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Abstract
Sustainability is a holistic and complex multi-dimensional concept comprising eco-
nomic, social and environmental issues. The EU Sustainable Development Goals’
indicator set, developed byEuropeanCommission, is implemented online in Eurostat’s
database and constitutes the basis for assessing the level of sustainability assessment
in different areas. The integration of the sustainability indicators was carried out in
many studies by using themulti-criteria techniques. Thiswork proposes a newmethod-
ological framework based on extended TOPSIS procedure, which takes into account
EU targets and/or national targets in building positive ideal solution and negative
ideal solution. This algorithm allows compensatory and non-compensatory approach
in integrated sustainability assessment from the target point of view. This framework
has been applied to measure sustainable development in the area of education in 28
EU countries in 2015. The results of this research also illustrate the complexity of
measuring sustainable development, where multiple sustainability criteria and targets
are considered.

Keywords Sustainable development · Education · Multi-criteria technique · Target ·
TOPSIS

1 Introduction

Sustainable development can be defined simply as improving the quality of lifewithout
affecting the environment. Sustainability is a holistic and complex multi-dimensional
concept comprising economic, social and environmental issues (United Nations 1992;
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Rio Declaration 1992). An extensive overview of sustainability performance evalua-
tion, including literature review and future directions, was provided by Büyüközkan
and Karabulut (2018). They suggested that “sustainability performance evaluation
models shall be more balanced, suitable criteria and their interrelations shall be well
defined and subjectivity of qualitative criteria inherent to sustainability indicators shall
be considered”.

The sustainability decision context, requires the decision maker to take a position
on a concept of “sustainability”. There are two different levels of sustainability: weak
and strong (Ayres et al. 2001; Cabeza-Gutes 1996; Dietz and Neumayer 2007; Ekins
et al. 2003; Neumayer 2003; Munda 2005a). Weak sustainability states that “human
capital” can substitute “natural capital”. Weak sustainability is the idea where the
natural capital could be used as long as it is converted into manufactured capital of
equal value. In contrary, strong sustainability states that “human capital” and “natural
capital” are complementary, but not interchangeable.

The United Nations Conference on Sustainable Development (Rio+20) resulted
in creating a document with clear and practical measures for implementing sustain-
able development (The future we want 2012). In Transforming Our World—the 2030
Agenda for Sustainable Development targets and topics related to the SDG are defined
(United Nations 2015). The EU SDGs indicator set, which constituted the basis for
assessing the level of sustainability implementation, is collected in Eurostat.

Many studies on sustainability implementation are conducted by using the multi-
criteria techniques (Munda 2005a, b, 2008; Azapagic and Perdan 2005a, b; Singh
et al. 2009, among others). In this work we propose a new methodological frame-
work based on TOPSIS (Technique for Order Preference by Similarity to an Ideal
Solution) (Hwang and Yoon 1981) procedure. In our proposal, the extended TOPSIS
takes into consideration EU targets and/or national targets in building PIS and NIS.
This algorithm allows compensatory and non-compensatory approach in integrated
sustainability assessment from targets’ perspective.

Our framework has been applied to measure sustainable development in the field of
education. In recent years, there have been many new aspects and ideas in the area of
education, which due to their “global-character”, are reflected in educational policy,
in the practice of education development and education for sustainable development.
Numerous reforms in the field of education, requiring a clear knowledge of account-
ability, efficiency and measurement, have brought the need for deeper research in this
area. In this context, a synthesis of the literature pertaining Development Education
(DE), Education for Sustainable Development (ESD), and Global Citizenship Educa-
tion (GCE), considered from the perspective of policy and practice, was presented by
O’Flaherty and Liddy (2017). Obtained results confirm a strong need for further stud-
ies in the area of education. Also, designing and employing appropriate and adequate
research methods to address the complexity and multiplicity of learning arising from
DE/ESD/GCE, requires investigation and innovation.

TheEurope 2020 strategy (EuropeanCommission 2010) is theEU’s agenda adopted
for growth and jobs which emphasizes smart, sustainable and inclusive growth. Smart
growth denotes a developing economy based on knowledge and innovation. Sus-
tainable growth promotes a more resource efficient, greener and more competitive
economy. Inclusive growth fosters a high-employment economy delivering social and
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territorial cohesion. Taking into consideration key priorities, the EU defined eight tar-
gets which belong to five thematic areas: employment, education, poverty and social
exclusion, climate change and energy, R&D and innovation. One of themost important
areas, which is associated with smart growth, is education. Two main EU targets for
education in Europe 2020 strategy are the following (European Commission 2010):

– rates of early school leavers below 10%;
– at least 40% of people aged 30–34 having completed higher education.

TheEU targets havebeen alsomodified into national targets, so that eachEUcountry
can check its own progress towards each goal. The Eurostat collected the EU SDGs
indicator setwhich constituted the basis for assessing the level of implementation of the
Europe 2020 strategy, themainEU targets identified in this strategy and national targets
accepted by theMember States. The Europe 2020 strategy also plays an important role
in addressing the internationally adopted 2030 Agenda for Sustainable Development,
which have given a new direction for achieving sustainable development (United
Nations 2015). This agenda contains 17 goals including global education (SDG 4)
which ensures inclusive and equitable quality education and promotes lifelong learning
opportunities for everyone. 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 2017a). To monitor the progress towards SDG 4 on
ensuring inclusive and quality education for everyony—the indicators from the subset
SDG 4 are used.

The Strategic Framework for Education and Training 2020 (ET 2020) is a program
providing common strategic objectives for Member States with a view to respond to
the challenges that are important in creating a knowledge-based Europe and which
make lifelong learning reality for everyone. In order to measure progress achieved
on these objectives, they are also accompanied by indicators SDG 4 and European
benchmarks.

In a complex process of assessment of the level of sustainability in the education
area, multi-criteria analysis can be a useful tool. In this context, a methodological
approach based on Multi-criteria Decision Analysis (MCDA), in order to monitor
sustainability in education area, was presented. Our research was carried out basing
on the TOPSIS method, which enabled the construction of a synthetic measure of
sustainable development. The modified TOPSIS technique was used to rank EU coun-
tries in order to understand the specifics of education necessary to develop sustainable
growth. Specifically, the following research questions are addressed:

Q1 How to evaluate and compare 28 EU countries in implementing EU’s strategic
goals in the area of education?
Q2 How to evaluate and compare 28 EU countries in implementing EU’s strategic
goals in the area of education taking into consideration EU targets?
Q3 How to evaluate and compare 28 EU countries in implementing EU’s strategic
goals in the area of education taking into consideration national targets?

In the paper we also try to answer the following questions:

Q4Are there any significant disparities in the level of implementation of the strategic
goals in the area of education within the EU regions in 2015?
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Q5 How do countries manage to implement the EU goals in the area of education
taking into account EU targets/national targets? Which countries are the best and
the worst in implementing these objectives?

