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Abstract: The study of poverty and its quantification is a critical yet unresolved problem in social
science. This work seeks to use a new composite indicator to assess poverty as a multidimensional
concept. However, subjective decisions, such as various weighting systems on the indicator’s creation,
may affect its perception. In order to solve this issue, we propose to use random different composite
indicators based on simulated weightings and specifications to get a comprehensive interval-based
composite indicator. Our method generates robust and trustworthy measurements based on a
meaningful conceptual model of poverty. Furthermore, we use some interval parameters such as
the upper bound, center, and lower bound to compare the different intervals related to the different
statistical units and rankings to aid in analyzing extreme situations and policy scenarios. In Sicily,
Calabria, Campania, and Puglia, we identify urgent circumstances. The findings reveal a consistent
indicator measurement and the shadow sector’s influence on the final measurements.

Keywords: poverty; composite indicators; interval data; interval-based composite indicators
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1. Introduction: Measuring Poverty

Poverty measurement and, in general, poverty is a fundamental theme in social science
literature. Poverty is an actual refutation of human rights because it determines the impos-
sibility of covering relevant expenses. Simultaneously, the relationship with well-being
is complicated because of both concepts’ multidimensional structures (D’Ambrosio 2018).
Therefore, the measurement and monitoring of poverty are nowadays fundamental. At a
macro level, poverty and inequality can impact modern societies in the long run. In litera-
ture, poverty and well-being are usually associated, and they are fundamental concepts
to understand. In particular, poverty gravely affects a person’s well-being (household,
children, migrants). Structural poverty can lead to an erosion of the basements on which
the societies are born. At the same time, poverty can impact people’s lives and be a problem
for the institutions (it is necessary to think about the effects of poverty on children).

Institutions can increase poverty by creating obstacles to access to income, and poverty
can eradicate institutions. In this regard, there exists a specific causal loop that can become
deleterious (see Sindzingre 2007). The United 2030 Agenda and the Sustainable Devel-
opment Goals (SDGs) have created structured monitoring systems adopted in different
countries (Mauro et al. 2018). In this context, it is necessary to investigate the phenomenon,
its determinants, and the possibilities of policy intervention. Simultaneously, identifying
poverty states is very relevant and needs adequate methodologies (Alkire and Foster 2011).
In literature, another crucial problem is identifying the areas in which the poor live and
design adequate intervention policies.

At this point, the adoption of adequate quantitative methodologies is necessary. Mod-
ern data richness calls for approaches that consider integrating a group of indicators for the
selected statistical units. Indicators’ synthesis takes place at different stages (Maggino 2009;
Nardo et al. 2005). One relevant problem is to manage the different numbers of indicators
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(Mauro et al. 2018). In that respect, income is considered the most significant predictor
of economic status and well-being (Hansen and Kneale 2013). At the same time, income
is not a unique indicator to measure poverty. Therefore, there are at the same relevant
approaches such as the construction of composite indicators, which can be considered
to measure poverty correctly (Marlier and Atkinson 2010; Atkinson and Marlier 2011).
In this case, it is necessary to consider different characteristics that can adequately con-
sider other relevant aspects that can measure poverty. In this way, there is also the use of
many different approaches to measuring poverty using different methodologies (using
population census, administrative data, household surveys see (Baker and Schuler 2004)).
A composite indicator arises in this context, which synthesizes and combines different
indicators useful to measuring poverty. Composite indicators are generated by constructing
a linear weighted function of a combined normalized sub-indicator (Saisana et al. 2005;
Aiello and Attanasio 2006). One relevant problem is that the different approaches can
often lead to different results, so it is usually necessary to provide sensitivity analysis and
robustness checks. These methodologies are addressed to analyze the results’ sensitivity of
the different methodological choices (Saisana et al. 2005). Our proposal aim is different: the
composite indicator’s uncertainty is directly measured by considering the critical factors
impacting the indicator variability. In this respect, the possible changes to the indicator
results are simultaneously considered considering the different identified factors. There-
fore, the crucial varying factors (for instance, the composite indicator specification) are
identified. By considering a Monte-Carlo simulation, the interval-based composite indica-
tor considering all the different results simultaneously is finally obtained. A Monte-Carlo
simulation is necessary, where there are many sources of uncertainty as usual in composite
indicator construction to internalize the different effects of the different assumptions (i.e.,
different weights). In this sense, the interval comprehends all the results of the different
composite indicators simulated.

So, in this work is obtained not a unique measure but an interval, and entire intervals,
rather than single values, are compared. Then, of course, it is possible to interpret the
different intervals adequately. The specific aim of the study is to provide a composite
interval indicator that measures both a measure that synthesizes different indicators to
measure poverty and takes into account the variability of the different results due to
different choices in the construction of the same composite indicator. The use of aggregate
measures based on interval data can also be found in the works (Dehnel and Walesiak 2019;
Walesiak and Dehnel 2020).

The second section starts by considering the different ways to measure poverty; the
composite indicators are approaching one of the most frequent ways to measure poverty.
The third section departs from the concept of composite indicators to describe the interval-
based composite indicator’s approach. The fourth section describes the data we have used.
Finally, the last section describes the obtained results in terms of interval-based composite
indicators of poverty in Italy.

2. Measuring Multidimensional Poverty: A Literature Review

One relevant approach in measuring poverty is to use and consider groups of indica-
tors to synthesize these indicators. Following (Mauro et al. 2018), this synthesis problem is
fundamental to social indicators literature. Therefore, the same authors consider a mul-
tivariate approach to measuring multidimensional poverty and well-being analysis. At
the same time, they consider the different indicators’ synthesis to monitor the different
outcomes obtained. From this perspective, the authors’ main contribution is that the gen-
eral level of well-being that the different persons can reach can be linked with the level of
substitutability of the different dimensions obtained (Mauro et al. 2018).

It is widely accepted today that poverty, by its nature, is a multidimensional concept
(Anand and Sen 1997; Sen 1982, 1988, 1992). For further discussion about the multidimen-
sional measurement of poverty, see (Asselin 2002). The multidimensional nature of poverty
is analyzed as a concept and the measurement methodologies by (Alkire et al. 2015). If
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poverty is a multidimensional concept, it is necessary to analyze it by considering adequate
methodologies. Multidimensional poverty calls naturally for the use of good indicators
(Asselin 2002). Simultaneously, the problem to consider is how to conciliate between
different approaches and different methodologies. Therefore, it is necessary to consider the
different subjectivity of the choices (the choices of weightings in composite indicators see
Nardo et al. 2005), leading to different results.

In this context, relevant sets of indicators need to be considered. The different indi-
cators, which explicitly characterize poverty as a concept, need to consider the essential
dimensions like income needs and capabilities. It is essential, too, at the same time, to use
other indicators related to the framework and the living situation (Lok-Dessallien 1999).

Another different approach is the one followed in (Abdu and Delamonica 2018). Here
the authors consider a composite indicator to measure multidimensional child poverty.
In this case, the multidimensional approach considers the complexity of the poverty
phenomenon by considering different aspects that can be combined to provide a unique
measure. Thus, this measure can be considered a synthesis. All these measures are
significant because they allow us to consider a measurement used to evaluate policies and
programs explicitly.

