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Abstract. Quality of Life (QoL) is a multidimensional phenomenon concerned with the overall well-being of a society or an individual. The indicator-based approach to measuring QoL has attracted the attention of both researchers who propose composite
indexes and policy creators who eventually use their results in the process of decision making. To overcome the observed disadvantages of the currently devised composite indexes on QoL, herein we propose a composite index which ranks European Union
(EU) member states based on the subjective satisfaction indicators measured by Eurostat. The statistical multivariate analysis on
which we base our proposed framework are the Principal Component Analysis (PCA) and the hybrid enhanced Scatter Search
Composite I-Distance Indicator (eSS-CIDI) approach which we devised. Our approach could be a foundation for an appropriate
framework for ranking EU member states based on the self-evaluated quality of life using a weighting scheme which guaranties
high stability of ranks and is free from objectively formed weights.
Keywords: Quality of life, Composite index, European Union, Composite I-distance Indicator methodology, enhanced Scatter
Search

1. Introduction
The understanding and measurement of human life
experience has puzzled and is still puzzling individuals, scientists, and even governments. The term quality of life (QoL) is used to envelop overall life experience of an individual and its personal well-being [1].
QoL can also be defined as the perceived satisfaction
or dissatisfaction in various life domains of individuals
or groups [2]. Therefore, QoL is a multidimensional
concept which encompasses more than just economic
power and living standards of individuals [3].
One of the widely popular means to measure the
QoL is through GDP, as to one point, as GDP increases,
the overall QoL increases [4]. However, the key part of
the previous sentence is “to one point” meaning there
might be segments of life which are not covered by
GDP. Namely, its creator, Kuznets [5] wanted GDP
to be a precise and highly specialized tool, devised to
quantify only a narrow segment of society’s activity,

the marketed economic activity. As such, the GDP is
ignorant of natural, social, and human components of
community capital which make a vital part of an individuals’ quality of life [4]. Therefore, novel measurements the QoL have emerged.
So far, experts have suggested two types of measurement: the “objective” and “subjective” measurements. The first ones are based on social, economic,
and health indicators such as the indicator Life expectancy at birth [3]. On the other hand, “the subjective” measurements rely on the personal experience of
the respondents, such as their observed degree to which
a particular need was met [2]. Although subjective indicators have been criticized for their methodological
flaws, Diener and Lucas [6] provide convincing proof
these indicators can be a trustworthy measure of people’s perceived well-being and QoL.
As governing bodies came aware of the importance
of their citizens’ self-observed QoL, the QoL slowly
but surely became a topic on which countries, regions
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or even cities could be ranked. A mean of ranking
which has seen immense development and application,
in particular in the public sector, is the use of composite indexes [7]. The long history of QoL composite indexes dates from 1970’s and the Physical Quality of Life Index devised by Morris [8]. He took into
account three indicators, life expectancy, infant mortality, and literacy. United Nations Development Programme (UNDP) stood out as a global organization
which in 1990 issued a composite indicator on QoL:
the Human Development Index (HDI) [9]. Bérenger
and Verdier-Chouchane [10] proposed a composite index of well-being in African countries. More recently,
Somarriba and associates [11] ranked European Union
(EU) member states using 31 indicators and applying
a statistical multivariate P2 distance. We can conclude
that composite indexes in the field of QoL are still being devised, that the number of indicators varies and
that their methodologies are sometimes based on complex statistical analysis.
The EU also acknowledged that the GDP, as a standalone indicator does not provide sufficient information on how well (or bad) European citizens live [12].
Therefore, the EU initiated the collection of subjective
indicators to complement the conventional measures
of QoL [13]. The aim of this research is to propose
a novel composite index which will rank EU member
states based on the perceived satisfaction with the QoL
of their citizens using the official data collected by Eurostat. We name the proposed index the European Index of Life Satisfaction (EILS). The EILS should overcome the three observed disadvantages of the currently
devised composite indicators of QoL. First, the problem of including just objective indicators in the composite index framework. Second, the issue of high rank
instability, and finally, the potential bias in the weighting process.
The work is structured as follows. Section two deals
with the framework of the proposed EILS and the QoL
indicators published by Eurostat which were chosen
to rank EU member states. Section three sets out the
proposed weighting methodology, the enhanced Scatter Search Composite I-distance Indicator (eSS-CIDI)
approach. The next section sees the obtained results,
while the discussion and the concluding remarks are
provided in the final chapter.

