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Abstract

Social inclusion is one of the key challenges of the European Union Sustainable
Development Strategy (EU SDS). We use the main indicators identified by
Eurostat within the operational objectives of the specific European policies to
measure social inclusion for the 27 member countries of the European Union.
In particular, we aggregate four basic indicators in a multiplicative composite
indicator via a DEA-BoD approach with weights determined endogenously with
proportion constraints. We obtain a score of social inclusion that allows us to
grade the 27 EU countries from 2006 to 2010. In this way, we highlight the
specific role played by the four indicators in determining improvements and
deteriorations of social inclusion during the European phase of the financial and
economic crisis.

1 Introduction

The European Commission defines social inclusion as “a process which ensures that
those at risk of poverty and social exclusion gain the opportunities and resources
necessary to participate fully in economic, social and cultural life and to enjoy a
standard of living and well-being that is considered normal in the society in which
they live. It ensures that they have a greater participation in decision making which
affects their lives and access to their fundamental rights” [1, p. 10]. Social inclusion
is, therefore, complementary concept to social exclusion, that is: “a process
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whereby certain individuals are pushed to the edge of society and prevented from
participating fully by virtue of their poverty, or lack of basic competencies and
lifelong learning opportunities, or as a result of discrimination. This distances them
from job, income and education and training opportunities, as well as social and
community networks and activities. They have little access to power and decision
making bodies and thus feel powerless and unable to take control over the decisions
that affect their day to day lives” [1, p. 10]. Multidimensionality of the social
inclusion concept is evident. This complexity is manifested in the use of multiple
measures. For example, the Lisbon European Council already in 2000 has suggested
the use of a set of indicators to measure progress in relation to poverty and social
exclusion [2]. The theme and its measurement is highly topical; it represents one
of the key challenges of the European Union Sustainable Development Strategy
(EU SDS) in order to achieve a socially inclusive society, to increase the quality
of life of citizens and individual well-being. In particular, reduction of poverty and
reduction of social exclusion is one of the five main targets of “Europe 2020”, that
is, the EU’s strategy for a sustainable and inclusive growth for the next years [3].

In line with this strategy, the European debate has focused on four main pillars
or dimensions from which derive four specific policy actions for a higher social
inclusion of individuals: (a) reduction of monetary poverty; (b) improvement of
living conditions; (c) greater access to labour markets and (d) better education
[4–7]. However, in order to monitor levels, deteriorations and improvements of
social inclusion in Europe, it appears useful to identify a single measure that can
summarize these four pillars to determine a ranking of countries and, consequently,
to compare the intensity of social inclusion. For this purpose, we construct a
composite indicator of social inclusion at macro level for the 27 member countries
of the European Union by aggregating the pillars represented, each, by one specific
basic indicator related to the operational objectives and targets (so-called level 2) of
the European policies identified by Eurostat [6, 8]. These four indicators are listed
below.

1(pove). People at risk of poverty after social transfers (percentage of total
population). This indicator measures the share of persons at risk of monetary
poverty. Persons are at risk of poverty if their equivalized disposable income is
below the risk-of-poverty threshold, which is set at 60 % of the national median
after social transfers.

2(depr). Severely materially deprived people (percentage of total population).
It covers issues relating to economic strain and durables. Severely materially
deprived persons have living conditions greatly constrained by a lack of resources
and cannot afford at least four of the following: to pay rent or utility bills; to keep
their home adequately warm; to pay unexpected expenses; to eat meat, fish or a
protein equivalent every second day; a week holiday away from home; a car;
a washing machine; a colour TV or a telephone.
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3(work). People living in households with very low work intensity (percentage of
total population). Persons are defined as living in households with very low work
intensity if they are aged 0–59 and the working age members in the household
worked less than 20 % of their potential during the past year.

4(educ). Early school leavers (percentage of total). It is defined as the percentage
of the population aged 18–24 with at most lower secondary education and not in
further education or training.1

Synthesis of the four indicators in a single measurement of social inclusion
appears of great relevance to provide a unique information about the status of the
country and to identify directions for improvement in the light of the European
policies. Anyhow, aggregation of indicators is not a trivial issue and, still, the
best choice of the weights is a topic of interest. Literature proposes two main
type of aggregation, additive and multiplicative, and several weighting methods
such as equal weights, weights based on statistical models and weights based
on public/expert opinion [10]. For our goals, a multiplicative DEA-like model
in a benefit-of-doubt (BoD) approach seems the most appropriate alternative. In
effect, this method allows varying weights determined endogenously according to
an optimal solution looking for the best possible outcome for the country under
analysis. In our case, this implies that the composite indicator of social inclusion
combines the four sub-indicators in the best interest of the country. Of course, this
does not mean that the obtained weighting, certainly optimal from a mathematical
point of view, is also optimal from the point of view of politics, but it is certainly
independent from subjective experiences of the decision maker.