Additionally, Kim (2016) raises the problem of considering a multidimensional and
longitudinal perspective on measuring poverty. In this sense, it is the idea to measure the
concept of poverty. The novelty introduced by the author is considering the dimension of
time. At the same time, the author concludes that the weighting of the “social capital” and
the weight for health can have a higher impact over time.

There are also some elements of uncertainty on collecting the correct variables which
can be considered. For instance, it is necessary to collect the income as an essential variable
on measuring poverty as a specific part of the surveys considered (Hansen and Kneale 2013).
Therefore, one of the most relevant approaches to measure poverty is through composite
indicators. The composite indicators depart from the use of different indicators to provide a
synthesis of the same indicators. The construction of the composite indicators is considered
in the following section.

At the same time, uncertainty and vagueness of the concepts could be significant. In
that regard, poverty measurement needs to consider fuzzy logic (see in this context Cerioli
and Zani 1990). This approach to measuring multidimensional poverty is also considered
by (Lemmi and Betti 2006), which uses fuzzy sets simultaneously (Costa and Angelis 2008;
Stéphane and Noel 2005). These approaches show many different dimensions exist, which
need to be carefully checked and considered in building composite indicators.

Composite indicators are a relevant and consistent way to measure poverty. The
usual approach is described in different works. First, the different indicators need to
be synthesized, and it is necessary to consider different phases. (see in this respect
(Mauro et al. 2018; Maggino 2009; Nardo et al. 2005)). The different method selects the
indicators and then synthesizes the underlying concept and measures the latent vari-
able. Following (Mauro et al. 2018), the synthesis of different indicators allows monitoring
specific outcomes of the considered statistical units.

In Asselin (2002) the different quantitative methodologies used to construct indicators
on the multidimensional poverty context are reviewed. The suggestion in Asselin (2002) is
that the use of multivariate methodologies (principal component analysis for example),
can be an advantage for the choice of the specific weights used.

Different approaches in measuring the multidimensional poverty measurement are
also in (Kakwani and Silber 2008). An alternative approach to analyzing the measure-
ment of multidimensional poverty is by (Bourguignon and Chakravarty 2003). Various
approaches were proposed in this context. For instance, De Muro et al. (2011) consider
the composite indicator approach to measuring poverty. Their approach is based on the
penalty of the geographical areas characterized by single “unbalanced” statistical units. To
approximate the different variables in composite poverty indicators, we can usually follow
the procedure to construct a composite indicator (Nardo et al. 2005). The different phases
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can be considered selecting the different indicators used, the aggregation method’s choice,
and the considered scaling of the different indicators used. In the end, it is possible to obtain
the considered latent variable as a component indicator. From the selection of the different
indicators, then scale the different indicators using various methodologies. Usually, an
aggregation function and a weighting scheme that defines the single indicator’s relevance
or importance on the composite indicator created are considered. Last, it is possible to
compare the distinct values of the composite indicators produced and determine their
ranking. Here, the critical point is that the composite indicators’ different components can
hide relevant policy messages (see Mabughi and Selim 2006). In this respect, many different
critical points exist. Several choices, for example, the weighting of the composite indicator,
are based on subjective choices. For this reason, robustness analysis and sensitivity analysis
are usually followed by various analyses in which different approaches are considered and
compared to evaluate the impact of each approach on the final results.

This analysis is usually performed by considering the different impacts on the rank-
ings (Nardo et al. 2005). The approach we will consider is different. It is based on the
interval data by taking into account simultaneously many different random measurements
in which we try to cover all the meaningful options. In the construction of composite indi-
cators, sensitivity analysis could be fundamental to assessing the different approaches and
assumptions (Saisana et al. 2005) the approach we will present in the next section allows
us to “endogenize” the sensitivity analysis on the structure of the composite indicator
computed.

3. Methodology
3.1. Methodology: Interval-Based Composite Indicators

In that context, composite indicators’ construction can be based on subjective choices
(Becker et al. 2017; Nardo et al. 2005). However, these subjective choices (for instance,
the composite indicator’s weighting scheme, see (Nardo et al. 2005) can lead to different
results. Therefore, the recent literature aims to construct composite indicators, avoiding
the subjectivity of considering an assumption or a different one. Therefore, the target is to
measure the different impacts of the suitable choices for constructing the indicator (see
Paruolo et al. 2013).

Uncertainty techniques can be considered in this respect because they can measure un-
certainty in constructing the composite indicator (for instance, using probabilistic rankings).
See for a discussion (Nardo et al. 2005; Saisana et al. 2005). Therefore, the idea is to consider
some robustness checks and sensitivity analysis by considering different assumptions to
evaluate its robustness. This work aims to internalize this robustness by considering the
interval of possible results, which can be obtained by varying the composite indicator’s
assumptions (see Drago 2017, 2018; Gatto and Drago 2020; Drago and Gatto 2018). In that
way, it is essential to define the “model” for the composite indicators initially. Then, it
is essential to declare the different factors that lead to the composite indicator variability.
From the model, it is possible to identify the different internal sources of variability in the
construction of the composite indicator, which leads to the uncertainty of the outcome.

At this point, it is possible to consider several replications of the composite indicator
considered by taking into account different combinations of the assumptions given. At
every stage, a different combination of assumptions is sampled, and a different outcome is
computed. Then, they explicitly consider an interval of all the possible obtained composite
indicators by considering different combinations of assumptions on the composite indicator.
Finally, the different results are collected, and they can be represented utilizing interval-
valued data (Billard and Diday 2003; Billard 2008). Thus, these data can be used to
represent uncertainty and also inaccuracy (Qi et al. 2020; Barclay et al. 2019) and, in general,
composite phenomena (for instance, in (Mlodak 2014; Fura et al. 2017; Schang et al. 2016),
statistical units characterized by different statistical features are discussed).

We propose internalizing the uncertainty analysis using the interval-valued data,
which is relevant in constructing a composite indicator (Saisana et al. 2005). Our approach
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allows us to directly measure, represent, and compare the variability of the different
assumptions used to construct the composite indicators using random weights and simu-
lating different indicator structures. In this respect, the subjectivity of the weightings can
be solved. It is also possible to obtain more consistent public policies that also consider the
different composite indicator choices.

Furthermore, using the intervals, it is possible to better design policies because it can
better measure the uncertainty related to a different situation, for instance, measured by
a composite indicator. The results of this work are beneficial for all who are interested in
the construction and the use of composite indicators, including analysts, policy analysts,
economic and social researchers, and of course, policymakers. The entire approach is
described and visualized in Table 1 and Figure 1.
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Figure 1. Flow chart of the procedure.

It is essential to note that our final results are interval data and not scalar data. In this
logic, the interval allows us to measure the uncertainty explicitly and permits us to obtain
a unique measure of the composite indicator (Sunaga 1958). Moreover, the interval data
own a specific algebra that allows different computations between intervals (Moore 1979;
Sunaga 1958) and statistical analyses (Gioia and Lauro 2005; Lauro and Palumbo 2000).

