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Abstract

Benchmarking the analysis of countries’ performance in terms of sustainable development
helps to understand the success factors of countries that over perform and to target prior-
ity issues of others with lower performance. However, assessing sustainable development
comes with methodological challenges, including indicator standardization, aggregation
and weighting. Our study significantly contributes to the measure of sustainable develop-
ment by providing a new approach based on an extended Hellwig method. After describing
the main limitations of existing methodologies, this paper’s aim is twofold. First, we show
that the proposed analytical framework allows for comparing the sustainable performance
of EU countries on the national level. The extended Hellwig method takes into considera-
tion EU targets and/or national targets in building patterns of development. Second, this
framework is tested as a part of the evaluation of the implementation of the Europe 2020
strategy in the education area. The results obtained using the extended Hellwig method
were compared with those obtained by means of the Education Index, TOPSIS and Ward
technique. Our analysis showed the significant disparities in the implementation of the
Europe 2020 strategy recommendations in the education area in 2015.
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1 Introduction

The Europe 2020 strategy (European Commission 2010) is the EU’s agenda for growth
and job creation, which emphasizes mutually reinforcing priorities of smart, sustainable
and inclusive growth. For each of these priorities, the strategy defined five headline targets
at the EU level, which belong to thematic areas covering issues of employment, education,
poverty and social exclusion, climate change and energy, R&D and innovation. These tar-
gets should be met by 2020.

Composite indices are widely used as synthetic measures for ranking and benchmark-
ing alternatives across complex concepts. Additionally, Multi-Criteria Decision Analy-
sis (MCDA) offers flexible tools for the quantitative assessment and ranking of options
according to multiple system dimensions, which are not directly measurable or clearly
defined, such as sustainability, human development, competitiveness and quality of govern-
ance (Wang et al. 2009; Huang et al. 2011; Cinelli et al. 2014; El Gibari et al. 2018).

For building composite indices in transparent and representative manner as well as to
avoid misleading results, the Organization for Economic Cooperation and Development
(OECD) together with the Joint Research Centre (JRC) of the European Commission have
published a “Handbook on Constructing Composite Indicators: Methodology and User
Guide”, which has become the reference for practitioners constructing composite indica-
tors in a variety of fields. They have developed a ten-step methodological framework for
constructing a composite indicator (OECD 2008). The steps are as follows: theoretical
framework, data selection, imputation of missing data, multivariate analysis, normaliza-
tion, weighting and aggregation, uncertainty and sensitivity analysis, back to the data, links
to other indicators and the visualization of results.

Bandura (2011) provided a comprehensive inventory of over 400 country-level indices
monitoring complex phenomena from economic progress to educational quality. Addition-
ally, in the reviewed paper, Greco et al. (2019) identified a very high growth of compos-
ite indicators over the past 20 years, highlighting their popularity and applicability to sev-
eral domains. Saltelli et al. (2011) pointed out some problems connected with statistical
information in monitoring the progress of European countries towards the implementation
of the Europe 2020 strategy. In the literature, we can find many propositions and studies
contributing to the measurement of sustainable development (Colak and Ege 2013; Pasi-
meni 2012, 2013; Rappai 2016; Walheer 2018, among others). In the context of the 2030
Agenda for Sustainable Development (United Nations 2015), the question about synthetic
indices, which might be used for the measurement of sustainable development taking into
consideration EU targets and/or national targets, seems to be vital. This was the main moti-
vation of our paper.

The aim of this paper is twofold. The first goal is to propose an analytical framework for
comparing the sustainable performance of EU countries on the national level. To this aim,
an extended Hellwig procedure is proposed, which allows us to take into consideration EU
targets and/or national targets in building patterns of development. The second goal of this
paper is to apply the proposed framework (the extended Hellwig method) to test its rel-
evance and effectiveness in assessing the education component of the EU’s agenda.

The multiple-criteria analysis of the implementation level of the Europe 2020 strategy
recommendations is provided, and the spatial diversity of EU countries in the education
area in 2015 is presented. A ranking of 28 EU countries was performed to understand the
specificity of education in the context of sustainable growth with the application of a clas-
sical as well as extended Hellwig method. First, we show that the set of SDG 4 indicators
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used in Hellwig procedure describes the phenomenon of education from the perspective
of sustainable development better than indicators used in the Education Index. Hellwig
measure is based on the process and quality of knowledge and employment rates of recent
graduates, while the Education Index is based only on years of schooling. Second, a sensi-
tivity analysis is performed. We show that the results obtained by Hellwig procedure with
those obtained by the extended TOPSIS technique (Roszkowska and Filipowicz-Chomko
2019) with the same set of indicators are consistent. Third, we also identify the group of
EU countries that are similar to one another but different from other groups of countries
based on the studied indicators. For this purpose, cluster analysis, with application of Ward
method, was used. The EU countries were divided into clusters of regions grouping the
most similar countries due to the level of education, using the hierarchical Ward agglom-
erative procedure. Hellwig procedure allows us to classify the countries into four groups
characterized by different levels of development (very high, medium-high, medium-low,
very low). The classification results obtained by Hellwig and Ward methods were also
compared. A sensitivity analysis for grouping was performed.

The paper is organized as follows. Section 2 presents a short literature overview on
sustainable development. Section 3 presents the taxonomic Hellwig method and a new
extended Hellwig measure and describes the Education Index and Ward method. In Sect 4,
the goals in the education area, the empirical data and the obtained results are described.
Section 5 compares the research findings on the rank ordering of EU countries obtained by
the proposed techniques and by other methods. The summary concludes the paper.