To handle the problems mentioned in questionsQ1–Q3 the extended TOPSIS tech-
nique was proposed. The main idea of TOPSIS is to evaluate the alternatives by
simultaneously measuring their distances to PIS and to NIS. The classical TOPSIS
method assumes that PIS is an alternative which maximizes the benefit criteria and
minimizes the cost ones, whereas NIS maximizes the cost criteria and minimizes
the benefit ones. The proposed extended TOPSIS procedure used EU targets and/or
national targets in building PIS and NIS. Using this technique, we analyzed the level
of realizing the SDG 4 in 28 EU countries in 2015 answering questions Q4 and Q5.

This way we contributed to the sustainable development analysis by proposing the
extendedTOPSISmethod for evaluating and comparing28EUcountries in implement-
ing EU’s strategic goals, which is an integral part of the EU Sustainable Development
Strategy. The proposed approach may be applicable for measuring and monitoring
progress towards sustainable development in different areas using SG indicators from
the national or EU targets’ perspective. Our paper also contributes to the sustainable
education area, showing disparities among EU countries in the level of implementation
of the strategic goals in the education area in 2015.

The rest of the paper is organized as follows. Section 2 presents a literature reviewon
measuring the assessment of sustainability based on multi-criteria analysis. In Sect. 3
the classical and extended TOPSIS methods are presented. Section 4 describes the
goals in education and empirical data in use. Section 5 presents the research findings on
the rank-ordering of EU countries obtained by different TOPSIS techniques followed
by the assessment of the achievement of the strategic goals. The concluding section
summarizes the paper.

2 Measuring sustainable development usingmulti-criteria methods:
a literature review

The assessment of sustainability can be regarded as a decision-making problem and
because it looks for compromise solutions among conflicting criteria and indicators,
it could be handled by multi-criteria decision-aid methods (Munda 2005a). Decision
Analysis is a discipline, dealing with decision making with multiple and conflicting
criteria and objectives, particularly in terms of choice, ranking or sorting of options
(Figueira et al. 2005). According to Slowinski et al. (2002) we can distinguish three
main approaches used in multi-criteria methods: utility function, outranking relation
and sets of decision rules. The utility-based theory includes methods of synthesizing
the information in a unique parameter (Keeney and Raiffa 1976). The most popular
methods based on the synthesizing criterion, which enable rank-ordering alternatives
using appropriate predefined scale, are SMART (The Simple Multi Attribute Rat-
ing Technique) (Edwards 1971), SAW (Simple Additive Weighting) (Churchman and
Ackoff 1954), TOPSIS (Hwang and Yoon 1981), MACBETH (Measuring Attrac-
tiveness by a Categorical Based Evaluation Technique) (Bana e Costa and Vansnick
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1999), AHP (Analytic Hierarchy Process) (Saaty 2008). The outranking relation the-
ory involvesmethods based on comparisons between pairs of options to verify whether
“alternative a is at least as good as alternative b” (Roy 1991). The main methods using
a synthesizing preference relational system, which compare alternatives with each
other to establish preference relations between them, are ELECTRE (Elimination
and Choice Expressing Reality) (Roy and Bouyssou 1993), PROMETHEE (Prefer-
ence Ranking Organization Method for Enrichment Evaluations) (Brans 1982). The
decision rule theory allows one to derive a preferencemodel through the use of classifi-
cation or comparison of decision examples (Greco et al. 2001). The thorough overview
of multi-criteria methods can be found in Figueira et al. (2005).

We divided multi-criteria techniques into compensatory and non-compensatory
ones. General definition of compensation and non-compensation in multi-criteria
decision making within the framework of Multiattribute Preference Structures was
presented by Bouyssou (1986). According to him “compensation refers to the exis-
tence of ‘tradeoffs’, i.e. the possibility of offsetting a ‘disadvantage’ on some attribute
by a sufficiently large ‘advantage’ on another attribute whereas smaller ‘advantages’
would not do the same”. Similarly, Munda (2005b) said that “compensability refers
to the existence of trade-offs, i.e. the possibility of offsetting a disadvantage on some
criteria by a sufficiently large advantage on another criterion, whereas smaller advan-
tages would not do the same”. In general, the aggregating techniques (e.g. SMART,
SAW, TOPSIS, AHP) are compensatory, while the outranking methods (e.g. ELEC-
TRE, PROMETHEE) and rules-based methods are non-compensatory (Jeffreys 2004;
Rowley et al. 2012).

MCDA has been used extensively to evaluate sustainability in different areas. The
good review of environmental applications of MCDA summarizing over 300 papers
from the Web of Science database published between 2000 and 2009 was given by
Huang et al. (2011). The papers were classified by their application area, decision or
intervention type and by the MCDA methods used in the analysis (analytic hierarchy
process,multi-attribute utility theory, and outranking).Diaz-Balterio et al. (2017) stud-
ied a set of papers appearing in theWeb of Science database showing thatmulti-criteria
techniques have been applied to a great variety of problems related to sustainability.
Those techniques have been grouped in five large clusters: Distance Functions, Out-
ranking Methods, Hierarchic Methods, Ranking Methods, and One Way/Optimizing
Averages. A structured overview of sustainability performance evaluation related to
publications about the current state of literature was provied by Büyüközkan and
Karabulut (2018). In particular, they collected and categorized the articles beetwen
2007 and 2018 taking into account applied MCDM techniques (Büyüközkan and
Karabulut 2018, p. 261).

Munda (2005b) discussed the use of multi-criteria framework for sustainability
measuring. He suggested avoiding complete compensability, i.e. the “possibility that
a good score on one indicator can always compensate a very bad score on another
indicator”. He argued (2005b) that “complete compensability implies that an excellent
performance on one economic dimension can justify any type of very bad performance
on the other dimension, which is exactly what the concept of sustainability tries to
avoid”. Munda pointed out (2005a, b) that compensatory aggregation method can be
used from the weak sustainability perspective, but in implementing strong sustainabil-
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ity context, a non-compensatory method must be used. Rowley et al. (2012) compared
the methodological requirements of the mainMCDA approaches and clarified the the-
oretical implications of choice of multi-criteria techniques to be more appropriate in
given problem context. He also noticed that performance aggregation-based MCDA
methods (AHP, SMART, TOPSIS) can be used only to enforce a weak sustainability
concept, because they assume complete compensation among the criteria. On the con-
trary, preference aggregation-based methods (i.e. ELECTRE, PROMETHEE) “allow
the use of a strong concept of sustainability by limiting or abolishing the compensation
among sustainability spheres”.