Therefore, in this respect, the process is started by considering n number of different
composite indicators with n = 1, . . . N (they contribute to creating the interval), computed
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by random combinations of factors (Saltelli 2016; Saltelli et al. 2008). Then each interval
based composite indicator is built by having:

I[X]c =
[
Xc, Xc

]
(1)

where c is the considered, measured phenomenon to measure with the indicator X for
c = 1 . . . C (Palumbo and Lauro 2003).

From the composite interval indicator obtained it is possible to compute the center:

Xc
center =

1
2
(
Xc + Xc

)
. (2)

Furthermore, the range or the width obtained:

Xc
range = Xc − Xc, (3)

and finally, the radius:

Xc
radius =

1
2
(
Xc − Xc) (4)

The range and the width represent the variability of the considered interval composite
indicators (Gioia and Lauro 2005). The parameters on which the ranking analysis is
computed for the different intervals are the center, the minimum, the maximum, and the
range (Mballo and Diday 2005; Song et al. 2012). In order to measure the uncertainty, it is
possible to consider the difference between the upper and the lower bound of the computed
interval (see also Grzegorzewski 2018).

Finally, it is possible to analyze at the same time the prototype (an average inter-
val) using interval arithmetic. The interval arithmetic and the capacity to handle these
composite indicators as intervals allow different advantages. First, they represent a more
robust version of a classical composite indicator (based on a single value) and consider
the internal variability. This is determined by the various composite indicators’ different
performances on the same conceptual “model” (Nardo et al. 2005). Finally, they can be
used and considered in comparisons as a scalar (it is possible to use, for instance, the
center) or genuinely as intervals (considering center, minima, and maxima). In this case, it
is possible to use analytical approaches such as interval arithmetic to evaluate, for instance,
a prototype (the statistical average of the different interval-based composite indicators).
Furthermore, these interval-based composite indicators can contain a higher quantity of
information so that the decision could be based on a more precise evaluation.

3.2. Methodology and Data

In the first step, we have to define the composite indicator model. The model is given
by taking into account the following choices:

(1) The essential variables to be considered on the composite indicator;
(2) The significant number on the total to be considered;
(3) The relevant aggregation function;
(4) The weights applied on the composite indicator.

All these data come from the ASVIS database, which is considered a unique source.
The date for each variable is 31 December 2016. The different indicators of their original
name and their name are defined in Table 1. Each indicator is considered a statistical unit
in the Italian regions (for the year 2016).
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Table 1. Indicators considered.

Indicators Considered and Their Reference Date on the ASVIS Database

Percentage of families living below the threshold of absolute poverty (31 December
2016)—Sotpovas (families who live under a level of absolute poverty)

Index of great economic difficulty (31 December 2016)—Diffeco (an index of economic difficulty)

Percentage of population living in poverty or social exclusion (31 December 2016)—Poves
(social exclusion)

Index of severe material deprivation (31 December 2016)—Depriv (material deprivation)

Percentage of individuals in low working-intensity households (31 December 2016)—Basintlav
(low labor intensity)

Percentage of people who live in households with an equivalent disposable income, less than 60%
of median income (31 December 2016)—Reddmed (income)

In Table 2, we compute the descriptives for each variable to evaluate some outliers of
the data.

Table 2. Descriptive statistics of the indicators considered.

Sotpovas Diffeco Poves Depriv Basintlav Reddmed

min 3.58 3.9 16.1 5 6.1 8.9
1st qu. 5.755 7.25 20.1 6.75 8.35 13.75
median 10.37 8.8 24.4 9.4 9.9 16
mean 12.434 11.29 30.28 11.39 12.74 20.84

3rd qu. 16.32 14.8 39 14.55 16.7 27.55
max. 34.94 21.6 55.6 26.1 26.7 41.8

We chose the dataset related to 2016 to ensure the most recent set of data jointly
available together, at higher reliability of the observations considered. Data reliability is a
significant issue (see, for instance, Kamanou et al. 2005). In this sense, these six variables
are the most relevant we can consider for our model. In that way, these variables are
considered the most significant in the framework we are explicitly considering. In this
sense, it is possible to proceed with the data analysis to evaluate our initial indicators
and the structure of the indicators used as components or factors of the interval-based
composite indicator. All variables are destimulants in the study, but this is not usually
the case in other studies. The stimulants and destimulants (Kuc-Czarnecka et al. 2020) as
factors that positively or negatively affect the considered phenomenon were introduced
in (Hellwig 1972). These definitions can also be found in (Walesiak 2018). Other authors
(Mazziotta and Pareto 2016, 2018) use the terms ‘positive polarity’ and ‘negative polarity’
instead of the concept of stimulant and destimulant.

Some descriptive analyses of our data are considered. In this respect, we explore our
variables by observing if some situations require special attention (for instance, significant
outliers). In this vein, it is possible to compute the descriptive statistics for the variables
and examine the critical structure of the data we can observe. Then it is possible to consider
the correlation matrices of the variables. In particular, the correlation matrix can be usefully
considered and visualized as a network with a specific threshold. These are relevant in
practice because we can think of specific weighting schemes that show a high correlation.
In extreme cases, the choice can be made not to use these indicators.

In this respect, it is necessary to evaluate our choices primarily. We considered the
correlation matrix of the different variables to avoid select variables that eventually showed
more relevant correlation problems.

Therefore, it is possible at this point to define our model of composite interval indicator
by considering these specific factors (for the terminology in the composite indicators, see
Nardo et al. 2005):
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1. The indicator choice;
2. The number of the indicator choice on the total number of indicators considered (in

this respect, we can explore alternative configurations of the composite indicator);
3. The different weightings.

At the same time, we normalize each indicator by providing standardization for
each of them. Following (Nardo et al. 2005), we used a simple standardization for each
considered component in the simulations:

It
qr =

xt
qr − xt

qr=r

σt
qr=r

(5)

Given r as the reference region, the component (or the indicator) q for region r is
xt

qr, where the mean is xt
qr=r for the component and the σt

qr=r is the standard deviation
(Nardo et al. 2005).

Then, we aggregated the different indicators by obtaining the outcome. The algorithm
is described in Figure 1. In the figure, the construction of the interval-based composite
indicator is described. First, it is necessary to choose the variables to be considered entirely
for constructing the composite indicator (a set of feasible indicators to consider for the
construction of the indicator). Then, to consider the uncertainty related to the construction
of the composite indicator, a set of possible different random specifications is considered.
In this sense, they simulated 2000 different composite indicators by choosing a different
combination of the variables considered and weights. So, a set of different composite
indicators is obtained, followed by the final interval. In the end, the intervals are estimated
using 2000 simulations defined a priori as sufficient to estimate the intervals for each region.
Thus, different interval-based composite indicators have been calculated, with each interval
including a different number of simulations than the previous interval.

Additionally, the tables provide further evidence that supports this assertion. Two
thousand runs seem to be sufficient for producing results that are consistent and stable.
Appendix A presents the results of the interval-based composite indicator from 1000
and 20,000 simulations (Tables A1 and A2). It is possible to see that the findings are
not significantly different from the results obtained after running 2000 simulations (see
Figure 1). Furthermore, the ranks are pretty robust.