2 Literature Review

The European Commission proposed several indicators to monitor the Europe 2020 strat-
egy: Tertiary education attainment (TEDU), gross domestic expenditure on R&D (GERD),
greenhouse gas emissions, the share of renewable energy in gross final energy consump-
tion (RNEW), the energy intensity of the economy (EINT), the employment rate of the
population aged 20-64 (EMPL) and early leavers from education (SCHO) (OECD 2008).
To know how far each individual state is from reaching the desired objectives, the compos-
ite indicators have been defined. In addition to those recommended by the OECD, other
composite indices have independently been suggested in this thematic area by research-
ers (see Colak and Ege 2013; Pasimeni 2012, 2013; Bolcdrov4 and Kolosta 2015; Rappai
2016; Walheer 2018 among others). Colak and Edge (2013) assessed the EU’s new growth
strategy from a different perspective by evaluating the performances of the EU member
and candidate countries with respect to the three growth priorities and the overall strat-
egy by constructing a composite index inspired by the HDI. Pasimeni (2012, 2013) for
the purpose of cross-country comparison, selected the geometric method of the index, i.e.,
including a mechanism to reward more balanced development profiles. The smart (SMGI),
sustainable (SUGI) and inclusive (INGI) growth indices were aimed at measuring three
dimensions of the Europe 2020 strategy. Bolcarova and Kolosta (2015) created an aggre-
gated index of sustainable development (SD) from the EU set of SD indicators for each EU
27 country based on principal component analysis (PCA) and correlated this new aggre-
gated index with economic growth Rappai (2016). Proposed a new complex index based on
self-weighting average and Mahalanobis distance, which measures how close the member
states are to the completion of the strategy, and considered the heterogeneity of growth
paces across countries. Walheer (2018) suggested a decomposition of the composite index
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by distinguishing between three different components: country-, group-, and objective-spe-
cific indices. Walheer (2018) also described “A country-specific index showing how each
country performs with respect to the best performer for each year, a group-specific index
that indicates how the group performs for every year, and an objective-specific index that
shows whether, in principle, the targets are reachable for the period”.

In recent years, the methodology of multiple analysis has developed significantly, and
some interesting complex approaches have been proposed to eliminate the weaknesses of
composites (Maggino 2017; Greco et al. 2019). Maggino (2017) considered some impor-
tant methodological aspects and issues that should be taken into consideration when meas-
uring complex social phenomena. Mazziotta and Pareto (2017) highlighted that building a
composite index is a delicate task. They pointed out the importance of the following steps:
selecting a group of individual indicators, normalizing, standardization indicators and vali-
dating the composite index. Greco et al. (2019) offered an outlook on the advances made in
the methodological approaches concerning composite indicators. They focused, in particu-
lar, on two steps that were criticized the most: weighting and aggregation. In addition, they
reviewed the robustness analysis.

Sustainable development assessment is a multi-dimensional problem comprising eco-
nomic, social and environmental issues (United Nations 1992, 2015; Rio Declaration
1992). Janeiro and Patel (2015) noticed that sustainability assessment is a Multi-Criteria
Decision Making (MCDM) problem since it looks for compromises among conflicting
criteria and indicators. There is a wide literature on implementation sustainability using
multi-criteria decision methods. To build a composite indicator, several aggregation pro-
cedures have been used. A good overview may be found in Azapagic and Perdan (2005a,
b); Munda (2005a, b); Singh et al. (2009); Rowley et al. (2012); Cinelli et al. (2014); Diaz-
Balteiro et al. (2017); Gana et al. (2017), Biiyiikozkan and Karabulut (2018); and Ture
et al. (2018), among others.

Azapagic and Perdan (2005a, b) discussed three steps: problem structuring, problem
analysis and sustainability assessment and guidance on the choice of the most appropriate
MCDA method to measure sustainability. Munda (2005a, b) described compensatory and
non-compensatory aggregation methods from the weak and strong sustainability perspec-
tives. Singh et al. (2009) provided an overview of various sustainability indices used in
policy practice. They measured sustainable development taking into consideration scaling,
normalization, weighting and aggregation methodologies. Rowley et al. (2012) discussed
the theoretical implications of sustainability analysts and environmental decision makers’
choice of the MCDA method in a given problem context. Cinelli et al. (2014) described
five MCDA methods (i.e., MAUT (Multiple Attribute Utility Theory), AHP (Analytic Hier-
archy Process), PROMETHEE (Preference Ranking Organization METHod for Enrich-
ment of Evaluations), ELECTRE (ELimination and Choice Expressing REality) and DRSA
(Dominance-based rough set approach) with respect to some criteria that sustainability
assessment tools should satisfy, among which are a life cycle perspective, thresholds and
uncertainty management, software support and ease of use. Diaz-Balteiro et al. (2017),
based on the set of 271 papers appearing in the ISI Web of Science database, studied and
critically assessed the literature published on these topics. The results show that these tech-
niques have been applied to a great variety of problems, levels, and sectors related to sus-
tainability. Gana et al. (2017) discussed the advantages and disadvantages of nine weight-
ing methods and three aggregation methods. They also proposed a procedure for choosing
the most suitable weighting and aggregation methods based on four steps: Research pur-
poses, spatial and temporal scales, and sustainability perspectives. They noticed that sev-
eral sustainability indices have been built using an equal weighting strategy, when all the
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indicators are considered equally important or no statistical or empirical evidence supports
a different scheme. Biiyiikozkan and Karabulut (2018) reviewed the state of sustainability
performance evaluation (SPE) literature with a business perspective to capture needs and
develop research recommendations. They identified 128 articles between 2007 and 2018.
The obtained results suggested that sustainability performance evaluation models should
be more balanced, the suitable criteria and their interrelations should be well defined, and
the subjectivity of qualitative criteria inherent to sustainability indicators should be con-
sidered. Ture et al. (2018) measured, monitored and compared the countries according to
their performance by using the VIKOR (Vise Kriterijumska Optimizacija Kompromisno
Resenje) and the TOPSIS (Technique for Order Preference by Similarity to an Ideal Solu-
tion) methods. The authors highlighted that the proposed methods can be applied to assess
countries in terms of the EU 2020 strategy, which has multi-dimensionality targets.