Some methodological problems concerning steps of sustainable analysis in the
context of MCDM techniques were discussed by Azapagic and Perdan (2005a, b),
Singh et al. (2009) andCinelli et al. (2014). Azapagic and Perdan in two papers (2005a,
b) proposed an integrated multi-criteria decision support framework for sustainability
assessment based on three steps: problem structuring, problem analysis and problem
resolution. The multi-criteria techniques such as multi-objective optimisation, goal
programming, value-based and outranking approaches were discussed and guidance
on the choice of the most appropriate MCDA method was also proposed. Singh et al.
(2009) gave an overview of various sustainability indices used in policy practice. They
measured sustainable development taking into consideration scaling, normalization,
weighting and aggregation methodology, etc. Cinelli et al. (2014), in the review paper,
reported and discussed the results of a comparative analysis of five MCDA methods
(MAUT, AHP, PROMETHEE, ELECTRE and DRSA) with specific reference to ten
important criteria aimed at sustainability-related evaluations. The use of qualitative
and quantitative data, life cycle, weights typology, thresholds values, compensation
degree, uncertainty treatment/sensitivity analysis, uncertainty, robustness, software
support and graphical representation, ease of use, were used for comparisons of the
selected MCDA methods.

Some practical application of multi-criteria methods to monitor sustainability in
different domains can be found in (Boggia and Cortina 2010; Bolcárová and Kološta
2015). Boggia and Cortina (2010) in their work confirmed usefulness ofMCDAmeth-
ods in a complex process such as the assessment of the level of sustainability of a
certain area. They showed that results, obtained in this way, are easy to understand
and the evaluation path is clear and transparent. Bolcárová and Kološta (2015) built
an aggregated index of the sustainable development from EU set of SDIs for each of
27 EU countries based on the PCA (Principal Component Analysis) which allows one
to rank each EU country and its development in terms of the sustainability over time.

The usefulness of MCDM methods as evaluation tools, in ranking areas, are also
applied by other researchers. Ture et al. (2019) proposed the VICOR and the TOPSIS
methods as the effective and easily practicable measures for ranking and monitor 27
EU countries in terms of each EU 2020 Strategy. The same two methods are taken up
by Piwowarski et al. (2018). They analyzed 14 indicators selected out of 14 SDG goals
in order to study the level of sustainable development of the EU countries. Zinatizadeh
et al. (2017) evaluated urban sustainability in areas of the Kermanshah city of Iran
by using three MCDM methods: SAW, ELECTRE and TOPSIS. Roszkowska and
Filipowicz-Chomko (2016) used TOPSIS method with a common pattern and anti-
pattern of development to study the level of the institutional development of Polish
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voivodeships in 2010-2014. Dos Santos et al. (2019) identified fourtheen application
areas ofAHP to support sustainable development. Theyhighlighted thatmanufacturing
and urban-related sustainable decisions most often use AHP.

In our paper we used extended TOPSIS procedure to build the composite indicators
integrating individual indicators which let us handle the problems mentioned in intro-
duction. Hsu-Shih et al. (2007) noticed four main advantages of TOPSIS: “(i) a sound
logic that represents the rationale of human choice; (ii) a scalar value that accounts
for both the best and worst alternatives simultaneously; (iii) a simple computation
process that can be easily programmed into a spreadsheet; and (iv) the performance
measures of all alternatives on attributes can be visualized on a polyhedron, at least
for any two dimensions”. They also pointed out that: “these advantages make TOPSIS
a major MADM technique as compared with other related techniques such as ana-
lytical hierarchical process (AHP) and ELECTRE”. This was the motivation of our
study. In addition to the listed advantages of TOPSIS such as simplicity, rationality,
comprehensibility, one should pay attention to the possibility of taking into account
EU targets and/or national targets. In the proposed extension TOPSIS, the distances
to both: PIS and NIS, are based on individual targets simultaneously and a preference
order is ranked according to their relative closeness, and a combination of these two
distance measures. The major weakness of TOPSIS is in not providing for weight elic-
itation (Hsu-Shih et al. 2007). The different weighting schemes in TOPSIS models
can be found in Olson (2004). Several authors suggested AHP to obtain the weights in
TOPSIS (Shih 2007), rank ordering methods may also be useful (Roszkowska 2013).

The SMART or SAWmethods are also simple and easy for computing but they can-
not handle individual targets in evaluation countries. The AHP method uses pairwise
comparison among criteria/option, therefore it is useful for quantitative criteria rather
than qualitative indicators. However, it is also worth noting that AHP method can be
easy applied to weights determination, in a situation where different weights can be
considered. Similarly, the outranking methods such as ELECTRE or PROMETHE
are based on alternative comparison so they cannot be used to handle the problem
mentioned before.

3 The TOPSIS procedure

3.1 Classical TOPSIS approach

In the MCDM ranking problem, the decision maker has to rank m alternatives
A1,…Am described by n criteria C1,…Cn. We assume that each alternative is defined as
Ai � [xi, …xin] where xi j ∈ R is the resolution level of the alternative Ai (i � 1,…,
m) with respect to the criterion Cj (j � 1,…, n). Let A � {A1, . . . , Am} be the set
of m alternatives described by n criteria from the set C � {C1, . . . ,Cn}. We have
I ∪ J � C, I ∩ J � ∅,were I is a set of benefit criteria (the greater value the better)
and J—set of cost criteria (the lower value the better). Finally, let w � [w1, . . . , wn]
be a weight vector, where w j ∈ R( j � 1, . . . , n) is the weight of criterion C j .

The TOPSIS (Hwang and Yoon 1981) is a multi-criteria technique based on two
reference points: the ideal and the anti-ideal one. The preference order is then built
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according to the relative closeness of the alternatives to the ideal, which is a scalar cri-
terion that combines two distancemeasures to the ideal and the anti-ideal.Thismethod
proposes the minimization of the distance with respect to the ideal and, simultane-
ously, the maximization of the distance with respect to the anti-ideal. The classical
TOPSIS procedure consists of the following steps:

Step 1 Defining the alternatives form the set A.
The alternative Ai is denoted as Ai � [xi1, . . . ., xin]where xi j is the evaluation
of i-th option with respect to j-th criterion.

Step 2 Defining the vector of weights

w � [w1, . . . , wn], where w j > 0,
n∑

i�1

w j � 1 (1)

where w j is a weight of j-th criterion.
Step 3 Building the ideal I � [

x+1 , . . . , x
+
n

]
and the anti-ideal AI � [

x−
1 , . . . , x

−
n

]
.

vectors for alternatives is as follows:

x+j �
{
maxi xi j i f xi j ∈ I
mini xi j i f xi j ∈ J

(2)

x−
j �

{
maxi xi j i f xi j ∈ J
mini xi j i f xi j ∈ I

(3)

where xi j is the evaluation of i-th option with respect to j-th criterion, I is
the set of benefit criteria, J is the set of cost criteria.