the satisfaction with life of their citizens, we propose
the novel European Index of Life Satisfaction (EILS).
As the definition of the concept of QoL is far from
easy [11], the process of indicator selection was not a
straightforward process. Although there are many QoL
indicators available from various renowned databases,
according to the aim of the EILS, the best choice of
indicators were the subjective QoL indicators devised
and collected by the Eurostat [13].
The statistical unit for the observed indicators were
individuals living in private households aged 16 and
more. According to the European Union Statistics on
Income and Living Conditions (EU-SILC) target population, persons living in collective households and in
institutions are generally excluded from the target population and therefore were not surveyed. All indicators
were collected just once in 2013 [13]. All observed indicators are measured on a scale from 0 to 10 where 0
means not at all satisfied and 10 completely satisfied.
Therefore, there was no need to normalize the indicator
values prior to weighting and aggregation.
The first two indicators chosen to measure the QoL,
Satisfaction with finances and Housing satisfaction,
are related to material living conditions. These indicators are collected as material living conditions might
constrain an individual in his or hers pursue of needs
and wishes [3]. According to the Eurostat [3], it is important to know how satisfied the EU residents are with
their occupation as it may undermine one’s life satisfaction. Therefore, we include the indicator Job satisfaction. The next indicator which measures a satisfaction of a QoL dimension is Satisfaction with time use.
Since the 1990’s there is recognition that understanding of individuals’ time use is central to the measurement and prediction of QoL [14]. The literature also
marked personal relationships as an important factor
which influences the overall QoL [15] so the indicator
Satisfaction with personal relationships was included
in the framework. The EU also believes that the trust
in government institutions is closely associated with
overall life satisfaction so they issued the collection of
the indicator Trust in the legal system which we also
take into account [3]. Finally, we include Satisfaction
with living environment as Keles [16] in his study explored and showed the relation between QoL and environment.

2. European Index of Life Satisfaction (EILS)

2.1. Suggested EILS framework

Within the aim of the paper to provide an appropriate
framework for evaluating EU member states’ QoL and

The usually cited steps in the process of creating
a composite index that attract the attention of experts
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are the index structure, the normalization type, and the
weighting scheme [17]. As all the observed indicators
are on the scale from 0 to 10, there was no need for
normalization prior to weighting and aggregation. To
resolve the remaining issues, we suggest the Principal Component Analysis (PCA) to propose the index
structure and the eSS-CIDI approach for determining
indicator weights. The EILS framework is presented in
Fig. 1.
As the PCA is a widely known and commonly applied statistical analysis, in the following section we
will put emphasis on the eSS-CIDI approach which we
propose.

3. Enhanced Scatter Search – Composite
I-distance Indicator (eSS-CIDI) approach
Our intention is to devise data-driven weights which
will create a stable composite index. The stability of a
composite indicator is measured through the standard
deviation of relative contributions of indicators [18].
The formula is given as [19] where the relative contribution vir represents the relative contribution of indicator i to the overall index value of entity r, xir is the
value of indicator i for entity r and wi is the weight
assigned to indicator i:
vir =

xir wi
k
P
xjr wj

(1)

j=1

The optimization problem that this research attempts
to solve is as formulated below:
Minimize (a) Sum of standard deviations of relative
contributions of composite index indicators
Subject to: (b) Bootstrap CIDI results
(c) Sum of weights must equal 1
To constraint the optimization model we propose
the bootstrap CIDI methodology. The Composite Idistance methodology (CIDI) is a recently developed
methodology for creating composite indexes using the
results of the widely applied I-distance method [20,
21]. Namely, the I-distance method has many benefits (e.g. [22]) but it represents the distance of an observed entity from a fictive entity what makes it difficult to compare. Also, there was a growing need to take
into account the issues of sensitivity and uncertainty
and to compare the data-driven weights and the official weights. Therefore, the CIDI methodology, which
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overcomes the perceived stepping stone and creates a
comparable composite index, using the weights which
derive from the I-distance method was created [18].
In a typical application of the CIDI methodology,
the researcher would obtain a single data-driven CIDI
weighting scheme. But, by performing bootstrap and
repeating the CIDI methodology on bootstrap samples, one obtains a confidence interval for each weight,
which could be used as weight constraint. Here we
opted for the m out of n bootstrap without replacement [23]. To choose the subsample size, the m, we
used the 0.632 · n which showed good results [24],
while we conducted 1000 bootstrap repetitions. After
repetitions, we obtained the minimal, maximal, and
mean value of CIDI weights and its standard deviations.
The enhanced Scatter Search (eSS) algorithm which
we propose to implement in our study to solve the optimization problem aims to find the balance between intensification (local search) and diversification (global
search) using a small population size, more search
directions, and an intensification mechanism in the
global phase [25]. Therefore, eSS stands out for its
good balance between robustness and efficiency in the
global phase and couples with a local search procedure
to accelerate the convergence to optimal solutions. The
eSS has proved to be an efficient metaheuristic in solving complex-process optimization problems from different fields, providing a good compromise between
diversification (exploration by global search) and intensification (local search) [26].
Finally, the objective function of the optimization
problem solved using the eSS metaheuristic is given as
follows:
k
X
Min
σVi
(2)
i=1