It is worth noting that each method used by researchers has its advantages as well as
limitations, assumptions and characteristics. On the other hand, all of them allow integrat-
ing the set of indicators and are capable of considering such a broad spectrum of criteria,
including various economic, financial, demographic, educational and innovational areas.
All the aforementioned methods, excluding the extended TOPSIS (Roszkowska, Filipow-
icz-Chomko 2019), do not provide the possibility of including EU targets and/or national
targets in their procedure. The extended Hellwig procedure differs from the extended TOP-
SIS (Roszkowska, Filipowicz-Chomko 2019) since it measures only the distances to the
pattern of development. The extended TOPSIS method takes into consideration EU targets
and/or national targets in building PIS (positive ideal solution) and NIS (negative ideal
solution), and then, the distances to ideal and anti-ideal patterns are calculated. In this
paper, another approach is proposed based on Hellwig procedure. Additionally, those two
approaches were compared.

3 Methodology

The Taxonomic Measure of Development (TMD) introduced by Hellwig in 1968 (Hellwig
1968) is a method that allows the measurement of sustainable development. In our paper,
we present the classical approach to this method, and then, we propose a modification to
this procedure. The TMD allows us to rank objects (for example, countries) from the worst
to the best based on the level of development of the phenomenon under evaluation. For
each aspect of the analysed phenomenon, the set of diagnostic variables (indicators) is
selected based on substantive and statistical reasons, and relevant statistical data are gath-
ered; next, a synthetic measure (TMD) is calculated. It determines the Euclidean distance
of each object from the reference object, the so-called development pattern. Hellwig tech-
nique is similar to the TOPSIS procedure, which is often applied in MCDM (Hwang and
Yoon 1981). The TOPSIS procedure uses the concept of distances to the ideal and negative
ideal solutions, while Hellwig method uses only the concept of distance to ideal solution
(pattern development). The basic concept of TOPSIS is that the chosen alternative should
have the shortest distance to the ideal solution and the farthest distance to the negative
ideal solution. However, contrary to the TOPSIS procedure, Hellwig method uses only the
concept of an ideal solution (pattern development). Hellwig method was originally pro-
posed in 1968, long before TOPSIS, as a taxonomic method for international comparisons
of economic development of countries (Hellwig 1968). It was disseminated in the interna-
tional literature in 1972 with the realization of the UNESCO research project on the human
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resources indicators for less developed countries (Hellwig 1972a, b). Hellwig method was
presented in UNESCO (1972a), where its application to a group of countries with respect
to health development was described. UNESCO (1972b) has been used in development
areas such as health development, human resource development and educational develop-
ment. Other mentions and applications of Hellwig method can be found in Baster (1972),
Di Domizio (2008), Pawlas (2016), Bilgin et al. (2015), and Reiff et al. (2016), among
others.

3.1 The Classical Hellwig Procedure

Let A={A,A,,...,A,} be the set of objects (e.g., countries) connected with the exam-
ined phenomenon, X = {C1,C2,...,Ck} = P U N- the set of individual indicators (e.g.,
sustainable development (SD) indicators from Eurostat) characterizing the phenomenon,
where P and N are the sets of positive and negative indicators, respectively. The classical
Hellwig procedure consists of the following steps:

Step 1 Defining the evaluation vector for each object: A; = [xil,xiz, ,xik], where x;; is
the value of the j-th indicator for the i-th object, i =1,...,n, j=1,... k.

Step 2 Defining the vector of weights w = [wl, ,wk], where w; > 0G=1,...,k)is the
weight of indicator Cj and Z v =1L

Step 3 Building the pattern of development as an abstract point P, —[x ,xk+] in
accordance with Hellwig concept (Definition 6, Hellwig 1968) defined as

{ maxx;  ifx; € P
+ -

¥ minx;  ifx; €N
Step 4 Building the normalized vectorA; =X, ... .,X;] for the i-th object using the
standardization formula:
N X
[j ’
5
where ¥; = 12, X S = Z[ (e = X)%.
Step 5 Building the welghted normalized i-th vector for each object A =[x11, e |
where
Xj = Wik

Step 6 Calculating the distances (d,,) of the i-th object from the object pattern (A;, P,)
by using the classical Euclidean distance measure:

k ~ 2
dip = Z':1 (xz.'i - Wj) :

Step 7 Calculating the synthetic measures of development. For the i-th object, we
compute
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where dy = d +28.ford = 13" d.S = /13" (- ).

Step 8 Ranking of the objects according to descending H,.

H—determined in accordance with the described procedure is a normalized measure,
which in most cases has values from O to 1. The higher the synthetic measure value is, the
higher the position of a given object in the ranking.

3.2 The Extended Hellwig Procedure

In the classical Hellwig procedure, the abstract-point P is defined by means of the maxi-
mum and minimum relations. This point is common for all objects (countries). In the mod-
ified method, we departed from Hellwig approach. To take into consideration EU targets
and member states’ individual targets, we introduced the notion of an individual pattern of
development P;, = [x”, XDy x;] for the i-th object separately with target values (bench-
marks) as coordinates. More precisely, in our approach, x; is the value of the EU/national
target of the j-th indicator for the i-th country.

The main change concerns the normalization formula (Step 4). We must consider two
situations for positive and negative indicators:

1) For positive indicators,

—X.
(a) if the target is reached, i.e., x <x <x; then X’ > 1;

(b) if the target is not reached, i.e., X <x < x then <1

ij X,'] X,'

(2) For negative indicators,

-
(a) if the target is reached, i.e., X < x < x then -2 X’ > 1
. . 5 Ay—xr

(b) if the target is not reached, i.e., xfs x; < x; then
ij i J Xt

i

< 1.

As a consequence, we obtain modified stages of the classical procedure:
Step 4a Building the normalized vector A; = [X;,, ... .,X;g] for the i-th object (country)
by using the formula

e XX
1 if - Z 1
X = - X
i T X L X=X
R SRRy
X. —X X —X,

where x is the development pattern of the i-th object, which is individually defined (for
maxy; ifx; €N
instance, by means of assumed EU or national targets) and x; = i
J minx; ifx; €P
Step  5a Building the modified weighted normalized i-th  vector
(Ai)m = [(5‘;'1 )m, e (Scl-k)m] for each object (country) where

(x5),,, = Wik
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Step 6a Calculating the distances (d,),, of the i-th object (country) from the object pat-
tern (4;, P;y) by using the classical Euclidean distance measure:

dy),, = \/ Zj;l ((}U)m - w;)?.

