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Abstract
Objectives Recently, the Italian Institute of Statistics (ISTAT) and the National Council for Economy and Labor (CNEL)

have proposed a measure for the equitable and sustainable well-being called the BES (‘‘Benessere Equo e Sostenibile’’).

This paper aims to propose an original application of the fuzzy k-means approach to providing an analysis of the Italian

regions according to their BES.

Methods The fuzzy k-means algorithm was used for clustering the Italian regions according to BES data 2015. Afterwards,

a principal component analysis was conducted to show and interpret the results.

Results There is a clear difference between the regions of the North and the South. The only exceptions are represented by

Lazio and Abruzzo, which belong to both groups with almost equal degrees of truth. Moreover, Trentino-Alto Adige and

Valle d’Aosta exhibit the best condition, whilst Molise is the worst region.

Conclusions This study reveals that some Italian regions are in a state of backwardness regarding health, environment,

minimum economic conditions, subjective well-being, education, employment conditions, social relationships, and

working conditions. Therefore, institutions should consider local policies to address these issues.

Keywords BES � Well-being � Fuzzy k-means � Inequalities � Italian regions

Introduction

For several decades, the gross domestic product (GDP) has

been considered as the most relevant measure to assess

well-being and countries’ development (Easterlin 1974;

Kubiszewski et al. 2013; OECD 2015; Felice 2016). In the

last decades, this indicator has been used as a metric for

assessing the living standards of people and, in general,

their quality of life. However, a high level of GDP does not

automatically imply that people are happy, satisfied, and

have a good well-being condition, compared with those

living in a country with a lower GDP (Marmot 2002;

Vanoli 2010). In truth, well-being also depends on the

freedom of choice in the political and social sphere, as well

as on its perception, healthcare access, education, and

many other domains (Graziani 1981; Dasgupta and Weale

1992; Burchi and Gnesi 2015). The economic condition is

undoubtedly a key variable in determining people’s quality

of life because it affects the capacity to have a more

stable and pleasant standard of living.

Moreover, greater financial opportunities favour access

to better services of health, education, and social rela-

tionships, by increasing the state of global well-being

(Brandolini and Vecchi 2013; Insch and Florek 2008; Di

Spalatro et al. 2017; Bellomo et al. 2017). Currently, in the

industrialised countries, and particularly in Italy, there is a
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profound debate on the necessity of considering the

development of a nation not only in merely numerical

terms of GDP, but also based on much broader criteria,

which are able to reflect and translate into practice a more

authentic and all-encompassing index of citizens’ well-

being (D’Acci 2010; Oishi and Kesebir 2015). For this

reason, recently, the Italian National Institute of Statistics

(ISTAT) has shown significant interest in the topic of well-

being with many initiatives.

One of the reasons is certainly the economic situation of

the country. ‘‘Italy is arguably the only Western country

where regional imbalances still play a major role nowa-

days’’ (Felice 2017). Indeed, Italy is divided into two parts:

a Centre-North much more homogeneous internally and a

poorer South. Moreover, the effectiveness of state inter-

vention in the South is almost absent due to growing

political clientelism, bad industrial choices, and organised

crime (Felice 2017). At the same time, the regions of

Central Italy have always held an ambiguous position;

from a historical perspective, they have been assimilated

both to the North, in terms of economic development, and

to the South, when dealing with sociocultural aspects

(Felice and Vasta 2015; Felice 2018).

This ambiguous position of the regions located in Cen-

tral Italy suggests that the gap between North and South is

an erroneous convention which forces to a crisp classifi-

cation (into two macro-groups) which does not correspond

to the reality. Therefore, starting from the Sen’s perspec-

tive of well-being (Sen 1993), we aim at understanding if

the fuzzy k-means approach may detect areas presenting

nuances in the conditions of well-being.

In 2010, ISTAT, jointly with the CNEL, conducted a

research program aimed at creating a ‘‘Steering Committee

on measuring the progress of Italian society’’ (ISTAT 2016).

The final objective of this initiative was to build a set of 134

indicators of equitable and sustainable well-being (BES).

This set of indices, grouped into 12 domains (or dimensions),

had the goal of capturing the progress of communities by

considering, as well as economic aspects, some environ-

mental factors whose definitions are based on fundamental

criteria of equity, social, and collective sustainability.

The final purpose of this study is to provide a useful

tool for policy-makers to monitor their local area condi-

tions, assess well-being inequalities within Italy, and pro-

mote human health through organised efforts and informed

choices of the society, with the involvement of public and

private organisations, communities, and individuals.

The paper is structured as follows. ‘‘Methods’’ section

includes the description of the dataset and a summary of

the fuzzy k-means algorithm. ‘‘Results’’ section displays

our results, whereas ‘‘Discussion’’ section presents the

discussion. The paper ends with the conclusions regarding

our proposed research.