Subject to
wi 6 wmax i

(3)

wi > wmin i

(4)

k
X

wi = 1

(5)

i=1

wi > 0 ∀i

(6)

Where σVi is the standard deviation of relative contribution of indicator i, and wmax i and wmin i are
the maximum and minimum weight of indicator i obtained after bootstrap CIDI. The minimum and maximum bootstrap CIDI weights have been chosen as constraints as suggested in Radojicic et al. [27].
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Table 1
Descriptive statistics of the observed indicators
Indicator
Satisfaction with finances
Housing satisfaction
Job satisfaction
Satisfaction with time use
Satisfaction with personal relationships
Trust in the legal system
Satisfaction with living environment

Mean
5.911
7.514
7.250
6.829
7.879
4.736
7.225

Min
3.7
6.0
6.0
5.7
5.7
2.7
5.2

Max
7.6
8.4
8.1
7.8
8.6
7.5
8.4

Std
1.018
0.578
0.478
0.455
0.577
1.292
0.787

Fig. 1. The proposed EILS framework.

4. Results
The dataset on which the analysis was performed
contained all indicator values for 28 EU member states
collected for the year 2013. As the dataset was already
normalized, the first step in our analysis was to analyse the collected data. The descriptive statistics of the
seven observed indicators is given in Table 1.
The mean indicator values show that EU citizens are
medium satisfied with five dimensions, while they expressed low satisfaction with finance and the level of
trust in the legal system. The EU member states citizens are most satisfied with their relationships (7.879),
while they are least satisfied with the legal system
(4.736). The standard deviation of the indicator Satisfaction with time use is the lowest, just 0.455, followed
by the standard deviation of indicator Job satisfaction,
0.478. Low standard deviation of these indicators indicates there is small difference in satisfaction between
EU member states on these two topics. The indicator
which attracts attention is the Trust in the legal system
for two reasons. First, it is the indicator for which the
lowest level of satisfaction has been measured, just 2.7
in Slovenia and second, the standard deviation of this
indicator is the highest, 1.292, meaning that the values
of this indicator vary more.
The next step in our analysis was to perform the
PCA. The Kaiser-Meyer-Olkin Measure of Sampling
Adequacy of 0.817 indicates that the variable selection
is acceptable for factor analysis [28]. The obtained p
value below 0.05 of Bartlett’s test of sphericity showed
that the variables are suitable for analysis. The factor
analysis with the PCA extraction was conducted. For

the interpretation, only eigenvalues greater than one
were regarded [17]. The analysis suggested the retention of one dimension which explains 79.414% of variability. This result indicates that the chosen seven indicators should be aggregated into a single dimension.
To additionally analyse the chosen indicators, correlation analysis was performed. The obtained Pearson’s
correlation coefficients between indicators are all positive and statistically significant. It varies from 0.475
(correlation between Trust in the legal system and Satisfaction with personal relationships) to 0.897 (correlation between Job satisfaction and Satisfaction with
time use). If the correlation between the indicators is
high and in the same direction, then it is likely that they
share common factors [17]. The above-presented results again go in hand that the indicators should be aggregated into one composite index. Therefore, we proceed with the application of the eSS-CIDI algorithm.
The first step in the algorithm was to perform the
bootstrap CIDI. We performed 1000 iterations with a
sample size of 18 (28 · 0.632 = 17.696 ≈ 18). The
confidence intervals obtained are given in Table 2. If
the indicators were weighted equally, they would have
been awarded weights of 14.3%. If we take a closer
look on the obtained intervals, we can conclude that the
equal weighting scheme possibility is covered. This is
important, as that option is not completely discarded,
and technically, it is possible for the eSS to assign
equal weights if those lead to the minimal sum of standard deviation of relative contributions of indicators.
In the following step the eSS was performed and
the results are also given in Table 2. The most important indicator for the ranking process is Satisfaction
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Table 2
The min and max bootstrap CIDI weights and weights suggested by the eSS-CIDI approach
Indicator
Satisfaction with finances
Housing satisfaction
Job satisfaction
Satisfaction with time use
Satisfaction with personal relationships
Trust in the legal system
Satisfaction with living environment