Step 7a Calculating the modified synthetic measures of development for the i-th object
(country):

(di() )m
(dO )m

(Hp), =1-

where (dy),, = d+25.ford = L3 (dg),S = \/L L (i), ~ DY

Step 8a Ranking of all objects (EU countries) according to descending (H,),,.

Moreover, taking into account the values of synthetic measure H, objects (countries)
were grouped. The following division, which allowed us to distinguish the objects charac-
terized by different levels of development, was used. The objects were classified into the
following groups:

Group 1: He [H + SH;max{Hi}] represents a very high level of sustainable
development

Group 2: H €[H;H+S H) represents a medium-high level of sustainable development,

Group 3: H € [H — S,;; H) represents a medium—low level of sustainable development,

Group 4: H € mm{H } H — S;;) represents a very low level of sustainable develop-
ment, where He {H1,H2,H3}, H and S}, are the average value and the standard deviation
of synthetic measures, respectively

3.3 Framework Measuring Sustainable Development Based on Hellwig Approach

The proposed framework measuring sustainable development based on Hellwig method
consists of seven main stages, as presented in Fig. 1.

The first four steps are similar to those in other synthetic measures. The first step is the
problem description, the second requires determining the set of evaluated objects, while
the third identifies individual indicators. Eurostat collected 232 EU Sustainable Devel-
opment Goals (SDGs) indicator set, which constituted the basis for assessing the level of
implementation of Europe 2020 with respect to 17 goals as well as the main 169 EU targets
identified in this strategy and national targets accepted by the EU member states. Guided
by these aspirational and EU targets, each government is also expected to pursue its own
national targets, taking into account national circumstances. Indicators are required for
monitoring the level of achievement for these targets.

The fourth step in the process involves assigning weights to the indicators according
to their importance. The literature provides various approaches to weight the indicators
(Gana et al. 2017; Roszkowska 2013). Maggino and Ruviglioni (2009) noted that equal
weights were used in most applications and said that a reason why this happens is that the
theoretical structure attributes each indicator the same adequacy in defining the variable to
be measured.

In the fifth step, the pattern of development, abstract or individual based on the bench-
mark values, is built. In the next step, Hellwig algorithm is employed to evaluate and
rank the order of the objects. Indicators were converted to a common scale by the pro-
cess of standardization based on the mean and standard deviation of indicators. Next, the
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‘ Problem description ‘

|

‘ Determining the set of evaluated objects (e.g., countries, regions, firms). ‘

Identification of individual indicators describing sustainable development in the area under
consideration.

‘ Assigning weights to individual indicators. ‘

Determining the abstract pattern of «
development (based on max and min values of development for each object (e.g., based on
the indicators). \ national or EU target points).
Calculating the extended Hellwig measures of

development and rank-ordering the objects with
respect to this measure.

f Determining the individual pattern of ‘

Calculating the Hellwig measures of
development and rank-ordering the objects with
respect to this measure. |

Classifiying the objects into four groups with ‘

respect to the extended Hellwig measures of

respect to the Hellwig measures of development.

development.

" Classifying the objects into four groups with | ‘

Fig. 1 Measuring sustainable development based on Hellwig methods

numerical distances to the pattern of development are built. Finally, the objects are grouped
into four classes according to the values of the synthetic measure.

From this perspective, the main advantage of the extended Hellwig approach is that it
allows us to evaluate EU and national targets when measuring sustainable development.
However, there are two disadvantages: One is that some attempts have been made to
reduce the number of indicators through correlation analysis or factor analysis, and the
second is the problem of weighting the individual indicators.

Comparison of the extended Hellwig method with other techniques, such as the clas-
sical Hellwig, TOPSIS, and SAW methods, led us to certain main observations. All
these techniques (TOPSIS, SAW, Hellwig) allow us to rank, group and compare coun-
tries from the perspective of sustainable development. Now, we pay attention to a few
differences in the mentioned procedures. In Table 1, a comparison of those techniques
is presented, which shows the similarities and differences among them as well as the
added value of the extended Hellwig algorithm. First, comparing the Hellwig method
to TOPSIS allows us to take into account only the pattern of development (an ideal
vector), contrary to TOPSIS, where the pattern (ideal) and anti-pattern (anti-ideal) of
development are considered. In particular, it is important in the context of such a situ-
ation when only the pattern is determined. It is noteworthy that the anti-pattern is very
often artificially created. Second, the extended Hellwig procedure gives the opportunity
to consider the individual pattern (based on national or EU target points) compared with
the classical Hellwig method. Third, the algorithm of the Hellwig method shows the
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Table 1 Comparison of the properties of the SAW, TOPSIS and Hellwig methods

Properties Method
SAW Classical TOPSIS Classical Hellwig Extended
Hellwig
Pattern of development
Based on max and min values - + + +
Based on EU target points - - - +
Based on national target points - - - +

Anti-pattern of development
Based on max and min values — + — _

Key: + property is fulfilled; —property is not fulfilled

objects’ distance from the pattern of development. Fourth, however, SAW (Churchman
and Ackoff 1954) is very popular in measuring sustainable development, and it does not
include the pattern of development or distances to them.

3.4 Sensitivity Analysis

We apply the proposed framework based on the extended Hellwig method to test its rel-
evance and effectiveness in assessing the education component of the EU’s agenda. For the
sensitivity analysis of the results, we compare the classification of ranking results obtained
by Hellwig method with those obtained by the Education Index.