Step 4 Building the normalized i-th alternative Ai � [xi1, . . . ., xin] is as follows:

xi j � xi j − x−
j

x+j − x−
j

(4)

where: xi j is the evaluation of i-th option with respect to j-th criterion.
Step 5 Building the weighted normalized i-th alternative Ãi � [̃xi1, . . . ., x̃in] is as

follows:
x̃i j � w j x̄i j (5)

where xi j is the normalized values of i-th option with respect to j-th criterion,
w j is a weight of j-th criterion.

Step 6 Building the alternatives P I S and N I S as normalized and weighed alterna-
tives I and AI , respectively.
Let us observe that:

P I S � [w1, . . . , wn], N I S � [0, . . . , 0]. (6)

Step 7 Calculating the distances of each weighted normalized i-th alternative from
PIS (d+i ) and NIS

(
d−
i

)
, respectively.

We use the classical Euclidean distance measure:
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d+i �
√√√√

n∑

j�1

(
x̃i j − w j

)2 (7)

d−
i �

√√√√
n∑

j�1

(
x̃i j

)2 (8)

where x̃i j—is the weighted normalized values of i-th option with respect to
j-th criterion, w j is a weight of j-th criterion.

Step 8 Calculating the relative closeness to the PIS.
For each alternative the closeness coefficient Ti is determined, which aggre-
gates the values of d+i and d−

i into a scalar criterion. For the i-th alternative
we compute:

Ti � d−
i

d−
i + d+i ,

(9)

where 0 ≤ Ti ≤ 1, i� 1, 2,…, m.
The relative closeness formula (9) is an aggregation formula which was origi-
nally proposedbyHwangandYoon (1981) for the classicalTOPSISalgorithm.

Step 9 Ranking of all alternatives according to descending Ti , i � 1, 2,…,m.

3.2 Extended TOPSIS approach

In the context of further analysis, A—is the set of EU countries,C—is the set of
variables (SD indicators), xi j is the value of j-th SD indicator for i-th country, I
the set of benefits (stimulants) and J the set of costs (destimulants). The problem
considered here is related to the notion of the ideal and the anti-ideal vectors and the
distances’ measures. In the classical TOPSIS procedure the coordinates of the ideal
and the anti-ideal vectors are represented by the maximum and minimum values of
options for all the criteria. To take into consideration EU targets and Member States’
individual targets,we introduced the notion of ideal and ani-ideal vector for i-th country
as reference values with target values as coordinates.

We assume that the decision maker defines the ideal and the anti-ideal vector for
each alternative (country) by comparing coordinates of those vectors with the extremes
defined as reference points by target points (benchmarks). Next, the target points were
used for the normalization procedure (4). Hence some steps in TOPSIS procedure
can be realized on other methodological assumptions. We adopt here the concept
of non-compensatory and compensatory fuzzy TOPSIS approach (Roszkowska and
Wachowicz 2015) and TOPSIS for real values (Roszkowska and Wachowicz 2016).

Let us denote by x−
i j , x

+
i j reference values (i.e. target values) for i-th alternative and

j-th criterion. Then Ii � [
x+i1, . . . , x

+
in

]
is the ideal vector and AIi � [

x−
i1, . . . , x

−
in

]

the anti-ideal vector for i-th alternative.
If for every i, kholds Ii � Ik , we get the common ideal vector, which we denote

by I � [
x+1 , . . . , x

+
n

]
. Consequently, if for every i, k holds AIi � AIk , then we get the
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common anti-ideal vector, which we denote by AI � [
x−
1 , . . . , x

−
n

]
. If moreover, we

define:

x+i j � x+j (see formula 2) (10)

x−
i j � x−

j (see formula 3) (11)

then the classical TOPSIS procedure holds. In general, target values x+i j or x
−
i j are

different from maxi xi j or mini xi j , where xi j is the value of j-th SD indicator for i-th
country.

If all alternatives are not worse than the anti-ideal AI and not better than the ideal
I ,

x−
i j ≤ xi j ≤ x+i j for every i, j (12)

the classical Euclidean distance measure is sufficient, we use the formula (7)-(8) and
consequently the aggregation formula (9).

Now we have to take into consideration two situations:

(a) the value xi j is over good, i.e.
xi j > x+i j or equivalently x̃i j > w j (13)

(b) the value xi j is under bad, i.e.
xi j < x−

i j or equivalently x̃i j < 0 (14)

where xi j is the value of j-th SD indicator for i-th country;x−
i j , x

+
i j—reference

values (target values) for i-th country and j-th SD indicator, x̃i j -is the weighted
normalized values of j-th SD indicator for i-th country (see formula 5), w j is a
weight of j-th criterion.

To deal with both situations we proposed two approaches: non-compensatory and
compensatory.

The non-compensatory approach (see also Roszkowska and Wachowicz 2015,
2016): In the non-compensatory approach we ignore the fact, that value xi j is outside
the interval [x−

i j,x
+
i j ]. Then the potential surplus value of such xi j over x

+
i j or shortages

in relation to x−
i j, will not be compensated in any way with the option values of other

criteria. Formally, the evaluation of the alternative Ai under the non-compensatory
approach will be carried out taking into account the non-compensatory normalized
weighted values

(
x̃i j

)
nc for this alternative, i.e.:

(
x̃i j

)
nc �

⎧
⎪⎪⎨

⎪⎪⎩

w j if x̃i j > w j

0 if x̃i j < 0

x̃i j otherwise

. (15)

where x̃i j—is the weighted normalized values of j-th SD indicator for i-th country
(see formula 5), w j is a weight of j-th criterion.
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The Euclidean distance measures
(
d+i

)
nc i

(
d−
i

)
nc of each non-compensatory nor-

malized weighted i-th alternative from PIS and NIS are used next:

(
d+i

)
nc �

√√√√
n∑

j�1

((
x̃i j

)
nc − w j

)2
, (16)

(
d−
i

)
nc �

√√√√
n∑

j�1

((
x̃i j

)
nc

)2
. (17)

where
(
x̃i j

)
nc is non-compensatory normalized weighted values of j-th SD indicator

for i-th country (see formula 15), w j is a weight of j-th criterion.

Step 8a Calculating the relative closeness (Ti )nc to the PIS.
For the i-th alternative we compute:

(Ti )nc �
(
d−
i

)
nc(

d−
i

)
nc +

(
d+i

)
nc

(18)

where 0 ≤ (Ti )nc ≤ 1, i � 1, . . . ,m.
Step 9a Ranking of all alternatives according to descending (Ti )nc.

Let us observe that the non-compensatory TOPSIS approach is related to strong
sustainability perspective, were we assumed that the targets for individual indicators
are complementary, but not interchangeable.