Methods

Data

The variables used in this study are collected from the

censuses carried out by the Italian National Statistical

Institute and explicitly organised in the BES 2016 report

(ISTAT 2016). This report provides an integrated picture of

the main economic, social, and environmental phenomena

which have characterised the recent evolution of Italy

through the analysis of a broad set of indicators, divided

into 12 domains. Starting from 2010, these domains have

been implemented and developed by ISTAT. Moreover,

134 indicators have been identified to find those aspects

with a direct impact on human and environmental well-

being and those measuring functional elements to improve

the well-being of the community and environment which

surrounds it. From 2015 onwards, the BES report also

proposes synthetic measures for assessing the overall trend

of several domains (Oishi and Kesebir 2015; Davino et al.

2016; Calcagnini and Perugini 2018). These allow the

aggregation of some indicators, summarising a domain into

a single value. The method used for the calculation of these

composite indicators guarantees territorial and temporal

comparability. The composite indicators were developed

only for nine outcome domains, i.e. those having a direct

impact on well-being. For these reasons, entire domains

(policy and institutions, research and innovation, and

quality of services) or individual indicators were excluded

from the calculation. For the interpretation of the data,

ISTAT assumes that the starting values of the composite

domain indicators, at 2010, are equal to 100. To guarantee

the comparability of the results at a spatial and temporal

level, ISTAT uses COMIC, a generalised software for the

synthesis of indicators, which provides fair values, that is,

purified by the measurement unit (ISTAT 2016). Table 1

shows the nine domains considered by the BES 2016 report

and their respective description.

The fuzzy k-means algorithm

Cluster analysis techniques are often used in applied sta-

tistical studies to search for hidden structures and groups

within large datasets. Recently, this methodology has also

been widely applied in health studies (Lefèvre et al. 2014;

Liao et al. 2016); however, all studies focus on a classic

multivariate approach to clustering. In summary, clustering

methods can be classified as hard clustering (or exclusive

clustering) or soft clustering (overlapping clustering). The

main limit of the former technique is that data are grouped

exclusively so that if a unit belongs to a defined group, it

cannot be included in another cluster (Bezdek 1981; Bora
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and Gupta 2014). On the contrary, in the latter method, the

groupings are made so that a statistical unit can belong to

several groups with a different degree of belonging. In

many situations, this type of technique appears more nat-

ural. In fact, the objects on the borders between several

groups are not forced to belong to one of the groups fully

but rather degrees of belonging to the interval [0, 1] are

assigned.

In details, the fuzzy k-means method is an unsupervised

classification algorithm proposed by Bezdek (Bezdek

1981). It is the most widely used fuzzy classification cri-

terion and is an extension of the crisp k-means method. In

the initial phase of the procedure, similar to the crisp

version of the algorithm, the researcher decides the number

of clusters c into which he aims to classify the n units with

p variables. A validation criterion based on the use of

specific tests can be used to select the optimal number of

groups. The algorithm proceeds iteratively through the

minimisation of an objective function, from which a fuzzy

classification is obtained where, for each unit, it is deter-

mined the degree of membership to the c groups. The

degree of membership of the i units to the k group, denoted

by uik, satisfies the following constraints:

0� uik � 1

and

Xc

k¼1

uik ¼ 1;

where i = 1, …, n and k = 1, …, c. We denote as Jm the

objective function to minimise used to calculate the opti-

mal values of the degrees of membership. It depends on

both the distance, dik, between the ith unit and the centroid

of the kth group, and the parameter m which adjusts the

level of fuzziness. Thus,

Jm U; vð Þ ¼
Xc

k¼1

Xn

i¼1

umikd
2
ik;

where dik = |xi- vk|, xi [ Rp, is the ith component of units

vector, vk [ Rp is the kth component of the centroid vector,

U is the matrix of the degree of membership of dimension

n 9 c, and m [ [1, ?!). Thus, the variables on which the

minimisation is performed are the cluster centres and the

degrees of membership. The objective function Jm mea-

sures the quadratic error by which the n units are repre-

sented within the centroids; of course, it depends on how

the units are arranged in the groups and measures the

dispersion of them around the centres. The optimal parti-

tion is that minimising Jm. The value of the parameter m to

be chosen represents the degree of fuzziness, i.e. how the

resulting partition must be blurred. Since this method

represents a generalisation of the classical k-means method,

it generally presents the same type of problems which

mainly consist in the difficulty of choosing the initial

number of groups. Another main question concerns the

choice of the value of the parameter m which regulates the

level of fuzziness. The empirical applications implemented

with the fuzzy k-means method have shown that there is no

optimal value for the m parameter, but it can vary

according to the different contexts.