The Education Index is a part of the well-known Human Development Index (HDI).
The HDI is a summary measure of average achievement in key dimensions of human
development: a long and healthy life, the ability to acquire knowledge and the achievement
of a decent standard of living. Life expectancy at birth reflects the ability to lead a long and
healthy life. The mean years of schooling and expected years of schooling reflect the ability
to acquire knowledge. The gross national income per capita reflects the ability to achieve a
decent standard of living. The HDI is the geometric mean of normalized indices for each of
the three dimensions (Human Development Raport 2016, p.3). The Education Index (E7) is
calculated using the following formula:

_ MYSI + EYSI
N 2

EI

The Mean Years of Schooling Index (MYSI) and Expected Years of Schooling Index
(EYSI) are calculated in the following way:
MYSI = M—YS,EYSI _ EXS
15 18
Expected Years of Schooling (EYS) is the number of years of schooling that a child of
school entrance age can expect to receive if prevailing patterns of age-specific enrolment
rates persist throughout the child’s life. Mean Years of Schooling (MYS) is the average
number of years of education received by people aged 25 and older, converted from educa-
tion attainment levels.
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Next, we compare the results of grouping countries obtained by Hellwig method with
the results of Ward’s agglomeration method. Cluster analysis is a multivariate statistical
technique that entails the division of a large group of objects into smaller and more homo-
geneous groups—clusters. For the purposes of this paper, one of the most commonly used
methods, the agglomerative hierarchical clustering Ward method (Ward 1963), has been
applied. Ward method is based on least squares criteria and minimizes the within-cluster
sum of squares, thus maximizing the within-cluster homogeneity (for details, see Everitt
et al. 2011; Romesburg 1984; among others).

Finally, the Mann—Whitney or Kruskal-Wallis tests can be used to identify indicators
that are at significantly different levels in clusters. Those tests are rank-based nonparamet-
ric tests that can be used to determine every variable if there are statistically significant
differences in averages for obtained classes (the Mann—Whitney test for two classes and the
Kruskal-Wallis test for more than two classes).

4 Empirical Case Study Using the Extended Hellwig Procedure
to Measure Sustainable Development in the Education Area

In this section, we describe an empirical case analysis to demonstrate the usability and
effectiveness of the proposed framework for measuring sustainable development in the
education area. The extended Hellwig method was applied in two cases, taking into con-
sideration EU targets (H2) and national targets (H3). The classical Hellwig approach of the
pattern of development with the modification of the normalization stage is denoted by H1.

4.1 Problem Description

A strategy for smart, sustainable and inclusive growth, known as the Europe 2020 strategy,
was introduced by the European Commission (EC) in 2010 (EC 2010). The main aim of
EC was to create a solid foundation for development based on three mutually reinforcing
priorities:

Smart growth: developing an economy based on knowledge and innovation,
Sustainable growth: promoting a more resource efficient, greener and more competitive
economy,

e [Inclusive growth: fostering a high-employment economy delivering social and territo-
rial cohesion (EC 2010, p.6). Two headline targets assumed in the Europe 2020 strat-
egy correspond to both the education area and smart growth:

e The share of early school leavers should be under 10%,
e Atleast 40% of the younger generation should have a tertiary degree.

Reflecting different national circumstances, the two mentioned EU targets have also
been transposed into national targets. Therefore, each EU country can check its own
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progress towards each goal. The SDGs indicator set, which constituted the basis for assess-
ing the level of implementation of the Europe 2020 strategy, as well as the EU targets iden-
tified in this strategy and national targets accepted by the member states, are collected in
the Eurostat database.

Education', as a fundamental human right and an essence of intelligent development,
also became one of the seventeen goals of The 2030 Agenda for Sustainable Development
(known as Agenda Post-2015), which has given a new direction for achieving sustaina-
ble development (United Nations 2015). This goal, known as Quality Education (SDG 4),
“seeks to ensure people have access to equitable and quality education through all stages of
life, from early childhood education and care, through primary and secondary schooling, to
technical vocational training and tertiary education” (Eurostat 2018). The indicators from
the subset SDG 4 can be applied to assess the progress of EU countries towards SDG 4
on ensuring an inclusive and quality education for all. Thus, research on the education
performance of European countries should be considered an important field of interest.
The importance of this issue and the major impact of education on other areas connected
with sustainable development have been explored by many authors in various contexts
(Albareda-Tiana et al. 2018; De Wit et al. 2015).

4.2 Data Source

For the purpose of the study, the data made available by the Eurostat for the Sustainable
Development Indicators in the area of education (SDG 4) were used. The SDG 4 indica-
tor set consists of eight indicators that allow us to monitor progress on all levels and areas
of education. The list of the indicators with EU targets used in the analysis is presented in
Table 2. The comprehensive definitions of the indicators can be found in Eurostat 2018.
The Europe 2020 education targets are monitored with two headline indicators: early
leavers from education and training (CI) and tertiary educational attainment (C2). As
mentioned above, the main aim of this strategy was to reduce the share of CI to less than
10% and increase the share of C2 to at least 40% by 2020. These two Europe 2020 edu-
cation targets also feature EU benchmarks under the Strategic Framework for ET 2020.
ET 2020 (EC 2018) takes into consideration other quantitative benchmarks that should be
completed by 2020 and that are monitored with the following indicators (Eurostat 2018):

® Participation in early childhood education (C3)—at least 95% of children between the
age of 4 and the age of starting compulsory primary education should participate in
early childhood education.

e Underachievement in reading, maths, and science (C4-C6)—the share of low-achiev-
ing 15 year-olds in reading, mathematics and science should be less than 15%.

e Employment rates of recent graduates (C7)—the share of graduates (20-34 year-olds)
having left education and training in the past 1-3 years who are employed and not in
any further education and training should be at least 82%.

e Adult participation in learning (C8)—an average of at least 15% of adults should par-
ticipate in learning.