The compensatory approach (see also Roszkowska andWachowicz 2015, 2016):
The estimated alternatives may fully compensate for by options that go beyond the
values from the interval [x−

i j , x
+
i j ]. However, it is necessary in this case to give up the

idea of distance measurement. Therefore, the distance concept will be replaced by a
deviation concept that will allow to distinguish the aggregated positive and negative
deviations. The deflection measures the remoteness of a given alternative from the PIS
but distinguishes whether the remoteness is favorable (the option of the alternative
exceeds the PIS) or unfavorable (the option of the alternative is worse than the PIS)
from the point of view of the decision maker. In the first case, we can say about
a positive deviation, in the second—about a negative one. The deviations from NIS
are defined analogically. The aggregated deviations from PIS (

(
d+i

)
com) and NIS ((

d−
i

)
com) for the i-th evaluated alternatives are determined by the formulas:

(
d+i

)
com � q+i

√∣∣∣
∑n

j�1
q+i j

(
x̃i j − w j

)2∣∣∣, (19)

(
d−
i

)
com � q−

i

√∣∣∣
∑n

j�1
q−
i j

(
x̃i j

)2∣∣∣, (20)

where q+i j (q
−
i j ) is an indicator of the direction of a single-criterion deviation from PIS

(NIS) formulated by:

q+i j �
{

1 if w j > x̃i j
−1 if w j ≤ x̃i j

, (21)
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q−
i j �

{
1 if x̃i j > 0

−1 if x̃i j < 0
, (22)

and q+i (q−
i )-an indicator of the direction of the deviation aggregated from PIS (NIS):

q+i �
{

1 if
∑n

j�1 q
+
i j

(
x̃i j − w j

)2
> 0

−1 otherwise
, (23)

q−
i �

{
1 if

∑n
j�1 q

−
i j

(
x̃i j

)2
> 0

−1 otherwise
(24)

where x̃i j—is the weighted normalized values of j-th SD indicator for i-th country
(see formula 5), w j is a weight of j-th criterion.

Step 8b Calculating the relative closeness (Ti )com to the PIS.
For the i-th alternative we compute:

(Ti )com �
(
d−
i

)
com(

d−
i

)
com +

(
d+i

)
com

(25)

where 0 ≤ (Ti )com ≤ 1, i � 1, . . . ,m.
Step 9b Ranking of all alternatives according to descending (Ti )com .

Let us note, that the compensatory TOPSIS approach is related to weak sustain-
ability perspective, where we assumed that the targets for individual indicators can be
substituted.

4 Material and data

The Europe 2020 strategy is the EU’s agenda which emphasizes smart, sustainable and
inclusive growth to overcome the structural weaknesses in Europe’s economy, improve
its competitiveness and productivity and develop sustainable social market economy.
The educaon and training are “the heart of the Europe 2020 strategy” and important
policy componentswhic“are seen as key drivers for growth and jobs” (Eurostat 2017b).
Taking into consideration the “smart growth” priority the objectives were adopted to
address the phenomenon of early school leaving and raise the level of higher education.
As mentioned before, the Europe 2020 strategy sets out two targets: reducing the share
of early leavers of education and training to less than 10% and increasing the share
of the population aged 30–34 having completed tertiary or equivalent education to
at least 40% by 2020 (European Commission 2014). Taking into account national
circumstances, the overall EU education targets have been translated into national
targets by EU Member States (Eurostat 2017c).

Upper secondary education is considered as the minimum desirable educational
attainment level for EU citizens. People who finished their education early more often
undertake unstable or low-paid jobs, social welfare benefits, are less likely to be
“active citizens” or engage in adult education. Higher education gives opportunity
for better paid and stable employment, which in turn reduces the risk of poverty or
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social exclusion. Tertiary education combined with research and innovation, provides
highly qualified human capital. The lack of these skills is a barrier to economic growth
and employment in condition of fast technological progress and global competition
(Eurostat 2017b).

The two Europe 2020 education targets also feature as EU benchmarks under the
Strategic Framework for ET 2020. In addition, there are other five quantitative bench-
marks to fulfill by 2020:

– at least 95% of children between the age of four and the age for starting compulsory
primary education should participate in early childhood education

– the share of low-achieving 15-year olds in reading, mathematics and science should
be less than 15%

– the share of graduates (20–34-year olds) having left education and training in the
past one to 3 years who are employed and not in any further education and training
should be at least 82%

– an average of at least 15% of adults should participate in learning
– an EU average of at least 20% of higher education graduates and of at least 6% of
18–34 year olds with an initial vocational qualification should have spent some time
studying or training abroad.

The Europe 2020 educational targets are monitored with the two headline indica-
tors: early leavers from education and training [sdg_04_10] and tertiary education
[sdg_04_20] (Eurostat database). Other SDG indicators are also used to moni-
tor progress towards additional benchmarks set under ET 2020. These indicators
include participation in early childhood education [sdg_04_30], underachievement
in reading, maths, science [sdg_04_40], employment rates of recent graduates
[sdg_04_50] and adult participation in learning [sdg_04_60] (Eurostat database).
The set of all SDG 4 indicators allows for looking at educational attainment in general
and its impacts on the labour market. We start with early school leaving and next
followed by the typical educational pathway, starting with early childhood education,
followed by the acquisition of basic skills (reading, maths and science) leading to
tertiary education and adult participation in learning (Eurostat 2018).

It is worth noting that the EU’s educational targets are also interlinkedwith the other
Europe 2020 goals as higher educational attainment improves employability, which in
turn reduces poverty. In particular, the tertiary educational target is interrelated with
research and development (R&D) and innovation target as investment in the R&D
sector (see, e.g. Knight 2005; De Wit et al. 2015; Albareda-Tiana et al. 2018).

The list of indicators with EU targets used in analysis is presented in Table 1,
definition of indicators can be found (Eurostat 2018).