Finally, the composite indicator of social inclusion is calculated over the years
2006–2010, the longest available period at the time of writing without missing data
or data breaks for all the 27 EU countries, precisely: Austria (AT), Belgium (BE),
Bulgaria (BG), Cyprus (CY), Czech Republic (CZ), Germany (DE), Denmark (DK),
Estonia (EE), Greece (EL), Spain (ES), Finland (FI), France (FR), Hungary (HU),
Ireland (IE), Italy (IT), Lithuania (LT), Luxembourg (LU), Latvia (LV), Malta (MT),
Netherlands (NL), Poland (PL), Portugal (PT), Romania (RO), Sweden (SE),
Slovenia (SI), Slovakia (SK) and United Kingdom (UK). Interestingly, this period
covers the severe phase of the financial and economic crisis in Europe.

1We note that although the multidimensional nature of social inclusion is widely shared, some
dimensions are neglected in the time of measurement. In effect, EU social indicators are much
better developed for poverty, material deprivation, labour market and level of education than for
political or cultural dimensions [9]. However, the use of the same four basic indicators selected
by Eurostat allows us to maintain a strong connection with the objectives set by the European
strategies and allows us an easy comparability of the results.
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2 Multiplicative Composite Indicator

The construction of a composite indicator is not a trivial argument. The advantage
of an immediate synthesis presents also some disadvantages and risks. Synthesis,
inevitably, reduces information and, often, uses subjective options open to criticism.
However, in many cases, it may represent a very useful tool to provide a clear
view of analysis for defining appropriate policies.2 The weighted arithmetic mean

nX

jD1

wjIij is the easiest way to create a composite indicator, though the traditional

additive approach shows some important limitations. An undesirable feature of
additive aggregations is the full compensability that they imply, since low values
in some dimensions can be compensated by high values in other dimensions. On the
contrary, the geometric aggregation is a less compensatory approach, and it offers
better incentives to countries to improve underperforming dimensions. In fact,
marginal utility on the multiplicative composite indicator is higher if the indicator
value is low, this reflecting the auspices of the European policy for a progressive
improvement of all the dimensions of social inclusion [10].3 With this primary
motivation, we use a weighted product method in construction of the composite
indicator of social inclusion (SI), formulated as

SIi D
nY

jD1

I
wj

ij (1)

where Iij is the j-th basic indicator of social inclusion ( j D 1; : : : ; n) for the i-th
country (i D 1; : : : ;m) with weight wj. Here, n D 4 and m D 27. SIi looks like a
geometric mean.4

2Many composite indicators exist in literature with varying degrees of methodological complexity.
For example, the “Corruption Perceptions Index” by Transparency International [11], the “Human
Development Index” by UN [12], the “Composite Leading Indicators” by OECD [13] and so on.
A good starting point on the issue is OECD [10].
3Geometric aggregation is a good compromise between methods with full compensability and
non-compensatory approaches, for example, MCDA (Multiple-Criteria Decision Analysis) [14].
In general terms, geometric aggregation is preferable to approaches MCDA because it can lead to
the minimum information loss [15]. Furthermore, using the social choice theory, Ebert and Welsch
[16] found that geometric aggregation is particularly relevant in composite indicator construction
when the ordinal information is involved.
4With multiplicative aggregation, the sub-indicators must be larger than 1 otherwise the logarithmic
transformation obtains negative values. Therefore, it is necessary to normalize the data of the four
basic indicators extracted from Eurostat. In particular, we use a min–max transformation in a
continuous scale from 2 (minimum) to 10 (maximum) where higher values correspond to better
social inclusion. In other words, we apply the transformation: .max.y/ � y/ = .max.y/ � min.y// �
8 C 2. Furthermore, we note that in this way the direction of the sub-indicators is reversed so
that higher values represent, in more intuitive terms, greater social inclusion and not greater social
exclusion as in the original scale of the Eurostat indicators. For our purposes, given the techniques
used here, this does not distort the final result as it will be clear later. Finally, it should be noted
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Anyhow, results can depend strongly on the selected weights. To avoid subjective
choices easily criticized, in this paper the weights wj are determined endogenously
with an automatic mechanism based on a multiplicative optimization model similar
to a DEA-BoD model written as follows:

SIi D max
w

nY

jD1

I
wj

ij

s:t:
nY

jD1

I
wj

ij � e

wj � 0

(2)

where e is the Napier’s constant [17–19].5

In this way, the composite indicator is obtained by multiplying the four basic
indicators of social inclusion with weights calculated in the best possible conditions,
i.e. increasing as much as possible the composite score of social inclusion for
a given country.6 In short, a low value of the composite indicator SIi, then low
social inclusion for the i-th country, is due to low values of the indicators that
compose it and not attributable to specific weights, always calculated to obtain the
best, i.e. maximum, possible result for the i-th country compared to the benchmark
country. In fact, the composite indicator is defined as the ratio of a country’s actual
performance to its benchmark performance and its maximum score is at most equal
to e D 2:718281828.