It is also considered a choice of the relevant number of variables on the composite
indicator. They are used for different indicators in the total consideration to evaluate
different measurement approaches in constructing the poverty measure. In this respect,
different results are obtained due to the variability of the different measures. There can
be a weak association between the different indicators so that some regions can perform
better in some indicators than others.

These characteristics can vary during the process of construction of the interval-
based composite indicator. However, other elements on the construction of the composite
indicator do not vary. For instance, the standardization of the different variables does not
vary. At the same time, any outlier detection and missing imputation are not considered
(in our case, there are no missing data detected on the analysis).

The computation of different parameters for the interval composite indicators is
considered: we obtain four measures: the minimum, a measure for the maximum, and
center and radius. It is possible to note that the composite indicator’s outcome comprehends
a ranking for the minimum, the maximum, the center, and the radius. Therefore, the
composite indicator can be interpreted as continuous. Furthermore, interval arithmetic
makes it possible to compute the different prototypes (the interval average, which can be
helpful as a benchmark).

At this point, it is possible to compute a different composite indicator by considering
the random selection of a particular combination from the feasible initial indicators chosen.
In this sense, our Monte Carlo simulation considers a maximum of four factors out of
six with a random weight (we obtained different composite indicators by considering
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both the components and their weights). It was possible to sample the simulated weights
using random number generation; then, we combined the results. In order to arrive at
the ultimate value, we divided each preliminary weight for the total. Given the simulated
composite indicator structure, we constrained the total of the final weights to be 1.

In total, 2000 unique composite indicators were obtained, based on the method above,
and, finally, an interval was quantified. We computed the interval data representing the
different poverty measurements using these results by considering the defined model. We
considered the quantile 0.10 to be the minimum and the quantile 0.90 to be the maximum
in order to avoid outliers and provide a robust version of the interval.

The different rankings were obtained by taking into account the different character-
istics of the interval data: the minimum, the center, the maximum, and also the range.
In the end, a different ranking that can take into account the alternative scenarios was
obtained. Thus, the findings seem to be robust when considering various quantiles in the
study. However, the scenarios with quantiles 0.05 and 0.95 and 0.01 and 0.99 produced the
most significant shift in the ranking, with Campania taking first place rather than Calabria
(Tables A3 and A4). This finding shows that the situation in Campania, depending on the
factors, may be critical.

The interpretation of the center (or mid-point) and the range (or width) is essential. In
this respect, it is possible to interpret the center as the “result” of the composite interval
indicator, which is comparable to the most probable scenario (in this way, compared to the
classical composite indicator analysis, the center could be used). In order to compare the
center, the same composite indicator is computed using the equal weights scenario (Table 3).
The interval range simultaneously is essential because it shows a critical difference in
the results between different composite indicators. It is also possible to observe some
scenarios producing relevant results when significant differences exist between the different
indicators used to construct the composite indicator.

Table 3. Interval Based Composite Indicators: minimum, center, and maximum (ranked for center), center and range
(ranked for range), a classical composite indicator using the equal weights scenario. Reg means region, Lb lower bound, Ce
center, Ub upper bound, Rk rank, Ra range, Ew equal-weighted scenario.

Reg Lb Ce Ub Rk Reg Ce Ra Rk Reg Ew Rk

Sicilia 1.29 1.72 2.16 1 Calabria 1.34 1.11 1 Sicilia 1.76 1
Campania 1.29 1.60 1.90 2 Sardegna 0.75 1.08 2 Campania 1.60 2
Calabria 0.78 1.34 1.89 3 Sicilia 1.72 0.86 3 Calabria 1.31 3
Puglia 0.61 0.87 1.12 4 Molise 0.35 0.76 4 Puglia 0.87 4
Sardegna 0.21 0.75 1.29 5 Basilicata 0.71 0.69 5 Basilicata 0.72 5
Basilicata 0.36 0.71 1.06 6 Campania 1.6 0.61 6 Sardegna 0.72 6
Molise −0.03 0.35 0.73 7 Abruzzo 0.09 0.58 7 Molise 0.38 7
Abruzzo −0.20 0.09 0.38 8 Piemonte −0.39 0.52 8 Abruzzo 0.08 8
Lazio −0.37 −0.21 −0.04 9 Puglia 0.87 0.51 9 Lazio −0.22 9

Piemonte −0.65 −0.39 −0.13 10 Friuli-Venezia
Giulia −0.84 0.49 10 Piemonte −0.42 10

Liguria −0.56 −0.46 −0.36 11 Lazio −0.21 0.33 11 Liguria −0.48 11
Umbria −0.60 −0.47 −0.34 12 Valle d’Aosta −0.66 0.28 12 Umbria −0.48 12
Marche −0.69 −0.55 −0.42 13 Marche −0.55 0.27 13 Marche −0.54 13
Valle d’Aosta −0.80 −0.66 −0.52 14 Umbria −0.47 0.26 14 Valle d’Aosta −0.66 14
Lombardia −0.87 −0.76 −0.66 15 Veneto −1.03 0.26 15 Lombardia −0.78 15
Friuli-Venezia
Giulia −1.09 −0.84 −0.60 16 Toscana −0.98 0.23 16 Friuli-VG −0.84 16

Toscana −1.09 −0.98 −0.87 17 Lombardia −0.76 0.21 17 Toscana −0.98 17
Emilia-Romagna −1.13 −1.03 −0.93 18 Emilia-Romagna −1.03 0.2 18 Veneto −1.01 18

Veneto −1.16 −1.03 −0.90 19 Liguria −0.46 0.2 19 Emilia-
Romagna −1.03 19
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4. Results

In order to analyze the results accurately, it is essential to interpret the different
composite interval indicators computed. We can see the results in Table 3, including
calculating the center and radius of the first interval determined with minimum and
maximum values.

After conducting the different comparisons between the regions, it is possible to ob-
serve that the data indicate that the obtained center’s interval rankings give similar results
regardless of the equal weightings scenario (Table 3). In particular, we can see that the first
ranks tend to be similar. This result means that the results tend to be robust. Therefore, to
evaluate and confirm the robustness of the results, we compared the ranks obtained by the
parameters of the interval-based composite indicator and the equal weightings scenario;
we computed a correlation matrix based on Kendall’s tau correlation coefficient (Table 4).

Table 4. Correlation matrix based on Kendall’s tau correlation considering the different ranks.

Rank Lower Bound Rank Center Rank Upper Bound Rank Range Rank Equal Weights

rank lower bound 1 0.96 0.92 0.58 0.96
rank center 0.96 1 0.95 0.61 0.98

rank upper bound 0.92 0.95 1 0.66 0.95
rank range 0.58 0.61 0.66 1 0.61

rank equal weights 0.96 0.98 0.95 0.61 1

An important observation could be that we can observe differences between the
ranks computed by Sardegna and Basilicata (in this sense, the ranks are inverted). At
the same time, it can be noted that the results for the range allow essential reflections
on the variability of the results. In that respect, the interval range is substantial because
it shows how the results vary considering different weightings or assumptions in the
composite indicator’s construction. In particular, it can be observed that there is an evident
variation between the results, due, for example, to the presence of the shadow sector on
the different first ranked regions. Thus, for example, Calabria, Sardinia, and Sicily show
a higher range than other regions, which the shadow sector’s presence can explain (see
Smith 2005; Bovi and Castellucci 1999).