5 Results

The empirical study is to evaluate the implementation of the Europe 2020 strategic
goals in the education area in the EU member states in 2015. Using SDG 4 indica-
tor data, we created some composite indexes of sustainability related to education,
based on extended TOPSIS procedure. The main function of those indexes is check-
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Table 1 The list of SDG4 indicators and EU targets. Source: Eurostat (EU-LFS 2016 for 1, 2, 5 and 6; UOE
2015 for 3) & OECD (PISA 2015 for 4)

No Indicator EU target

C1 Early leavers from education and training—% of population aged 18–24
[sdg_04_10] (D)

Below 10%

C2 Tertiary educational attainment—% of population aged 30–34 [sdg_04_20] (S) At least 40%

C3 Participation in early childhood education—% of the age group between
4-years-old and the starting age of compulsory education [sdg_04_30] (S)

At least 95%

C4 Underachievement in reading—% of 15-year-old students [sdg_04_40] (D) Less than 15%

C5 Underachievement in maths—% of 15-year-old students [sdg_04_40] (D) Less than 15%

C6 Underachievement in science—% of 15-year-old students [sdg_04_40] (D) Less than 15%

C7 Employment rates of recent graduates—% of population aged 20–34
[sdg_04_50] (S)

At least 82%

C8 Adult participation in learning—% of population aged 25–64 [sdg_04_60] (S) At least 15%

ISCED 0� early childhood education; ISCED 1� primary education; 2� lower secondary education; 3�
upper secondary education; 4 � post-secondary non-tertiary education; 5 � short-cycle tertiary education;
6 � bachelor’s or equivalent level; 7 � master’s or equivalent level; 8 � doctoral or equivalent level.
S—denote stimulant (benefit criterion), D—destimulant (cost criterion)

T1
method

idea of “evaluation of 
educational goals”

classical approach based on the maximum and 
minimum values of SDG indicators

T2
method

idea of “realizing EU 
educational targets” approach based on EU targets

T3
method

idea of “realizing national
educational targets” approach based on national and EU targets

Fig. 1 TOPSIS models, suitable for evaluating the education domain

ing the ability to synthetically express the level of implementation of SDG 4 goals.
This objective is pursued using extended TOPSIS techniques, from the perspective of
rank-ordering countries, taking into consideration the idea of evaluation of educational
goals, realizingEUeducational targets, realizing national educational targets, respec-
tively. We assumed that national and EU targets can not be interchangeable, so only
non-compensatory TOPSIS procedure is used.

Three different TOPSIS models, suitable for evaluating the education domain from
three perspectives of ideal and anti-ideal understanding, i.e. classical approach based
on the maximum and minimum values of SDG 4 indicators, based on EU targets and
national targets are proposed (see Fig. 1). Our multi-dimensional approach enabled
comparisons across EU countries.

T1, T2 and T3 are the proposed methods of evaluation of EU countries in imple-
menting EU goals in the area of education addressing questions Q1–Q3 from the
introduction

The educational goals defined in the Strategy 2020 are measurable and comparable.
Therefore, a set of the Europe 2020 indicators SDG 4, from Table 1, adequately
describe the phenomenon of education by introducing appropriate load of information
into the analysis and sufficiently differentiate the classified objects. However, we found
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strong correlation between underachievement in reading, maths and science we
used all indicators from Table 1 for constructing composite indexes. Final set of data
for 28 EU countries in 2015 consisting of eight indicators, marked by symbols fromC1
to C8, together with national targets for C1 and C2, are presented in Table 2. National
targets for early leavers from education and training, range from 4% for Croatia to
16% for Italy and for tertiary education from 26% for Italy to 66% for Luxembourg
in 2015. Table 2 also shows that in 2015 eleven countries had already achieved their
national targets for early leavers from education and training and thirteen countries
for tertiary education. Table 2 also consists of main statistic parameters. Let us note
that the EU countries are the most differentiable with respect to adult participation
in learning (C8), and the least in participation in early childhood education (C3).

Assigning weights of indicators is an important part of sustainability analysis.
Gana et al. (2017) categorized the methods for weighting indicators into three groups:
(1) equal weighting, which means that all the indicators have the same weights,
(2) statistic-based weighting obtained from the statistical characteristics of the data
(OECD 2012) and (3) public/expert opinion-based weighting. Gana et al. (2017)
analyzed the characteristics, strengths and weaknesses of nine most commonly used
weighting methods, showing that among the 96 reviewed papers—46,88% adopted
equal weighting method. Also, Maggino and Ruviglioni (2009) noticed that equal
weighting was used in most of the applications. They said that “this happens mainly
when (i) the theoretical structure attributes to each indicator the same adequacy in
defining the variable to be measured, (ii) the theoretical structure does not allow
hypotheses to be consistently derived on differential weightings, (iii) the statistical
and empirical knowledge is not adequate for defining weights, (iv) the correct adop-
tion and application of alternative procedures do not find any agreement”. According
to (i), in this paper, the same weights for all indicators were adopted.

Table 3 summarizes the rankings of the EU countries obtained by using classical
TOPSIS procedure based on the maximum and minimum values of SDG 4 indicators
(T1), non-compensatory TOPSIS procedure based on UE targets (T2) and national
targets (T3), all with equal weights.

Additionally, taking into account the values of synthetic measure T, grouping of
EU countries was made. The following division allowed to distinguish the countries
according to different level of education development with respect to TOPSIS proce-
dures:

Group 1: T ∈ [
T + ST ,max{Ti }

]
represents a very high level of education devel-

opment,
Group 2: T ∈ [

T , T + ST
)
represents a medium–high level of education develop-

ment,
Group 3: T ∈ [

T − ST , T
)
represents a medium–low level of education develop-

ment,
Group 4: T ∈ [

min{Ti }, T − ST
)
represents a very low level of education develop-

ment,
where T ∈ {T 1, T 2, T 3}, T and ST are the average value and the standard deviation
of synthetic measures.
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Table 2 The data of 28 EU countries and national targets in 2015. Source: Authors’ compilation