7

Searching for the best values, the optimization problem could give zero weight
to some indicators and attribute too much weight to other indicators (curse of
dimensionality): this is not desirable if all the four dimensions are theoretically
relevant. Besides, this involves no unique ranking and, in some special cases, no

immediately that correlations among the four sub-indicators are moderate; in fact, there is no risk
of double-counting: this is an ideal condition in the construction of a composite indicator.
5The Benefit-of-the-Doubt (BoD) logic assumes a favourable judgement in the absence of full
evidence using a model similar to Data Envelopment Analysis (DEA) [20]. In fact, we are not sure
about the appropriate weights, rather we look for BoD weights such that the country’s performance
of social inclusion is as high as possible [21, 22, 18, 17, 23, 24, 25, 26, 27, 28]. In brief, model (2)
is like an output-oriented DEA model where indicators y are outputs and a variable always equal
to one is the only input: it is the Koopmans “helmsman”, by which countries have an apparatus
responsible for the conduct of their social policies [29]. Therefore, the social inclusion performance
is evaluated in terms of the ability of the helmsman in each country to maximize the levels of the
four basic indicators (obviously normalized in terms of social inclusion) [30].
6It should be noted that DEA typically does not require normalization of the data, made here
for the unique needs of greater convenience of analysis. It is not even mandatory that the unit
of measurement is identical, since the weights take into account the unit of measurement of the
sub-indicators [30].
7This means a preference for an internal benchmark as the best practice country, rather than an
external benchmark that could not be realistically achievable in specific local contexts.
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feasible solution. For these reasons, we add specific constraints on the weights; in
particular, we add proportion constraints to the model (2):

0

@
nY

jD1

I
wj

ij

1

A
L

� I
wj

ij �
0

@
nY

jD1

I
wj

ij

1

A
U

(3)

where L and U, ranging between 0 and 1, represent the lower and upper bound
for the contribution (in percentage terms) of the j-th sub-indicator [17].8 To avoid
zero weights, we impose L D 20 % with U determined accordingly for all the 27
countries and the four sub-indicators.9 Different limits do not give solution to the
mathematical problem or lead to an excessive number of benchmark countries or,
also, to an unjustifiable imbalance of the indicators’ role.

We note that the multiplicative optimization problem (2) and (3) is nonlinear,
then we solve the equivalent linear problem by taking logarithms with base e; at the
end, it is easy to obtain the original multiplicative indicator SI. If social inclusion is
higher, SI value is higher, where SI D e indicates the benchmark country. We remark
that the maximum score is always e, but the empirical minimum can change; so, for
easy and accurate comparison, the scores are normalized by their range of variation.

3 Results

Table 1 shows the social inclusion (SI) score for the 27 EU countries over the
years 2006–2010. For reasons of easy comparability, SI is normalized by its range;
therefore, the score is now between 0 (the lowest level of social inclusion) and 1 (the
maximum level of social inclusion, i.e. benchmark country). For convenience of the
reader, here is also shown the additive case and the simple arithmetic mean without
weights, but for the sake of brevity we focus only on the multiplicative scores. In
detail, Table 2 shows the final multiplicative scores and their decomposition in the
four sub-indicators of social inclusion just at the beginning and at the end of the
period.

8Without constraints on the weights, the DEA model could reset the contribution of the underper-
forming dimensions to find the best solution. Thus, the results could depend even on a single
indicator and, consequently, we could have a large number of insignificant benchmarks. This
event occurs more likely when the sample is not large as in our case. Specific constraints on the
weights and use of a few indicators, compared to the number of countries, avoid this “curse of
dimensionality” [20]. Here, in particular, we use proportion constraints which offer a very intuitive
interpretation that we consider preferable to the available alternatives such as absolute, relative or
ordinal restrictions.
9For example, if in a given country three indicators reach the minimum contribution of 20 %, the
contribution of the fourth indicator will necessarily have an upper bound of 40 %. In fact, the
specification of the upper bound is not necessary since the sum of the contributions of the four
indicators must be 100 %.
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In general terms, between 2006 and 2010, only a few countries appear closer
to their benchmark of social inclusion (see, sign C in Table 1). This is enough
to raise median of SI from 0.671 in 2006 to 0.731 in 2010. However, also
variability (coefficient of variation) increases from 0.395 to 0.503, indicating a
higher dispersion of the scores with a relative worsening in some countries (mean
is reduced from 0.682 to 0.620). Bulgaria occupies the last position in all the years
due to poor performances of the four dimensions of social inclusion. Conversely,
in 2006, we have Slovenia in the first position (low levels of poverty and school
leavers) whereas, in 2007, the leadership is divided between Slovenia and Sweden
(especially for their low levels of poverty).