! Education is defined as a “process of teaching, training and learning, to improve knowledge and develop
skills” (Oxford Dictionary 2005, p.488). The United Nations made a declaration in its Agenda 21, where it
is stated that “education is critical for promoting sustainable development and improving the capacity of the
people to address environment and development issues” (United Nations 1992).
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Monitoring SDG 4 in the EU context focuses on the issues of basic, tertiary and adult
education. The set of all SDG 4 indicators allows us to look at educational attainment in
general and at their impacts on the labour market. The indicators enable us to go through
all stages of the education process beginning with early school leaving, followed by the
typical educational pathway starting with early childhood education, through the acquisi-
tion of basic skills (reading, maths and science), leading to tertiary education and adult
participation in learning (Eurostat 2017, 2018).

4.3 Analysis of the Results

In this part, the empirical results concerning the evaluation of the implementation level
of the Europe 2020 strategy recommendations in the education area among the EU mem-
ber states in 2015 are presented. The characterized multiple-criteria analysis methods were
applied for comparative research on the education area of EU countries in 2015.

In the first step of the research using the SDG 4 indicator dataset, the composite indices
of sustainability related to education based on Hellwig procedure were created. Those indi-
ces were constructed by considering the idea of evaluation of education goals, realizing
EU education targets, and realizing national education targets. In this context, we used
three different Hellwig models. They were suitable for evaluating the education domain
from a three-point of view pattern. The first was the classical approach, which was based
on the maximum and minimum values of SDG 4 indicators (by using the HI method). The
second one was based on EU targets (H2 method). The last one was created by means of
national targets (H3 method).

The education goals, defined in the Europe 2020 strategy, are measured by SDG 4 indi-
cators (see Table 2). An initial set of diagnostic features has been verified by taking into
consideration discriminative ability and informational potential. Although we found a
strong correlation between underachievement in reading, maths, and science, we did not
decide to eliminate any of these indicators. Finally, we include all indicators (Table 2) pro-
posed by Eurostat by applying the idea of a comprehensive description of the education
phenomenon by introducing an appropriate load of information into the analysis and suf-
ficiently differentiating classified objects. Table 3 presents the final dataset for the 28 EU
countries in 2015, consisting of eight indicators designated by symbols from CI to CS§,
together with national targets for C/ and C2, and the main statistical parameters. Based
on this table, we can make four observations. First, national targets for early leavers from
education and training range from 4% for Croatia to 16% for Italy and from 26% for Italy
to 66% for Luxembourg in 2015. Second, national targets for early leavers from education
and training range from 4% for Croatia to 16% for Italy and from 26% for Italy to 66% for
Luxembourg in 2015. Third, it shows that in 2015, eleven countries had already achieved
their national targets for C/ and thirteen countries had achieved it for C2. Finally, the EU
countries are the most differentiable with respect to adult participation in learning (C8)
and the least differentiable with respect to participation in early childhood education (C3).

Table 4 summarizes the values of synthetic measures and rankings of the EU countries
obtained by using the classical Hellwig method (H/) and the Hellwig procedures based
on EU targets (H2) and national targets (H3), all with equal weights [see (Maggino and
Ruviglioni 2009)].

Based on Table 4, we can make three main observations. First, taking into account the
composite index for H1, we found that the country characterized by the highest level of
achievement of the education goals in 2015 is Denmark, with a value of 0.757. The next
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Table 3 The data for the 28 EU countries and national targets in 2015

Country cl C2 c3 Cc4 C5 c6 c7 (0] National ~ National
Target Target C2
Cl

Austria 7.3% 387 948 21.8 225 20.8 869*% 144 95 38.0
Belgium 10.1 42.7%* 983* 20.1 195 198 795 69 95 47.0
Bulgaria 134 32.1 89.2 4211 415 379 746 20 110 36.0
Croatia 2.8%¥ 30.8 73.8 320 199 246 629 3.1 4.0 35.0
Cyprus 5.2% 545% 89.6 426 356 421 689 75 10.0 46.0
Czech Republic 6.2* 30.1 88.0 21.7 220 207 822%* 85 5.5 32.0
Denmark 7.8% 47.6% 98.5*% 13.6* 150 159 81.7 31.3* 10.0 40.0
Estonia 122 453* 919 11.2* 10.6* 8.8* 804 124 95 40.0
Finland 9.2% 455% 83.6 13.6% 11.1* 11.5% 755 254* 8.0 42.0
France 9.2% 45.0% 100.0* 235 21.5 221 724 18.6% 95 50.0
Germany 10.1 323 974* 172 162 170 904* 8.1 10.0 42.0
Greece 7.9% 404* 79.6 358 273 327 452 33 100 32.0
Hungary 11.6 343 953* 280 275 260 804 7.1 10.0 34.0
Ireland 7.0* 51.9* 97.7* 150 10.2* 153 777 6.3 8.0 60.0
Italy 147 253  96.2% 233 21 232 485 73 160 26.0
Latvia 9.9* 41.3* 95.0* 214 17.7 172 788 57 10.0 34.0
Lithuania 5.5% 57.6¥ 90.8 254 251 247 82.1* 58 9.0 48.7
Luxembourg 9.3* 52.3* 96.6* 25.8 25.6 259 84.7* 18.0%* 10.0 66.0
Malta 19.8 27.8 100.0* 29.1 356 325 951* 72 10.0 33.0
Netherlands 8.2% 46.3* 97.6% 16.7 181 185 88.2* 18.9* 8.0 40.0
Poland 5.3*% 434* 90.1 172 144* 163 774 35 45 45.0
Portugal 137 319 936 238 172 174 722 97 10.0 40.0
Romania 19.1 256 87.6 399 387 385 68.1 1.3 113 26.7
Slovakia 6.9* 284 784 277 321 307 752 3.1 6.0 40.0
Slovenia 5.0% 434*¥ 905 161 151 150 715 119 50 40.0
Spain 20.0 40.9* 97.7* 222 162 183 652 99 150 44.0
Sweden 7.0% 50.2* 95.0%* 20.8 184 21.6 85.9* 294* 7.0 45.0
United Kingdom 10.8 47.9* 100.0* 219 179 174 85.7* 15.7* 10.0 40.0
Mean value 9.8 405 924 239 219 226 763 108

Standard deviation 45 9.2 6.9 84 84 83 11.3 8.0
Variability coefficient 45.5 22.8 74 352 385 365 148 745

*The EU target is fulfilled

three positions were occupied by Sweden (0.703), the Netherlands (0.674) and the United
Kingdom (0.610). These countries represented a very high level of education development.
The regions characterized by the lowest level of achievement of the education goals are
Bulgaria (0.054) and Romania (—0.021)—the last two positions in the ranking. Both of
these countries are characterized by zero realized EU education targets. With the exception
of these two countries and Portugal, the other EU countries have realized at least one goal.