Country C1 C2 C3 C4 C5 C6 C7 C8 National
Target C1

National
Target C2

Austria 7.3a 38.7 94.8 21.8 22.5 20.8 86.9a 14.4 9.5 38.0

Belgium 10.1 42.7a 98.3a 20.1 19.5 19.8 79.5 6.9 9.5 47.0

Bulgaria 13.4 32.1 89.2 42.1 41.5 37.9 74.6 2.0 11.0 36.0

Croatia 2.8a 30.8 73.8 32.0 19.9 24.6 62.9 3.1 4.0 35.0

Cyprus 5.2a 54.5a 89.6 42.6 35.6 42.1 68.9 7.5 10.0 46.0

Czech
Republic

6.2a 30.1 88.0 21.7 22.0 20.7 82.2a 8.5 5.5 32.0

Denmark 7.8a 47.6a 98.5a 13.6a 15.0 15.9 81.7 31.3a 10.0 40.0

Estonia 12.2 45.3a 91.9 11.2a 10.6a 8.8a 80.4 12.4 9.5 40.0

Finland 9.2a 45.5a 83.6 13.6a 11.1a 11.5a 75.5 25.4a 8.0 42.0

France 9.2a 45.0a 100.0a 23.5 21.5 22.1 72.4 18.6a 9.5 50.0

Germany 10.1 32.3 97.4a 17.2 16.2 17.0 90.4a 8.1 10.0 42.0

Greece 7.9a 40.4a 79.6 35.8 27.3 32.7 45.2 3.3 10.0 32.0

Hungary 11.6 34.3 95.3a 28.0 27.5 26.0 80.4 7.1 10.0 34.0

Ireland 7.0a 51.9a 97.7a 15.0 10.2a 15.3 77.7 6.3 8.0 60.0

Italy 14.7 25.3 96.2a 23.3 21 23.2 48.5 7.3 16.0 26.0

Latvia 9.9a 41.3a 95.0a 21.4 17.7 17.2 78.8 5.7 10.0 34.0

Lithuania 5.5a 57.6a 90.8 25.4 25.1 24.7 82.1a 5.8 9.0 48.7

Luxembourg 9.3a 52.3a 96.6a 25.8 25.6 25.9 84.7a 18.0a 10.0 66.0

Malta 19.8 27.8 100.0a 29.1 35.6 32.5 95.1a 7.2 10.0 33.0

Netherlands 8.2a 46.3a 97.6a 16.7 18.1 18.5 88.2a 18.9a 8.0 40.0

Poland 5.3a 43.4a 90.1 17.2 14.4a 16.3 77.4 3.5 4.5 45.0

Portugal 13.7 31.9 93.6 23.8 17.2 17.4 72.2 9.7 10.0 40.0

Romania 19.1 25.6 87.6 39.9 38.7 38.5 68.1 1.3 11.3 26.7

Slovakia 6.9a 28.4 78.4 27.7 32.1 30.7 75.2 3.1 6.0 40.0

Slovenia 5.0a 43.4a 90.5 16.1 15.1 15.0 71.5 11.9 5.0 40.0

Spain 20.0 40.9a 97.7a 22.2 16.2 18.3 65.2 9.9 15.0 44.0

Sweden 7.0a 50.2a 95.0a 20.8 18.4 21.6 85.9a 29.4a 7.0 45.0

United
Kingdom

10.8 47.9a 100.0a 21.9 17.9 17.4 85.7a 15.7a 10.0 40.0

Mean value 9.8 40.5 92.4 23.9 21.9 22.6 76.3 10.8

Standard
deviation

4.5 9.2 6.9 8.4 8.4 8.3 11.3 8.0

Variability
coeffi-
cient

45.5 22.8 7.4 35.2 38.5 36.5 14.8 74.5

aThe EU target is fulfilled

The classification of countries with respect to the measures T1–T3 is presented in
Table 4.

Answering question Q4, we can observe that the results demonstrate significant
disparities in the level of implementation of the Strategy 2020 in education area across
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Table 3 The values and rank-ordering EU countries obtained by TOPSIS measures. Source: Authors’ com-
pilation

Country T1 Range T2 Range T3 Range Difference
T2–T1

Difference
T3–T1

Denmark 0.804 1 0.979 1 0.988 1 0.174 0.184

Sweden 0.756 2 0.884 5 0.884 4 0.128 0.128

Netherlands 0.734 3 0.936 2 0.936 2 0.203 0.202

Finland 0.696 4 0.821 8 0.818 8 0.125 0.123

Ireland 0.694 5 0.801 10 0.788 10 0.107 0.094

United
Kingdom

0.689 6 0.899 3 0.899 3 0.210 0.210

Estonia 0.681 7 0.862 4 0.881 5 0.181 0.200

Slovenia 0.659 8 0.859 6 0.859 6 0.200 0.200

France 0.640 9 0.821 9 0.806 9 0.181 0.167

Luxembourg 0.638 10 0.782 12 0.754 14 0.144 0.116

Austria 0.630 11 0.851 7 0.855 7 0.221 0.225

Poland 0.620 12 0.738 15 0.732 16 0.117 0.111

Germany 0.615 13 0.770 14 0.759 13 0.155 0.144

Belgium 0.608 14 0.786 11 0.772 12 0.178 0.163

Lithuania 0.598 15 0.700 17 0.700 18 0.102 0.102

Latvia 0.596 16 0.772 13 0.772 11 0.176 0.176

Czech Republic 0.542 17 0.686 18 0.742 15 0.143 0.200

Portugal 0.528 18 0.706 16 0.706 17 0.178 0.178

Spain 0.524 19 0.650 20 0.640 20 0.125 0.116

Hungary 0.487 20 0.656 19 0.688 19 0.169 0.201

Cyprus 0.435 21 0.505 22 0.505 22 0.070 0.070

Malta 0.435 22 0.473 24 0.486 24 0.038 0.051

Italy 0.432 23 0.520 21 0.557 21 0.089 0.126

Croatia 0.424 24 0.485 23 0.502 23 0.061 0.079

Slovakia 0.379 25 0.471 25 0.464 25 0.092 0.085

Greece 0.336 26 0.462 26 0.462 26 0.126 0.126

Bulgaria 0.297 27 0.401 27 0.425 27 0.104 0.128

Romania 0.229 28 0.285 28 0.298 28 0.055 0.068

The order of positions was determined according to the ranking obtained by means of T1

EUcountries.Moreover, the following analysis also provides the answer to the question
Q5.

We have found that according to composite index T1, the countries characterized by
a very high level of implementation of educational goals in 2015were:Denmark—with
a value of 0.804, Sweden—0.756 and the Netherlands—0.734. The largest group,
consisting of 13 countries was composed of countries with medium–low levels of sus-
tainable development. Eleven countries included in the group 1 and 2 are the countries
of the so-called „old EU”, five (Estonia, Slovenia, Poland, Lithuania, Latvia) are the
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Table 4 Classification of countries with respect to the measures T1–T3. Source: Authors’ compilation

Level of education
development

T1 method T2 method T3 method

Very high Denmark, Sweden,
Netherlands

Denmark, Sweden,
Netherlands, United
Kingdom

Denmark, Sweden,
Netherlands, United
Kingdom, Estonia

Medium–high United Kingdom,
Finland, Ireland,
Estonia, Slovenia,
France,
Luxembourg,
Austria, Poland,
Germany, Belgium,
Lithuania, Latvia

Finland, Ireland,
Estonia, Slovenia,
France,
Luxembourg,
Austria, Poland,
Germany, Belgium,
Lithuania, Latvia,
Portugal

Finland, Ireland,
Slovenia, France,
Luxembourg,
Austria, Poland,
Germany, Belgium,
Lithuania, Latvia
Portugal, Czech
Republic

Medium–low Czech Republic,
Portugal, Spain,
Hungary, Cyprus,
Malta, Italy, Croatia

Czech Republic,
Spain, Hungary, Italy

Spain, Hungary, Italy

Very low Slovakia, Greece,
Bulgaria, Romania

Cyprus, Malta,
Croatia, Slovakia,
Greece, Bulgaria,
Romania

Cyprus, Malta,
Croatia, Slovakia,
Greece, Bulgaria,
Romania

countries that joined the Union in 2004. The regions characterized by the lowest level
of implementation of educational goals (Group 4) were: Bulgaria (0.290), Romania
(0.229), Greece (0.336) and Slovakia (0.379).