By analyzing the center’s table of values, the minimum, and the maximum, we can
observe that Sicily has the center’s highest value, followed by Campania and Calabria. It
can then be possible to observe a specific separation of the following regions: Calabria,
Puglia, Sardegna, and Basilicata. The regions that perform well are Italy’s northern regions,
such as Veneto, Emilia-Romagna, Toscana, Friuli Venezia Giulia, and Lombardia. Assuming
that the minimum for each region is considered, the conclusion does not change. It is
possible to find the exact ranking between the interval center and the other descriptors
of the interval as the minimum and the maximum. There are some relevant changes
on Basilicata’s ranking, which perform at a minimum better than Sardegna. The lowest
observations’ rankings tend to be the same for the center, considering the worst regions.
Based on the results, in this respect, the conclusions can be considered robust. Robust
means that we can observe jointly that the first interval tends to have higher values than
the other one for the first ranks.

Calabria and Sardegna are ranked first and second, respectively, which indicates that
they both perform slightly differently on the maximum ranking. Emilia-Romagna loses a
position to Veneto by considering the lowest-performing poverty regions, but the situation
remains stable overall considering the highest performing regions in poverty.

The results are consistent with the range of the intervals observed. The interval range
is computed considering the difference between the maximum and the minimum and
measuring the variation level. Interestingly, Calabria, Sardegna, Sicilia, and Molise show
the highest range between the minimum and the maximum computed. On the other hand,
Toscana, Lombardia, Liguria, and Emilia-Romagna show the lowest results obtained. The
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key findings are that the results depend on the shadow sector’s presence; some variables
are better or worse depending on whether the shadow sector is present.

The variance considers all the different components of the composite indicator and
shows important values for regions with a high range. In particular, when there is a higher
variance between the original variables, in this case, it is possible to obtain the meaningful
radii, which in this case can be interpreted with a different performance on the indicator
by using specific groups of variables rather than other groups of variables. In this regard,
the shadow market is an essential factor. The index of great economic difficulty is slightly
higher than the other variables.

The results are essential in that they allow for the identification and measurement of
poverty in Italy. Simultaneously, some regions with very high interval values are observed
to have a very high center, which can be interpreted as paying particular attention to
these situations (Sicilia, Campania, and Calabria and Puglia perform better). On the one
hand, however, some different statistical variables make it possible to obtain significant
differences with the single composite indicators’ results between the different regions.
So, the interval variability can be determined by considering the different variables that
characterize the indicators, allowing different performances of the underlying compos-
ite indicators.

In this respect, it is possible to determine the range of the interval-based composite
indicator by the variance of the different factors that constructed it.

5. Conclusions

This work aimed to measure poverty in Italy consistently using interval data that
allows using a Monte-Carlo simulation on the different assumptions on which the compos-
ite indicator is constructed to explore the different results. The interval-based composite
indicators show that the highest values of the social phenomenon studied, poverty, are ob-
tained in Sicily, Campania, Calabria, and Puglia. At the same time, Calabria and Sardegna
have a high value for the computed range (the difference between maxima and minima).

These results improve the existing knowledge (see Stranges 2007; Giuliano et al. 2020)
by considering the equal weighting scenario, allowing us to evaluate the result for a single
scenario and study how the results vary considering different scenarios using different
assumptions. In this sense, we have evaluated quantitatively the sensitivity of the different
results considering different scenarios. Instantaneously, it is possible to observe the different
impacts of the variables on the final composite indicator, which can be observed in the
range of interval-based indicators. So It is possible to measure poverty using an interval-
based composite indicator, which combines and considers several different assumptions.
This is a relevant innovation; using a Monte-Carlo simulation, we can construct composite
indicators considering various assumptions, such as weightings. In this case, a significant
finding is also that the range of the composite indicator (determined by the different
performances on the variables considered for each region on the indicator) can allow the
discovery of critical underlying and latent phenomena which can be discovered using
this approach. In general, considering the methodological findings and conclusions, these
composite indicators obtain consistent results and consider many different assumptions
less sensitive to subjective assessments. In particular, they can consider many different
factors of variation of a composite indicator (for example, weightings or different structures
of the composite indicator) and consider the different combinations of factors identified in
constructing the composite indicator. In the end, the uncertainty of the composite indicator
can be endogenized and usefully compared.

The interval-based composite center indicates the composite indicator’s final value,
which may differ from the value identified on a single scalar composite indicator. The lower
bound (the minimum) and the upper bound (the maximum) can also be considered critical
indicators of extreme scenarios that can be usefully compared. At the same time, this is
an important finding and result for policymakers: minima and maxima allow the design
of economic policies because there can be uncertainty in the results obtained. Policies can
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consider these extreme scenarios as policy targets. In this sense, the policy aims to improve
the minima representing some relevant territorial weaknesses.

Simultaneously, the range has a vital interpretation: it can identify significant differ-
ences in the different single indicators, further explored through a multivariate analysis. In
the theoretical field of the subject, a significant result is that, by using these interval-based
composite indicators, we can observe that the result of the indicator which uses poverty
is also associated with the presence and size of the shadow sector. In this sense, we can
observe a relevant association between a poverty indicator (synthesizing different variables
related to poverty) and the size of the shadow sector.

Additionally, in this sense, the final results are more reliable than other composite
indicators and can be used for policy purposes. In this respect, as theoretical and manage-
ment implications, there is the possibility of using composite indicators based on intervals
that allow the consideration of the variability of the information of a composite indicator.
However, the results of the composite indicator are less reliable than intervals based on
a lower range because of higher variability (more extensive range) because scenarios or
simulations are hugely different. Then, from the ranking analysis based on the lower and
upper bound, it is possible to investigate viable policies to improve the ranking based on
weaknesses and strong points.

On the other hand, limitations of this work are related to the fact that the number of
the variables can be increased, and it is possible to consider a more complex structure of
composite indicators, which considers many different blocks of variables. In this sense, a
possible future development can be the construction of interval-based composite indicators
based on a different structure. Additionally, approaches to define and increase the number
of simulations to perform will be considered in the future.

It is possible to address other two other connected limitations. First, there is a higher
difficulty explaining and communicating interval-based composite indicators (centers,
upper and lower bounds) than composite indicators based on single values (or “tiny
interval”, see Palumbo and Lauro 2003). In addition, it is challenging to communicate
rankings on radii from a single interval-based composite indicator.