Second, in terms of the rankings based on the Hellwig methods with EU targets (H2)
and national targets for indicators (H3), we noticed a greater spread between the highest
and the lowest values (1.012 for H2 and 1.023 for H3). Both rankings again highlighted
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Denmark (0.984 for H2; 0.985 for H3) as the region with a very high level of realization
of education goals taking into consideration EU or national targets. The next two posi-
tions were taken by the Netherlands (0.915 for H2; 0.918 for H3) and the United Kingdom
(0.864 for H2; 0.867 for H3). The last two places were allocated to the same regions as in
the first ranking: Bulgaria (0.097 for H2 and H3) and Romania (— 0.028 for H2 and —0.039
for H3).

Third, regarding the analysed positions of EU countries in the overall classification
obtained by different Hellwig methods, it must be emphasized that some EU countries
improved, while others worsened their positions in the ranking. Generally, the differences
in values and rankings received by H2 and H3 are rather small. The largest difference in
position in the rankings H2 and H3 concerns the Czech Republic, which dropped 4 posi-
tions (from 14" position for H2 to 18" position for H3). Fifteen countries did not change
their positions. Comparing values of synthetic measures obtained by the classical Hellwig
method (H7) and by the modified methods taking into account EU or national targets (H2
and H3), it turned out that ten countries improved their positions, six countries did not
change their positions in the rankings, but for all countries, the values of synthetic meas-
ures increased. Estonia (0.265 for H2 and 0.280 for H3), Austria (above 0.260) and the
United Kingdom (above 0.250) improved their values the most, which translated into an
increase in their positions in the rankings: Austria had the largest increase (4 positions),
followed by Estonia (2 or 3 positions), and the United Kingdom (1 position). The smallest
increase in the value of the indicator was recorded for Romania (— 0.006 for H2 and —0.017
for H3), which caused it to have last position in all the rankings.

In summary, the results included in Table 4 demonstrate significant disparities in the
level of implementation of the Europe 2020 strategy in the education area across EU
countries.

We obtained the following classification with respect to HI:

Group 1 (very high level of education development): Denmark, Sweden, the
Netherlands;

Group 2 (medium-high level of education development): the United Kingdom, Finland,
Ireland, Estonia, Slovenia, France, Luxembourg, Austria, Belgium, Poland, Latvia,
Germany, Lithuania;

Group 3 (medium-low level of education development): Czech Republic, Portugal,
Spain, Hungary, Italy;

Group 4 (very low level of education development): Croatia, Cyprus, Slovakia,
Malta, Greece, Bulgaria, Romania.

In the case of both methods (H2 and H3), independent of the used targets, we obtained
the following classification:

Group 1 (very high level of education development): Denmark, the Netherlands, the
United Kingdom, Estonia, Sweden;

Group 2 (medium-high level of education development): Slovenia, Austria, Finland,
France, Ireland, Belgium, Latvia, Luxembourg, Czech Republic, Germany, Portugal,
Poland, Lithuania;

Group 3 (medium-low level of education development): Hungary, Spain, Italy;

Group 4 (very low level of education development): Croatia, Slovakia, Malta, Cyprus,
Greece, Bulgaria, Romania.

The countries from Group 1, which represented a very high level of education devel-
opment, are characterized by a high (4 or 5) number of realized EU targets. The coun-
tries from groups 3 and 4, which were characterized by a medium-low and very low level
of education development, reached at most two EU targets in 2015. The countries that
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Fig.2 Comparison of rankings obtained by means of the methods for H1-H3

appeared in the same group, regardless of the method used, are marked in bold. We can
observe the following differences: The United Kingdom and Estonia are in Group 2 due to
the HI method and in Group 1 due to the H2 and H3 methods used. The Czech Republic
and Portugal appear in Group 3 due to the HI method and in Group 2 due to H2 and H3
methods. The fourth group includes the same countries in both classifications. The reshuf-
fles among groups of both obtained classifications are not major.

Figure 2 confirms the diversity in education areas between EU countries. The range,
in the case of the three applied methods, is as follows: 0.799 (for HI), 1.023 (for H2),
and 1.012 (for H3). The Spearman’s correlation coefficients between the used methods are
r(H1, H2)=0.970, r(HI, H3)=0.971, r(H2, H3)=0.992, and all of them are statistically
significant (p <0.05).

4.4 Comparative Analysis and Implications

The Hellwig procedures were proposed for ranking, classifying and comparing EU coun-
tries with respect to sustainable development in the education area in 2015. To illustrate
that the proposed approach is effective, first, the results obtained using Hellwig method
were compared with the results obtained using the Education Index. The values of the Edu-
cation Index for EU countries in 2015 are presented in Table 3. Three observations from
this table are as follows.

First, let us observe that the composite indices of the Education Index and Hellwig
measure are based on different data. The indicators used in Hellwig procedure take into
account all the processes of education, from early childhood to lower secondary, tertiary
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Fig.3 Cluster analysis—bonds tree diagram Ward method for the EU-28 in 2015

and adult education. The main difference between these indices is that Hellwig measure
takes into consideration the quality of knowledge (underachievement in maths, reading and
science) as well as the employment rates of recent graduates, while the Education Index is
based only on years of schooling. It seems that the proposed set of indicators CI-C8 (see
Table 1) reflects the level of education from the perspective of sustainable development
better than the given indicators.