wmin i
13.6%
12.0%
12.5%
14.3%
9.1%
10.7%
10.8%

wmax i
17.9%
16.4%
17.0%
17.7%
14.3%
16.6%
17.9%

wi
13.6%
16.4%
17.0%
17.7%
13.8%
10.7%
10.8%

Table 3
Top and bottom EU member states ranked by the EILS
EU member state
Denmark
Finland
Austria
Sweden
Netherlands
Luxembourg
Belgium
United Kingdom
Ireland
Malta

Score
8.03
7.90
7.69
7.67
7.63
7.28
7.17
7.13
7.10
7.01

Rank
1
2
3
4
5
6
7
8
9
10

with time use, with 17.7% importance, followed by a
glimpse less important Job satisfaction, 17.0%. On the
other hand, the least significant indicator is the Trust
in the legal system, just 10.7%. As it can be observed,
the eSS did not assign equal weights to indicators although it could have. The suggested weighting scheme
could be interpreted that for a high satisfaction with the
QoL it is of value to be satisfied with the job which
enables the individual to provide himself with the adequate housing and leaves him with enough free time
for leisure and social activities.
After the weights have been devised the values of the
EILS were computed. The top and bottom 10 ranked
EU member states, EILS score and rank are provided
in Table 3.
Table 3 shows that Denmark and Finland top the
list, with Austria close behind. As expected, the northern EU member states dominate the rankings, as they
take three out of top four ranking places. We can see
that Bulgaria and Croatia, as more recent EU member
states, found their place at the bottom of the list. Also,
the scores placed Greece, Italy and Spain in the lower
part of the ranking. In a way, such a result could have
been expected, as these countries have been severely
hit by the economic crisis [29] which had an effect on
their QoL and life satisfaction. Interestingly, Romania,
although a recent Member State is ranked 14th . Although it has lower satisfaction with finances as also
shown by [30] it has high satisfaction with personal relations and housing. Some of the reasons for such an

EU member state
Slovak Republic
Latvia
Cyprus
Spain
Hungary
Italy
Portugal
Croatia
Greece
Bulgaria

Score
6.66
6.64
6.52
6.51
6.44
6.32
6.23
6.16
5.86
5.19

Rank
19
20
21
22
23
24
25
26
27
28

occurrence might be from the effects of the fall of the
iron curtain and the more freedom the citizens are having [31].