It is possible to eliminate or mitigate the subjectivity associated with applying certain
assumptions (such as a structural definition of the composite indicator or a weighting
system). Using this approach, we endogenize the robustness and the uncertainty analysis
based on the uncertain factors in the construction of the composite indicators (on the role of
the robustness and uncertainty analysis, see Saisana et al. 2005). There is a clear advantage
in interpreting the composite indicator. First, the “center” represents the expected value;
the range can allow comparison and reliability of the valuable central value in economic
policy. Second, a considerable interval means that the different assumptions can lead to
a very different scenario. Small intervals can show a homogeneous and stable situation,
leading to an intervention. Finally, a lower and upper bound can lead to policy evaluations
because they can show relevant scenarios that can improve or be very important. After all,
they can show solid and weak points.

Another relevant point is the exploration of different ways to measure the intervals.
In this respect, an attractive possible future development is to consider the intervals for
computation robust central tendency (trimmed mean, median, Winsorized mean, Tukey’s
bi-weight mean) instead of simple interval measures. The approaches to computing the
intervals allow for dealing with extreme results for composite indicators. It also proposed
several novel approaches (Gatto and Drago 2021) for robustifying the results. For example,
they used an interval of ranks of the original values of the composite indicator instead.
The extreme scenarios’ analysis and the decomposition of the intervals using bi-clustering
procedures are proposed (Drago 2019).

Finally, by considering the theoretical point of view, it could be essential to explore
the relationships between these indicators’ results and the shadow sector.
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Appendix A

Appendix A.1. Interval-Based Composite Indicator: 1000 Simulations (Ranked by Center)

Table A1. Interval based composite indicator computed using 1000 simulations. Reg means region, Lb lower bound, Ce
center, Ub upper bound, Ra range, Ew equal-weighted scenario.

Reg Lb Ce Ub Re Ce Ra

Sicilia 1.32 1.73 2.15 Calabria 1.34 1.09
Campania 1.3 1.6 1.89 Sardegna 0.74 1.05
Calabria 0.79 1.34 1.88 Sicilia 1.73 0.83
Puglia 0.61 0.87 1.12 Molise 0.35 0.76
Sardegna 0.21 0.74 1.27 Basilicata 0.7 0.67
Basilicata 0.36 0.7 1.03 Abruzzo 0.09 0.59
Molise −0.03 0.35 0.73 Campania 1.6 0.59
Abruzzo −0.2 0.09 0.39 Piemonte −0.4 0.52
Lazio −0.37 −0.2 −0.04 Puglia 0.87 0.51
Piemonte −0.66 −0.4 −0.14 Friuli-Venezia Giulia −0.85 0.5
Liguria −0.56 −0.46 −0.36 Lazio −0.2 0.34
Umbria −0.6 −0.47 −0.34 Valle d’Aosta −0.65 0.28
Marche −0.68 −0.55 −0.42 Umbria −0.47 0.26
Valle d’Aosta −0.8 −0.65 −0.51 Marche −0.55 0.26
Lombardia −0.87 −0.76 −0.66 Veneto −1.02 0.25
Friuli-Venezia Giulia −1.09 −0.85 −0.6 Toscana −0.98 0.23
Toscana −1.1 −0.98 −0.87 Lombardia −0.76 0.2
Veneto −1.15 −1.02 −0.9 Emilia-Romagna −1.03 0.2
Emilia-Romagna −1.13 −1.03 −0.93 Liguria −0.46 0.2

Appendix A.2. Interval Based Composite Indicator: 20,000 Simulations (Ranked by Range)

Table A2. Interval-based composite indicator computed using 20,000 simulations. Reg means region, Lb lower bound, Ce center, Ub
upper bound, Ra range, Ew equal-weighted scenario.

Reg Lb Ce Ub Re Ce Ra

Sicilia 1.3 1.73 2.15 Calabria 1.34 1.1
Campania 1.29 1.59 1.89 Sardegna 0.74 1.08
Calabria 0.79 1.34 1.89 Sicilia 1.73 0.84
Puglia 0.61 0.86 1.12 Molise 0.34 0.78
Sardegna 0.2 0.74 1.28 Basilicata 0.71 0.68
Basilicata 0.37 0.71 1.05 Campania 1.59 0.6
Molise −0.06 0.34 0.73 Abruzzo 0.09 0.59
Abruzzo −0.2 0.09 0.38 Piemonte −0.39 0.52
Lazio −0.37 −0.21 −0.05 Puglia 0.86 0.52
Piemonte −0.66 −0.39 −0.13 Friuli-Venezia Giulia −0.84 0.5
Liguria −0.56 −0.46 −0.36 Lazio −0.21 0.33
Umbria −0.6 −0.46 −0.33 Valle d’Aosta −0.66 0.28
Marche −0.68 −0.55 −0.42 Umbria −0.46 0.27
Valle d’Aosta −0.8 −0.66 −0.52 Marche −0.55 0.26
Lombardia −0.87 −0.76 −0.66 Veneto −1.03 0.26
Friuli-Venezia Giulia −1.09 −0.84 −0.59 Toscana −0.97 0.23
Toscana −1.09 −0.97 −0.86 Lombardia −0.76 0.21
Emilia-Romagna −1.12 −1.02 −0.92 Emilia-Romagna −1.02 0.2
Veneto −1.15 −1.03 −0.9 Liguria −0.46 0.2
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Appendix B

Appendix B.1. Interval Based Composite Indicator: Quantile 0.01/0.99 (Ranked by Center and Range)

Table A3. Interval-based composite indicator computed using quantile 0.01/0.99. Reg means region, Lb lower bound, Ce center, Ub
upper bound, Ra range, Ew equal-weighted scenario.

Reg Lb Ce Ub Re Ce Ra

Sicilia 1.38 1.78 2.19 Calabria 1.47 1.2
Campania 1.36 1.67 1.98 Sardegna 0.88 1.16
Calabria 0.87 1.47 2.07 Sicilia 1.78 0.8
Puglia 0.66 0.91 1.17 Molise 0.42 0.73
Sardegna 0.3 0.88 1.46 Basilicata 0.79 0.71
Basilicata 0.43 0.79 1.14 Campania 1.67 0.62
Molise 0.05 0.42 0.78 Abruzzo 0.16 0.6
Abruzzo −0.14 0.16 0.46 Piemonte −0.33 0.58
Lazio −0.35 −0.17 0.01 Friuli-Venezia Giulia −0.79 0.53
Piemonte −0.63 −0.33 −0.04 Puglia 0.91 0.51
Liguria −0.55 −0.44 −0.32 Lazio −0.17 0.36
Umbria −0.59 −0.44 −0.28 Valle d’Aosta −0.62 0.3
Marche −0.66 −0.53 −0.4 Umbria −0.44 0.3
Valle d’Aosta −0.77 −0.62 −0.47 Marche −0.53 0.26
Lombardia −0.86 −0.74 −0.62 Toscana −0.96 0.25
Friuli-Venezia Giulia −1.05 −0.79 −0.52 Veneto −1 0.24
Toscana −1.08 −0.96 −0.83 Lombardia −0.74 0.24
Emilia-Romagna −1.11 −1 −0.9 Liguria −0.44 0.23
Veneto −1.12 −1 −0.88 Emilia-Romagna −1 0.21

Appendix B.2. Interval Based Composite Indicator: Quantile 0.05/0.95 (Ranked by Center and Range)

Table A4. Interval-based composite indicator computed using quantile 0.05/0.95. Reg means region, Lb lower bound, Ce center, Ub
upper bound, Ra range, Ew equal-weighted scenario.

