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Abstract. Quality of Life (QoL) is a multidimensional phenomenon concerned with the overall well-being of a society or an in-
dividual. 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 disad-
vantages 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.
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1. Introduction

The understanding and measurement of human life
experience has puzzled and is still puzzling individu-
als, scientists, and even governments. The term qual-
ity of life (QoL) is used to envelop overall life experi-
ence 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 indi-
viduals’ quality of life [4]. Therefore, novel measure-
ments the QoL have emerged.

So far, experts have suggested two types of mea-
surement: the “objective” and “subjective” measure-
ments. The first ones are based on social, economic,
and health indicators such as the indicator Life ex-
pectancy at birth [3]. On the other hand, “the subjec-
tive” measurements rely on the personal experience of
the respondents, such as their observed degree to which
a particular need was met [2]. Although subjective in-
dicators have been criticized for their methodological
flaws, Diener and Lucas [6] provide convincing proof
these indicators can be a trustworthy measure of peo-
ple’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 com-
posite indexes [7]. The long history of QoL compos-
ite indexes dates from 1970’s and the Physical Qual-
ity of Life Index devised by Morris [8]. He took into
account three indicators, life expectancy, infant mor-
tality, and literacy. United Nations Development Pro-
gramme (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 in-
dex 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 be-
ing devised, that the number of indicators varies and
that their methodologies are sometimes based on com-
plex statistical analysis.

The EU also acknowledged that the GDP, as a stand-
alone indicator does not provide sufficient informa-
tion 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 Eu-
rostat. We name the proposed index the European In-
dex of Life Satisfaction (EILS). The EILS should over-
come the three observed disadvantages of the currently
devised composite indicators of QoL. First, the prob-
lem of including just objective indicators in the com-
posite index framework. Second, the issue of high rank
instability, and finally, the potential bias in the weight-
ing 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 Scat-
ter 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.

2. European Index of Life Satisfaction (EILS)

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

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 pop-
ulation, persons living in collective households and in
institutions are generally excluded from the target pop-
ulation and therefore were not surveyed. All indicators
were collected just once in 2013 [13]. All observed in-
dicators 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 indica-
tors 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 im-
portant to know how satisfied the EU residents are with
their occupation as it may undermine one’s life satis-
faction. Therefore, we include the indicator Job satis-
faction. The next indicator which measures a satisfac-
tion of a QoL dimension is Satisfaction with time use.
Since the 1990’s there is recognition that understand-
ing of individuals’ time use is central to the measure-
ment 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 ex-
plored and showed the relation between QoL and envi-
ronment.

2.1. Suggested EILS framework

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 Princi-
pal 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 ap-
plied 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 contri-
bution vir represents the relative contribution of indi-
cator 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 =
xirwi

k∑
j=1

xjrwj

(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 I-
distance 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 bene-
fits (e.g. [22]) but it represents the distance of an ob-
served entity from a fictive entity what makes it diffi-
cult 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 offi-
cial weights. Therefore, the CIDI methodology, which

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 sam-
ples, 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 replace-
ment [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 devia-
tions.

The enhanced Scatter Search (eSS) algorithm which
we propose to implement in our study to solve the opti-
mization problem aims to find the balance between in-
tensification (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 solv-
ing complex-process optimization problems from dif-
ferent fields, providing a good compromise between
diversification (exploration by global search) and in-
tensification (local search) [26].

Finally, the objective function of the optimization
problem solved using the eSS metaheuristic is given as
follows:

Min
k∑

i=1

σVi
(2)

Subject to

wi 6 wmax i (3)

wi > wmin i (4)
k∑

i=1

wi = 1 (5)

wi > 0 ∀i (6)

Where σVi is the standard deviation of relative con-
tribution of indicator i, and wmax i and wmin i are
the maximum and minimum weight of indicator i ob-
tained after bootstrap CIDI. The minimum and maxi-
mum bootstrap CIDI weights have been chosen as con-
straints as suggested in Radojicic et al. [27].
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Table 1
Descriptive statistics of the observed indicators