In 2008, the best countries are three: Czech Republic, Sweden and Slovakia (once
again, the low levels of poverty and school leavers play an important role). From this
moment on, Czech Republic will be the only benchmark in 2009 and 2010. From
2006 to 2010, only 8 countries are closer to the benchmark, in particular, Belgium
(from 0.423 to 0.750, with a strong improvement of the materially deprived people).
Differently, it is interesting to note a substantial (relative) worsening in Ireland (from
0.587 to 0.173), Latvia (from 0.478 to 0.074), Spain (from 0.617 to 0.242), Lithuania
(from 0.677 to 0.371) and Greece (from 0.671 to 0.423). In short, Lithuania loses
8 positions (from 13 to 21), Greece and Ireland lose 6 positions (from 14 to 20 and
from 18 to 24, respectively), whereas Belgium gains 10 positions (from 23 to 13)
and the Netherlands gains 8 positions (from 10 to 2). Italy loses 2 positions (from
16 in 2006 to 18 in 2010).

Further consideration should be made on the consistency of the composite
indicator with respect to the information provided in the so-called headline indicator
(HI), that is, “people at risk of poverty or social exclusion”, used by Eurostat to
represent in a simple and single measure the level of social inclusion.

The values are consistent but sufficiently different. In effect, the headline
indicator is not a composite indicator; in addition, SI includes some aspects of
education. In fact, HI considers people who are at risk of poverty or severely
materially deprived or living in households with very low work intensity and, in
case of intersections, a person is counted only once; so, one can say that SI is a
more broad measure and, at the same time, more fitting for a given country than the
headline indicator.

At a glance, the combination of the four sub-indicators of social inclusion is not
trivial denoting specificities and characteristics of each country that SI considers
properly through differentiated weights among indicators and countries without
applying external information. Of course, this does not imply that the achieved
results are preferable or better from the point of view of politics. Moreover, the



250 F. Giambona and E. Vassallo

decomposition of the SI score is useful to highlight, country by country, the most
critical aspects of social inclusion to which policies should be directed.10

4 Conclusion

The European Union has adopted the “Europe 2020” strategy aimed at a sustainable
and inclusive growth in the 27 member countries, in order to achieve high levels of
employment, productivity and social cohesion through five objectives to be reached
by 2020, including reduction of the school drop-out rates and poverty to achieve
higher levels of social inclusion that, moreover, is a key target of the EU SDS [31].
In fact, social inclusion is a complex concept with a multidimensional perspective
that, for purposes of policy, makes useful the synthesis in a single measure.

Therefore, in this paper, we have focused on the construction of a composite
indicator of social inclusion able to represent the position of each country and to
identify directions for improvement with respect to some benchmarks. In particular,
to stay close enough to the strategy of the EU and its translation in the indicators
proposed by Eurostat, also to promote greater comparability of our results, we
have used data corresponding to the four main operational objectives (or “level
2” targets) as defined in the Sustainable Development Strategy, and related to
poverty, material deprivation, labour market and education, although other political
or cultural dimensions remain neglected [32]. Our composite indicator of social
inclusion (SI) is obtained by aggregating these four dimensions using appropriate
weights determined with an automatic procedure based on a multiplicative DEA-
BoD method with proportion constraints. This optimizes mathematically the results
for every country without resorting to external judgments of experts, even if
the outcome may not be politically satisfying. Furthermore, the multiplicative
aggregation emphasizes the improvements of the countries with worse conditions
of social inclusion; in other words, this aggregation implies a partial compensability
of the four sub-indicators offering better motivations to improve underperforming
dimensions.

Data are collected from 2006 to 2010 for all the 27 EU member countries in
the largest time interval available with no missing data at the time of writing.
In general terms, from 2006 to 2010, the results show a small shift toward the
benchmark values of social inclusion, even if there are significant deteriorations

10It is appropriate to make a final comment about the robustness of the results. Some countries
may be outliers and strongly influence the score of SI. To verify this vulnerability of the results,
we have repeated m D 27 times the calculation of SI removing each time a different country. The
impact of the j-th missing country was measured through the sum of the m � 1 squared differences
between the score of the i-th countries (i ¤ j) computed including the j-th country and that one
computed excluding the j-th country. So, we obtain 27 values each representing the influence on the
SI score of the country from time to time excluded from the calculation. The differences are very
small in many cases and, sometimes, completely negligible, even when they involve the benchmark
countries.
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in some countries and greater variability of the SI scores among all the 27 European
countries. In fact, an important role is played by changes in the levels of monetary
poverty, here measured in relative (not absolute) terms as required by the European
policy. Finally, we note that some of these 27 countries worsen their levels of social
inclusion since 2008 in relation to the European contagion of the financial and
economic crisis.
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