The silhouette plot is used for the interpretation and

validation of the consistency within the clusters of data

whilst the principal component analysis (PCA) is proposed

to obtain a graphical representation of our results.

All the analyses are performed by using the R statistical

environment (version 3.4.3). The descriptive statistics are

Table 1 Nine outcome domains of the Report on equitable and sustainable well-being (BES: ‘‘Benessere Equo e Sostenibile’’)

Domain Variables’ name Description

Health HEALTH It describes objective, functional, and subjective health

Education and

training

EDUC It considers the participation in kindergartens, levels of education, school dropouts, and continuing

education

Employment EMPLOY_QUAL It considers work participation and job satisfaction

Quality of work WORK_QUAL It considers labour quality indicators (e.g. fixed-term employment, lower remuneration than the

median value, and irregular employment)

Income INCOME It is about income, wealth, and consumptions

Minimum economic

conditions

EC_CONDIT It evaluates the material deprivation, very low intensity of family work, quality of houses, and

difficulty to have enough money for personal consumptions

Social relations SOC_REL It deals with the individual well-being regarding relationships

Satisfaction for life SUB_W-B It describes the cognitive dimension, i.e. the process by which everyone evaluates (in terms of

‘‘satisfaction’’) his life in a retrospective way

Environment ENVIR It regards pollution, biodiversity protection, energy, and citizens’ perception

Italy 2016
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achieved using the ‘‘sjPlot’’ package (Lüdecke 2018). To

choose the optimum number of groups, the ‘‘PC’’ (partition

coefficient), ‘‘MPC’’ (modified partition coefficient), and

‘‘SIL.F’’ (fuzzy silhouette index) functions contained in the

R package ‘‘Fclust’’ are used (Bezdek 1981; Ferraro and

Giordani 2015). The ‘‘fanny’’ (Maechler et al. 2018)

function, which is in the R package ‘‘cluster’’, is used for

the fuzzy clustering, and the ‘‘PCA’’ function, located in

the ‘‘FactorMineR’’ R package, is adopted (Le et al. 2008).

Results

Table 2 shows the descriptive statistics of the nine BES

domains assessed for 20 Italian regions by considering the

2015 data. The reference year is 2010, i.e. the indicators for

this year are all equal to 100. First, we can observe that the

indicators of education, health, and environment have had a

noticeable improvement over the last 5 years. On the

contrary, we can note that the subjective well-being

perceived by individuals has worsened considerably in

recent years. Moreover, the unemployment domain is

characterised by a very high variability (18.45) which

indicates that there are several regions where the unem-

ployment rate is very high.

Figure 1 shows the value of the three clustering indices

(PC: partition coefficient, MPC: modified partition coeffi-

cient, and SIL.F: fuzzy silhouette) according to the number

of groups. Precisely, these three are calculated from 2 to 10

groups, confirming that the classification with fuzzy clus-

tering must be performed into two groups. Indeed, the three

statistics to identify the optimal number of groups reach

their maximum in correspondence with a number of groups

equal to 2.

Table 3 indicates the degrees of membership of each

region to the two clusters. Naturally, in harmony with the

logic of fuzzy clustering, each region belongs to both

groups with a certain degree of truth. From a first analysis

of the table, the areas of Northern Italy have a very high

degree of membership to cluster 1, whilst the regions of

Southern Italy and the islands are better represented by

cluster 2. Lazio and Abruzzo have a similar degree of

membership to both clusters. Table 3 also shows the Nor-

malised Dunn’s coefficient. This index ranges from 0 to 1,

and in case of high values, we can state the existence of a

very crisp clustering. In this case, we obtain a value equal

to 0.36 from which we can conclude that the use of this

fuzzy clustering well represents the observed phenomenon.

Figure 2 illustrates the silhouette values for each region.

The amplitude of the silhouette is used to study the

goodness of the adaptation of the fuzzy cluster. It provides

a measure of the closeness of each unit to units in the near

group which can vary between -1 and 1. A coefficient

close to 1 indicates that the unit is very far from the

neighbouring cluster, whilst a value of 0 means that the

unit is very close to the next cluster, and therefore, we are

in a very nuanced situation. Lombardia, Veneto, Emilia-

Table 2 Descriptive statistics of the 20 Italian regions

Observation n Mean SD Median Min. Max.