Indicator Mean Min Max Std
Satisfaction with finances 5.911 3.7 7.6 1.018
Housing satisfaction 7.514 6.0 8.4 0.578
Job satisfaction 7.250 6.0 8.1 0.478
Satisfaction with time use 6.829 5.7 7.8 0.455
Satisfaction with personal relationships 7.879 5.7 8.6 0.577
Trust in the legal system 4.736 2.7 7.5 1.292
Satisfaction with living environment 7.225 5.2 8.4 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 anal-
yse 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 ex-
pressed low satisfaction with finance and the level of
trust in the legal system. The EU member states citi-
zens 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 Satis-
faction 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 indi-
cates 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 reten-
tion of one dimension which explains 79.414% of vari-
ability. This result indicates that the chosen seven indi-
cators should be aggregated into a single dimension.

To additionally analyse the chosen indicators, corre-
lation analysis was performed. The obtained Pearson’s
correlation coefficients between indicators are all pos-
itive and statistically significant. It varies from 0.475
(correlation between Trust in the legal system and Sat-
isfaction with personal relationships) to 0.897 (corre-
lation 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 re-
sults again go in hand that the indicators should be ag-
gregated into one composite index. Therefore, we pro-
ceed 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 stan-
dard 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 impor-
tant 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 wmin i wmax i wi

Satisfaction with finances 13.6% 17.9% 13.6%
Housing satisfaction 12.0% 16.4% 16.4%
Job satisfaction 12.5% 17.0% 17.0%
Satisfaction with time use 14.3% 17.7% 17.7%
Satisfaction with personal relationships 9.1% 14.3% 13.8%
Trust in the legal system 10.7% 16.6% 10.7%
Satisfaction with living environment 10.8% 17.9% 10.8%

Table 3
Top and bottom EU member states ranked by the EILS

EU member state Score Rank EU member state Score Rank
Denmark 8.03 1 Slovak Republic 6.66 19
Finland 7.90 2 Latvia 6.64 20
Austria 7.69 3 Cyprus 6.52 21
Sweden 7.67 4 Spain 6.51 22
Netherlands 7.63 5 Hungary 6.44 23
Luxembourg 7.28 6 Italy 6.32 24
Belgium 7.17 7 Portugal 6.23 25
United Kingdom 7.13 8 Croatia 6.16 26
Ireland 7.10 9 Greece 5.86 27
Malta 7.01 10 Bulgaria 5.19 28

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 al-
though 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 ad-
equate 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 north-
ern 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. Al-
though it has lower satisfaction with finances as also
shown by [30] it has high satisfaction with personal re-
lations and housing. Some of the reasons for such an

occurrence might be from the effects of the fall of the
iron curtain and the more freedom the citizens are hav-
ing [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 na-
tional happiness” their policy goal [32]. The EU also
acknowledged the importance of QoL and social mat-
ters and therefore conducted a survey among its citi-
zens to inspect the level of their satisfaction with the
current well-being. Herein, we proposed an approach
based on official statistics, statistical analysis and opti-
mization method which could help EU member states
provide better life to their citizens.

To create the novel European Index of Life Satisfac-
tion (EILS) we took a two-fold approach. First, we ap-
plied the PCA to determine the number of dimensions
to retain, and second, we conducted the proposed eSS-
CIDI 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 Satis-
faction 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 repre-
sentatives.

During our research, we identified three future di-
rections of study: framework modification, the appli-
cation of a hybrid weighting approach, and employ-
ment of different weight constraints. The current in-
dex consists of seven indicators, but the Eurostat pub-
lishes more than 30 indicators on QoL. Most of those
indicators are objective and their inclusion in the in-
dex 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, re-
cent research showed that when it comes to weight-
ing, several different weighting methods should be em-
ployed [33]. Therefore, if the EILS framework is to
be expanded and the structure of the index is to be-
come 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 af-
ter 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 up-
per and lower weight bounds could be devised by ex-
perts.

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 proce-
dure and QoL composite indexes.
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