During the next stage of the research, we built the rankings based on extended
TOPSIS method with EU targets (T2) and national targets (T3). We observed a greater
spread between the highest and the lowest values in these rankings. Both of them, once
again, highlighted Denmark (0.988) as the region with the highest level of realization
of education goals from the perspective of EU or/and national targets. The next three
positions were taken by the Netherlands (0.936), the United Kingdom (0.899) and
Sweden (0.884). These four mentioned countries are characterized by high (from 4
to 6) numbers of realized EU education targets. As a consequence, they were placed
in the Group 1. In the case of T3 method, Estonia (which also reached 4 EU targets)
can be found in the group represented by a very high level of education development.
The last two places in rankings were allocated to the same states as in the first ranking
(T1): Bulgaria (0.425 for T3 and 0.401 for T2), Romania (0.298 for T3 and 0.285 for
T2). Both countries are characterized by a zero number of realized EU educational
targets. With the exception of these two countries and Portugal, the other EU countries
have realized at least one EU goal. In the case of classification by means of T2 and
T3 methods besides Slovakia, Greece, Bulgaria and Romania, also Cyprus, Malta
and Croatia were placed in the group of countries with a very low level of education
development. Except Greece, all of them are the countries of so-called “new EU”.

It is worth mentioning, that the national targets are considered only for two (C1
and C2) among eight studied indicators. It caused rather small differences between
the rankings obtained by means of T2 and T3 methods. The range of assumed national
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targets was from 4 (Croatia) to 16 (Italy) for the indicator C1 (when the EU target
is below 10) and from 26 (Italy) to 66 (Luxemburg) for the indicator C2 (while the
EU target is at least 40). Lower assumed national targets were a reason of a higher
position of the country in the ranking used by T3 in comparison with the ranking based
on T2. It concerned Latvia and Czech Republic. In the classification with respect to the
measure T3, Czech Republic was in the group of the countries with a medium–high
level of education development. On the other hand, the ambitiously assumed national
targets can influence lower position in the ranking. It happened in case of Luxembourg,
Poland and Belgium.

While analyzing positions of EU countries, in the overall classification obtained
by different TOPSIS procedures, it has to be emphasized that some EU countries
improved, while others worsened their position in the ranking. Comparing values
of T2 and T1, three countries improved their values the most: Austria (0.221), the
United Kingdom (0.210) and the Netherlands (0.203) which resulted in an increase of
the position in the ranking: Austria (4 positions), the United Kingdom (3 positions),
the Netherlands (1 position). The smallest increase in the value of the indicator was
recorded forMalta (0.038) (decrease by 2 positions) andRomania (0.055), which takes
the last position in all rankings. The largest drop (from 5th position to 10th position)
was recorded for Ireland with a small increase by the 0.107 index value.

Comparing values of T3 and T1, the same three countries improved their values
the most: Austria (0.225), the United Kingdom (0.210) and the Netherlands (0.202).
These changes of the values were translated into the same increase of position in the
ranking: Austria (4 positions), the United Kingdom (3 positions), the Netherlands (1
position). However, the largest increase in the ranking was observed for Latvia (5
positions), with a moderate change in the value of the indicator (0.176). The smallest
increase in the value of the indicator was recorded for Malta and for Romania. The
largest drop in the position was recorded also for Ireland with a small increase by the
0.09 index value.

Figure 2 presents graphical representation and comparison of the results obtained
by TOPSIS procedures and confirms diversity among the countries.

The spread in case of three applied methods is as follows: 0.575 (for T1), 0.690 (for
T2), 0.694 (for T3). The Pearson’s correlation coefficients between the used methods
is as follows: r(T1,T2) � 0.978, r(T1,T3) � 0.970, r(T2,T3) � 0.996 and all are
statistically significant (p<0.05).

The analysis allowed to answer all questions stated in the introduction. Obtained
results show vast differences between EU countries as far as education is concerned.
The results show educational leaders among EU countries but also reveal that some
of them still have much to do in this area.

6 Conclusion

This article describes how two main scientific goals are achieved through our
research. The first goal of this study is to propose a new methodological frame-
work based on extended TOPSIS, which integrates assessment of sustainability goals
taking into consideration target levels. The classical TOPSIS formula aggregates all
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Fig. 2 Comparison of rankings obtained by means of methods T1–T3

criteria in a unique value which implies full compensation among them (bad perfor-
mance in some criteria can be made up by good performance in the others). Two
extensions of TOPSIS procedure, in the form of distinction between “weak sus-
tainability” (compensatory TOPSIS) and “strong sustainability” (non-compensatory
TOPSIS) were presented. As far as we are aware, there are no other studies which
have proposed a multi-criteria methodology that can be applied to measure sus-
tainable development allowing an integrated sustainability assessment and taking
into account both compensatory and non-compensatory approach in the context of
target points. For completeness in this paper, theoretical concept of compensatory
and non-compensatory sustainability approach is explained. However, we only used
the concept of non-compensatory approach in our case study. From the method-
ological point of view, both approaches can lead to interesting results and they
are worth further analyses. Moreover, the extended TOPSIS procedures are easy to
understand and the evaluation is clear and transparent. The proposed extensions of
TOPSIS algorithm allow us to conduct a complex evaluation of EU countries. Our
results show that TOPSIS technique is the right approach to sustainability assess-
ment.

The second goal of this paper is the multiple-criteria analysis of the level of imple-
mentation of the Europe 2020 strategy recommendations and the spatial diversity
of EU countries in the area of education in 2015. The obtained results have cer-
tain practical implications. In 2015, the European Union has reached the halfway
point in the implementation of the Europe 2020 strategy. The extended TOPSIS
procedures allow for the analysis of the disparities of EU countries in the field of
education. The study also resulted in a number of findings related to the method of
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measuring the level of implementation of Strategy 2020 in education area. The multi-
criteria model for evaluation of education has been developed with respect to the
sustainable development educational goals of EU or national targets. In the literature
on the subject there are no clear indications as to the level of impact of individual
indicators SDG 4 on the implementation of Strategy 2020. For this reason, all indi-
cators were treated with the same importance and the same weight was assumed.
However, the problem of different weights is interesting (see also Gana et el 2017;
Maggino and Ruviglioni 2009) and should be taken into consideration in the future
research. The study confirmed the strong disparities between EU Member States.
The results of the study can be used by the European Commission as well as the
appropriate institutions of the countries to evaluate the progress made in education
domain.

This paper suggests new directions for further studies where we will be able to
monitor the impact on the development of the country taking into consideration the
national or EU targets and measuring sustainable development in other areas based
on SGD set of indicators. Further studies will be dedicated to the analysis of regional
characteristics that will allow to explain the value of the synthetic measure.
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