Reg Lb Ce Ub Reg Ce Ra

Sicilia 1.14 1.66 2.19 Calabria 1.37 1.39
Campania 1.19 1.58 1.98 Sardegna 0.78 1.36
Calabria 0.67 1.37 2.07 Sicilia 1.66 1.05
Puglia 0.53 0.85 1.17 Molise 0.29 0.98
Sardegna 0.1 0.78 1.46 Basilicata 0.7 0.89
Basilicata 0.25 0.7 1.14 Campania 1.58 0.79
Molise −0.2 0.29 0.78 Abruzzo 0.09 0.73
Abruzzo −0.28 0.09 0.46 Piemonte −0.37 0.65
Lazio −0.41 −0.2 0.01 Puglia 0.85 0.64
Piemonte −0.69 −0.37 −0.04 Friuli-Venezia Giulia −0.83 0.61
Liguria −0.57 −0.45 −0.32 Lazio −0.2 0.42
Umbria −0.62 −0.45 −0.28 Valle d’Aosta −0.65 0.36
Marche −0.72 −0.56 −0.4 Umbria −0.45 0.33
Valle d’Aosta −0.83 −0.65 −0.47 Veneto −1.05 0.33
Lombardia −0.88 −0.75 −0.62 Marche −0.56 0.33
Friuli-Venezia Giulia −1.14 −0.83 −0.52 Toscana −0.97 0.27
Toscana −1.1 −0.97 −0.83 Lombardia −0.75 0.26
Emilia-Romagna −1.15 −1.02 −0.9 Emilia-Romagna −1.02 0.25
Veneto −1.21 −1.05 −0.88 Liguria −0.45 0.25
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Dehnel, Grażyna, and Marek Walesiak. 2019. A comparative analysis of economic efficiency of medium-sized manufacturing

enterprises in districts of Wielkopolska province using the hybrid approach with metric and interval-valued data. Statistics in
Transition New Series 20: 49–67. [CrossRef]

Drago, Carlo. 2017. Interval-Based Composite Indicators. FEEM Working Paper No. 42.2017. Available online: https://ssrn.com/
abstract=3038751 (accessed on 23 December 2018).

Drago, Carlo. 2018. Il monitoraggio della domanda di reddito di cittadinanza in tempo reale facendo uso di Big Data: un’analisi basata
su indicatori ad intervallo. In V Convegno Nazionale dell’Associazione Italiana per gli Studi sulla Qualità della Vita-Fiesole. Genova:
Genova University Press.

Drago, Carlo. 2019. Decomposition of the Interval Based Composite Indicators by Means of Biclustering (September 2019). Paper
presented at CLADAG 2019 12th Scientific Meeting Classification and Data Analysis Group Cassino, Cassino, Italy, September
11–13.

Drago, Carlo, and Andrea Gatto. 2018. A robust approach to composite in dicators exploiting interval data: The Interval-Valued
Global Gender Gap Index (IGGGI). Paper presented at Ipazia 4th Workshop on Gender: Culture and Gender Issues, Rome, Italy,
March 9.

Fura, Barbara, Jolanta Wojnar, and Beata Kasprzyk. 2017. Ranking and classification of EU countries regarding their levels of
implementation of the Europe 2020 strategy. Journal of Cleaner Production 165: 968–79. [CrossRef]

Gatto, Andrea, and Carlo Drago. 2020. Measuring and modeling energy resilience. Ecological Economics 172: 106527. [CrossRef]
Gatto, Andrea, and Carlo Drago. 2021. When Renewable Energy, Empowerment, and Entrepreneurship connect: Measuring Energy

Policy Effectiveness in 230 Countries. Energy Research and Social Science Forthcoming 78: 101977. [CrossRef]
Gioia, Federica, and Carlo N. Lauro. 2005. Basic statistical methods for interval data. Statistica Applicata 17: 75–104.
Giuliano, Giovanna, Paolo Raciti, and Simona Tenaglia. 2020. An Application of Multidimensional Poverty Indicator to Survey

Data. Working Paper. Available online: https://www.researchgate.net/publication/242528494_AN_APPLICATION_OF_
MULTIDIMENSIONAL_POVERTY_INDICATOR_TO_SURVEY_DATA (accessed on 23 December 2018).

Grzegorzewski, Przemyslaw. 2018. Measures of Dispersion for Interval Data. In International Conference Series on Soft Methods in
Probability and Statistics. Cham: Springer, pp. 91–98.

Hansen, Kirstine, and Dylan Kneale. 2013. Does how you measure income make a difference to measuring poverty? Evidence from the
UK. Social Indicators Research 110: 1119–40. [CrossRef]

Hellwig, Zdzislaw. 1972. Procedure of Evaluating High-Level Manpower Data and Typology of Countries by Means of the Taxonomic
Method. In Towards a system of Human Resources Indicators for Less Developed Countries, Papers Prepared for UNESCO Research Project,
Ossolineum. Edited by Gostkowski Zygmunt. Wrocław: The Polish Academy of Sciences Press, pp. 115–34.

http://doi.org/10.1016/j.jpubeco.2010.11.006
http://doi.org/10.1177/0973703020110201
http://doi.org/10.1016/j.ecolind.2017.03.056
http://www.ncbi.nlm.nih.gov/pubmed/28867964
http://doi.org/10.2498/cit.1001390
http://doi.org/10.1198/016214503000242
http://doi.org/10.1023/A:1023913831342
http://doi.org/10.1007/s11205-010-9727-z
http://doi.org/10.21307/stattrans-2019-014
https://ssrn.com/abstract=3038751
https://ssrn.com/abstract=3038751
http://doi.org/10.1016/j.jclepro.2017.07.088
http://doi.org/10.1016/j.ecolecon.2019.106527
http://doi.org/10.1016/j.erss.2021.101977
https://www.researchgate.net/publication/242528494_AN_APPLICATION_OF_MULTIDIMENSIONAL_POVERTY_INDICATOR_TO_SURVEY_DATA
https://www.researchgate.net/publication/242528494_AN_APPLICATION_OF_MULTIDIMENSIONAL_POVERTY_INDICATOR_TO_SURVEY_DATA
http://doi.org/10.1007/s11205-011-9976-5


Economies 2021, 9, 145 16 of 17

Kakwani, Nanak, and Jacques Silber, eds. 2008. Quantitative Approaches to Multidimensional Poverty Measurement. Berlin/Heidelberg:
Springer.

Kamanou, Gisele, Michael Ward, and Ivo Havinga. 2005. Chapter VI. Statistical Issues in Measuring Poverty from Non-Household Survey
Sources. Available online: https://unstats.un.org/unsd/methods/poverty/pdf/Chapter-6.pdf (accessed on 28 December 2018).