Second, the Spearman’s correlation coefficients among the rankings obtained by the
used methods are r(H1, EI)=0.726, r(H2, EI)=0.713, r(H3, EI)=0.685, and all of them
are statistically significant (p <0.05). It is not surprising that the “quantitative” index does
not correspond well with the “quality” of education represented by indices HI, H2, and H3
(Spearman’s coefficient less than 0.730).

Third, the Education Index do not illustrate the variation among countries as Hellwig
measure. The minimum value of the Education Index is 0.757 for Portugal, while the maxi-
mum value is 0.940 for Germany. To compare this result, for instance, with HI, we see that
the minimum value is —0.021 for Romania and the maximum value is 0.757 for Denmark.
For the other Hellwig indices, the differences between the minimum and maximum values
are even greater.

In the paper (Roszkowska and Filipowicz-Chomko 2019), the extended TOPSIS proce-
dure was proposed, which takes into account EU targets and/or national targets in building
PIS and NIS. This algorithm allows compensatory and noncompensatory approaches in
integrated sustainability assessment from the target point of view. This framework has been
applied to measure sustainable development in the field of education using the same set of
indicators, CI-C8. The Spearman’s correlation coefficients between rankings obtained by
the Hellwig and TOPSIS methods are greater than 0.980 (and are statistically significant
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Table 5 Results of clustering

Clusters Countries

Cluster 1 Austria, Belgium, Czech Republic, Denmark, Estonia, Finland, France, Ger-
many, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Netherlands,
Poland, Portugal, Slovenia, Spain, Sweden, United Kingdom

Variables (average value)

Cl Cc2 Cc3 c4 C5 c6 c7 c8
9.529 42.567 94.695 20.014 18.229 18.733 78.443 13.086
Cluster 2 Bulgaria, Croatia, Cyprus, Greece, Malta, Romania, Slovakia

Variables (average value)
Cl Cc2 C3 c4 (%) c6 c7 Cc8
10.729 34.229 85.457 35.600 32.957 34.143 70.000 3.929

p <0.050). This result confirms that both the Hellwig and TOPSIS methods can be applied
to measure sustainable development by taking into account target points. We should
remember that Hellwig procedure is based on the pattern of development, while TOPSIS is
based on the concept of ideal and anti-ideal solutions.

In the last part of the study, cluster analysis was applied. To distinguish groups of simi-
lar (in terms of the values of the referred eight indicators) countries, Ward agglomeration
method was used. The results of the cluster analysis are presented in the form of a tree
diagram (see Fig. 3).

Based on the above analysis, two clusters have been identified. The results concerning
the classified countries and the average values of individual variables in the distinct groups
are included in Table 5.

The first group included 21 countries with a high or medium level of education develop-
ment. The fourteen countries included in Cluster 1 are the countries of the so-called “old
EU”, and the next seven are the countries that joined the EU in 2004. The second group,
which includes so-called “new member states” in addition to Greece (old Union), form
Cluster 2, with a low level of education development.

In the next step, the differences between clusters were verified. For these two clusters,
the application of the test enables us to verify whether the values of the variables used in
the research are significantly different for the considered classes. For these two clusters, the
Mann-Whitney test confirmed that all variables (besides C1) differ significantly (p <0.05).
In conclusion, the results of this test indicate that the variables used in the multicriteria
analysis were selected properly. Their values significantly differentiate the determined
classes.

5 Conclusion

In this paper, we proposed a new methodological framework based on extended Hellwig
procedures that allowed an integrated assessment of sustainability goals while consider-
ing target levels. The core of the classical Hellwig technique is a construction of synthetic
indices that is designed as a distance from the abstract pattern of sustainable development
(ideal solution). This abstract point is defined by means of maximum and minimum rela-
tions, and it is common for all objects (countries). In the extended Hellwig method, we
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introduced the notion of individual patterns of development (taking into consideration EU
targets and member states’ individual targets). The proposed procedure enables us to cre-
ate rankings of the countries as well as group the countries into four relatively homog-
enous subsets (classes) with very high, medium-high, medium-low and very low levels of
development.

This proposed framework was tested as part of the evaluation of the implementation of
the Europe 2020 strategy, the EU’s agenda for smart, sustainable and inclusive growth. The
modified Hellwig procedure was used to analyse the implementation level of the Europe
2020 strategy recommendations and the spatial diversity of EU countries in the education
area in 2015.

The results show the significant disparities in the implementation of the Europe 2020
strategy recommendations in the education area in EU countries in 2015. All the front-
runners in the rankings, representing a high level of education development obtained by
the Hellwig methods, are the “old” member states (Denmark, the Netherlands, the United
Kingdom, and Sweden). The last positions in the rankings are taken by countries that
joined the EU in 2007 (Bulgaria and Romania). On the other hand, among new member
states, relatively high positions in the proposed rankings were taken by the Baltic coun-
tries (Estonia, Poland, Latvia, and Lithuania) and Central and Southern European coun-
tries such as Slovenia and the Czech Republic. Among the new member states, Estonia and
Slovenia take the highest positions. Finally, among the old member states, only Greece is
characterized by very low levels in the Hellwig measures.

We compared Hellwig approach with others using the Education Index, TOPSIS and
Ward technique. We showed that the set of SDG 4 indicators is better for measuring sus-
tainable development in the education area than the set of indicators used in the Education
Index. We also showed that the results obtained by methodological approaches based on
TOPSIS or Ward procedure are consistent.

The proposed modification of Hellwig method turned out to be an effective tool for
assessing the implementation of the Europe 2020 strategy recommendations in the area of
education in the EU countries. It is useful for assessing the relative performance towards a
given target (national or/and EU target).

Our study also indicates new directions for research. In this work, all indicators were
treated at an equal level, and equal weights were assumed. In further studies, it is worth
considering the use of approaches based on different weights. These weights can be deter-
mined based on expert analysis or statistical methods. Furthermore, the usefulness of the
proposed approach to monitor sustainable development in other areas based on the SDG set
of indicators can be tested.
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