5. Discussion and conclusion
Countries worldwide are slowly but surely shifting
their policy goals from purely economic to social ones.
For example, the kingdom of Bhutan made “gross national happiness” their policy goal [32]. The EU also
acknowledged the importance of QoL and social matters and therefore conducted a survey among its citizens to inspect the level of their satisfaction with the
current well-being. Herein, we proposed an approach
based on official statistics, statistical analysis and optimization method which could help EU member states
provide better life to their citizens.
To create the novel European Index of Life Satisfaction (EILS) we took a two-fold approach. First, we applied the PCA to determine the number of dimensions
to retain, and second, we conducted the proposed eSSCIDI approach. The PCA suggested to aggregate the
chosen indicators into one dimension. The eSS-CIDI
approach suggested unequal weights, whereas the most
important indicator for the ranking procedure is Satisfaction with time use.
Our findings make several distinct contributions.
First, herein we propose a novel composite index for
ranking EU member states using official statistics. Sec-
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ond, we show how can the eSS-CIDI be used in the
process of creation a novel composite index. Finally,
we provide a ranking list of countries which is based on
multiple indicators and is free from expert opinion and
potential bias. Above all, the obtained results could be
easily used by decision makers and government representatives.
During our research, we identified three future directions of study: framework modification, the application of a hybrid weighting approach, and employment of different weight constraints. The current index consists of seven indicators, but the Eurostat publishes more than 30 indicators on QoL. Most of those
indicators are objective and their inclusion in the index framework would be according to the suggestion
of Costanza et al. [2] who proposed the use of both
subjective and objective indicators of QoL. Next, recent research showed that when it comes to weighting, several different weighting methods should be employed [33]. Therefore, if the EILS framework is to
be expanded and the structure of the index is to become two-fold, hybrid weighting approach could be
employed [34]. Finally, as the weight constraints of the
eSS we used the min and max weights acquired after the bootstrap CIDI. Nevertheless, there are other
approaches to constraints. For example, Radojicic et
al. [35] used ± 3 σ and ± 6 σ intervals around CIDI
weights as constraints for DEA weights. Also, the upper and lower weight bounds could be devised by experts.
Based on the foregoing, we believe that the newly
proposed eSS-CIDI approach for the construction of
composite indices, here employed to create a ranking
of EU member states, can initiate further research in
the field of composite index creation, weighting procedure and QoL composite indexes.
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Išljamović S, Jeremic V, Petrovic N, Radojicic Z. Colouring
the socio-economic development into green: I-distance framework for countries’ welfare evaluation. Qual Quant 2015; 49:
617-29. doi: 10.1007/s11135-014-0012-0.
Bickel PJ, Sakov A. On the choice of m in the m out of n
bootstrap and its application to confidence bounds for extreme
percentiles. Stat Sin 2008; 18: 967-85.
De Bin R, Janitza S, Sauerbrei W, Boulesteix AL. Subsam-

M. Maricic / Assessing the quality of life in the European Union: The EILS

[25]

[26]

[27]

[28]
[29]

pling versus bootstrapping in resampling-based model selection for multivariable regression. Biometrics 2016; 72: 27280. doi: 10.1111/biom.12381.
Egea JA, Balsa-Canto E, Garcia M-SG, Banga JR. Dynamic
Optimization of Nonlinear Processes with an Enhanced Scatter Search Method. Ind Eng Chem Res 2009; 48: 4388-401.
doi: 10.1021/ie801717t.
Otero-Muras I, Banga JR. Multicriteria global optimization
for biocircuit design. BMC Syst Biol 2014; 8: 113. doi:
10.1186/s12918-014-0113-3.
Radojicic M, Savic G, Jeremic V. Measuring The Efficiency
Of Banks: The Bootstrapped I-Distance GAR DEA Approach. Technol Econ Dev Econ 2018; 24: 1581-605. doi:
10.3846/tede.2018.3699.
Tabachnick B, Fidell L. Using Multivariate Statistics, 6th Edition. Pearson; 2013.
Zamora-Kapoor A, Coller X. The Effects of the Crisis.
Am Behav Sci 2014; 58: 1511-6. doi: 10.1177/00027642
14530649.

[30]

[31]

[32]
[33]

[34]

[35]

267

Zagorski K, Evans MDR, Kelley J, Piotrowska K. Does National Income Inequality Affect Individuals’ Quality of Life in
Europe? Inequality, Happiness, Finances, and Health. Soc Indic Res 2014; 117: 1089-110. doi: 10.1007/s11205-013-0390z.
Manrai LA, Lascu D-N, Manrai AK. How the Fall of the Iron
Curtain Has Affected Consumers’ Perceptions of Urban and
Rural Quality of Life in Romania. J East-West Bus 2000; 5:
145-72. doi: 10.1300/J097v05n01_08.
Bond M. The pursuit of happiness. New Sci 2003; 180: 440-3.
Wang JH, Hopke PK, Hancewicz TM, Zhang SL. Application of modified alternating least squares regression to spectroscopic image analysis. Anal Chim Acta 2003; 476: 93-109.
doi: 10.1016/S0003-2670(02)01369-7.
Maricic M, Bulajic M, Martic M, Dobrota M. Measuring the
ict development: the fusion of biased and objective approach.
Nav Acad Sci Bull 2015; 18: 326-34.
Radojicic M, Savic G, Radovanovic S, Jeremic V. A novel
bootstrap dba-dea approach in evaluating efficiency of banks.
Nav Acad Sci Bull 2015; 18: 375-84.