Kim, Sung-Geun. 2016. What have we called as “poverty”? A multidimensional and longitudinal perspective. Social Indicators Research
129: 229–76. [CrossRef]

Kuc-Czarnecka, Marta, Samuele Lo Piano, and Andrea Saltelli. 2020. Quantitative storytelling in the making of a composite indicator.
Social Indicators Research 149: 775–802. [CrossRef]

Lauro, Carlo N., and Francesco Palumbo. 2000. Principal component analysis of interval data: A symbolic data analysis approach.
Computational Statistics 15: 73–87. [CrossRef]

Lemmi, Achille A., and Gianni Betti, eds. 2006. Fuzzy Set Approach to Multidimensional Poverty Measurement. Berlin/Heidelberg: Springer.
Lok-Dessallien, Renata. 1999. Review of Poverty Concepts and Indicators. UNDP Social Development Poverty Elimination Division

Poverty Reduction Series From; p. 21. Available online: http://www.undp.orgpovertypublicationspovReviewpdf (accessed on
27 December 2018).

Mabughi, Nyiwul, and Tarek Selim. 2006. Poverty as Social Deprivation: A Survey. Review of Social Economy 64: 181–204. [CrossRef]
Maggino, Filomena. 2009. La Misurazione dei Fenomeni Sociali Attraverso Indicatori Statistici. Aspetti Metodologici. Working Paper. Florence:

Università degli Studi di Firenze, Available online: www.eprints.unifi.it (accessed on 27 December 2018).
Marlier, Eric, and Anthony B. Atkinson. 2010. Indicators of poverty and social exclusion in a global context. Journal of Policy Analysis

and Management 29: 285–304. [CrossRef]
Mauro, Vincenzo, Mario Biggeri, and Filomena Maggino. 2018. Measuring and monitoring poverty and well-being: A new approach

for the ssynthesis of multidimensionality. Social Indicators Research 135: 75–89. [CrossRef]
Mazziotta, Matteo, and Adriano Pareto. 2016. On a generalized non-compensatory composite index for measuring socio-economic

phenomena. Social Indicators Research 127: 983–1003. [CrossRef]
Mazziotta, Matteo, and Adriano Pareto. 2018. Measuring well-being over time: The adjusted Mazziotta–Pareto index versus other

non-compensatory indices. Social Indicators Research 136: 967–76. [CrossRef]
Mballo, Chérif, and Edwin Diday. 2005. Decision trees on interval valued variables. The Electronic Journal of Symbolic Data Analysis 3:

8–18.
Mlodak, Andrzej. 2014. On the construction of an aggregated measure of the development of interval data. Computational Statistics 29:

895–929. [CrossRef]
Moore, Ramon E. 1979. Methods and Applications of Interval Analysis. Philadelphia: Society for Industrial and Applied Mathematics.
Nardo, Michela, Michaela Saisana, Andrea Saltelli, Stefano Tarantola, Anders Hoffman, and Enrico Giovannini. 2005. Handbook on

Constructing Composite Indicators: Methodology and User Guide. Statistics Working Paper JT00188147. Paris: Organisation for
Economic Cooperation and Development.

Palumbo, Francesco, and Carlo N. Lauro. 2003. A PCA for interval-valued data based on midpoints and radii. In New Developments in
Psychometrics. Tokyo: Springer, pp. 641–48.

Paruolo, Paolo, Michaela Saisana, and Andrea Saltelli. 2013. Ratings and rankings: Voodoo or science? Journal of the Royal Statistical
Society: Series A (Statistics in Society) 176: 609–34. [CrossRef]

Qi, Xiaobo, Husheng Guo, Zadorozhnyi Artem, and Wenjian Wang. 2020. An Interval-Valued Data Classification Method Based on the
Unified Representation Frame. IEEE Access 8: 17002–12. [CrossRef]

Saisana, Michaela, Andrea Saltelli, and Stefano Tarantola. 2005. Uncertainty and sensitivity analysis techniques as tools for the quality
assessment of composite indicators. Journal of the Royal Statistical Society: Series A (Statistics in Society) 168: 307–23. [CrossRef]

Saltelli, Andrea. 2016. Sensitivity Analysis: An Introduction. Paper presented at Summer School on Sensitivity Analysis SAMO 2016,
Anacapri, Italy, July 4–8.

Saltelli, Andrea, Marco Ratto, Terry Andres, Francesca Campolongo, Jessica Cariboni, Debora Gatelli, Michaela Saisana, and Stefano
Tarantola. 2008. Global Sensitivity Analysis: The Primer. Hoboken: John Wiley & Sons.

Schang, Laura, Yrjänä Hynninen, Alec Morton, and Ahti Salo. 2016. Developing robust composite measures of healthcare quality–
Ranking intervals and dominance relations for Scottish Health Boards. Social Science & Medicine 162: 59–67.

Sen, Amartya. 1982. Poverty and Famines: An Essay on Entitlement and Deprivation. Oxford: Oxford University Press.
Sen, Amartya. 1988. The Standard of Living. Cambridge: Cambridge University Press.
Sen, Amartya. 1992. Inequality Reexamined. Oxford: Oxford University Press.
Sindzingre, Alice. 2007. The multidimensionality of poverty: An institutionalist perspective. In The many Dimensions of Poverty. London:

Palgrave Macmillan, pp. 52–74.
Smith, Anthony. 2005. Lurking in the shadows—Italy’s other economy. The Florentine, June 9.
Song, Peng, Jiye Liang, and Yuhua Qian. 2012. A two-grade approach to ranking interval data. Knowledge-Based Systems 27: 234–44.

[CrossRef]
Stéphane, Mussard, and Pi Alperin María Noel. 2005. Multidimensional Decomposition of Poverty: A Fuzzy Set Approach. Sherbrooke:

University of Sherbrooke.
Stranges, Manuela. 2007. Poverty and social exclusion in the Italian regions: An attempt of measurement through a simple index.

Dynamiques de Pauvretés et Vulnérabilités en Démographie et en Sciences Sociales: Actes de la Chaire Quetelet 2011: 59.

https://unstats.un.org/unsd/methods/poverty/pdf/Chapter-6.pdf
http://doi.org/10.1007/s11205-015-1101-8
http://doi.org/10.1007/s11205-020-02276-0
http://doi.org/10.1007/s001800050038
http://www.undp.orgpovertypublicationspovReviewpdf
http://doi.org/10.1080/00346760600721122
www.eprints.unifi.it
http://doi.org/10.1002/pam.20492
http://doi.org/10.1007/s11205-016-1484-1
http://doi.org/10.1007/s11205-015-0998-2
http://doi.org/10.1007/s11205-017-1577-5
http://doi.org/10.1007/s00180-013-0469-7
http://doi.org/10.1111/j.1467-985X.2012.01059.x
http://doi.org/10.1109/ACCESS.2020.2967780
http://doi.org/10.1111/j.1467-985X.2005.00350.x
http://doi.org/10.1016/j.knosys.2011.10.007


Economies 2021, 9, 145 17 of 17

Sunaga, Teruo. 1958. Theory of interval algebra and its application to numerical analysis. RAAG Memoirs 2: 209. [CrossRef]
Walesiak, Marek. 2018. The choice of normalization method and rankings of the set of objects based on composite indicator values.

Statistics in Transition—New Series 19: 693–710. [CrossRef]
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