SUB_W-B 20 90.37 11.25 89.96 68.88 120.62

EDUC 20 108 9.77 109.52 87.39 125.92

HEALTH 20 103.49 8.75 103.83 86.33 121.31

ENVIR 20 105.74 6.98 105.66 90.23 121.25

INCOME 20 99.59 12.47 102.36 74.44 116.75

EC_CONDIT 20 94.99 10.93 98.99 70.33 106.91

WORK_QUAL 20 93.54 11.58 97.8 69.73 108.33

EMPLOY_QUAL 20 99.8 18.45 109.79 67.24 122.64

SOC_REL 20 99.63 12.01 103.34 79.14 125.77

The values shown are purified by the unit of measurement. Data are

gathered from the Report on the equitable and sustainable well-being

(BES: ‘‘Benessere Equo e Sostenibile’’). Italy 2016

Fig. 1 PC (partition

coefficient), MPC (modified

partition coefficient), SIL.F

(fuzzy silhouette), according to

the number of groups. The tests

are performed on the data

gathered from the Report on the

equitable and sustainable well-

being (BES: ‘‘Benessere Equo e

Sostenibile’’). Italy 2016

938 A. Porreca et al.

123



Romagna, Piemonte, Toscana, and Friuli-Venezia Giulia

have a very high value of the silhouettes, demonstrating the

fact that they are well classified in group 1. For group 2, the

highest values are found for Puglia, Campania, and Cal-

abria. We can observe that all the silhouettes have positive

values except Abruzzo. At the same time, even the sil-

houette of Lazio has a very low value if compared to the

other regions. This result emphasises that these two regions

are in an intermediate position. In any case, the preliminary

statistics confirm that the optimal number of groups is two.

This circumstance justifies the non-insertion of a third

group.

Figure 3 shows the results of the clustering by using the

first two principal components (PCs) and the relationship

between the PCs and the original dimensions. Figure 3b

shows that all dimensions are positively correlated with the

first PC where the second PC is positively correlated with

the environment, subjective well-being, and social rela-

tionships. On the contrary, it is negatively correlated with

all the other domains. Therefore, the second PC can be

substantially seen as the perception of people in evaluating

the quality of the environment in which they live and partly

as subjective well-being. Instead, the first PC can be seen

as the satisfaction of people for all the dimensions

regarding the economy, education, and health.

Figure 3a shows that Trentino-Alto Adige and Valle

d’Aosta are the regions with the highest well-being.

Abruzzo and Lazio are located in an intermediate position,

but Abruzzo is clearly above the mean concerning the

perception of the environment. Molise and Tuscany are

characterised by a low quality of the environment, whilst

Sicilia, Campania, and Calabria are characterised by low

perceptions of economic well-being, education, and health.

The regions of the Northern Italy, except Valle d’Aosta and

Trentino-Alto Adige, are very close to each other

when considering both PCs.

Discussion

The literature displays a comprehensive discussion about

the capacity of GDP to represent people well-being (Ste-

wart 2005; Mohammed and Ghebreyesus 2018). This is

also emphasised by the Sen’s perspective (Sen 1993;

Bérenger and Verdier-Chouchane 2007; Chakravarty 2017;

De Rosa 2017), which stresses that well-being is a multi-

dimensional concept and encompasses many aspects

besides the traditional economic indicators.

In this paper, we focused on the Italian context because

previous studies have provided a crisp image of Italy, i.e. a

nation divided into two parts, the North as an area rich in

well-being, and the South as a backward area (Cerqueti and

Ausloos 2014; Felice 2017, 2018). For this reason, ISTAT

has created a nationwide survey, called the BES, for the

measurement of some dimensions which make up the

broader concept of well-being (Roche 2008). The goal of

this research is to consider a multidimensional approach to

subjective well-being and to understand if the Italian

regions should really be interpreted as two broad groups

(Franzini and Giannoni 2010).

Because well-being is a vague concept, we propose a

novel approach based on a fuzzy classification. Effectively,

offering a study of Italian regions through a crisp approach

would make little sense because one cannot consider only

the extreme cases of well-being or the lack of well-being in

an absolute sense since intermediate situations are possible.

The results confirm this idea because there are Italian

regions which, according to the perceived well-being, are

in an intermediate position between the two main groups.

The objective of our analysis is to provide useful indica-

tions to policy-makers which are differentiated according

to each considered dimension. In this regard, we propose a

Table 3 Degree of membership and normalised Dunn’s coefficient

Degree of membership—fuzzy clustering Group membership

according to the

classical k-means

(non-fuzzy)

Membership coefficients (in %, rounded)

[Cluster 1] [Cluster 2]

Piemonte 89 11 1

Valle d’Aosta 77 23 1

Liguria 84 16 1

Lombardia 89 11 1

Trentino-Alto Adige 69 31 1

Veneto 88 12 1

Friuli-Venezia Giulia 84 16 1

Emilia-Romagna 88 12 1

Toscana 87 13 1

Umbria 79 21 1

Marche 77 23 1

Lazio 56 44 1

Abruzzo 45 55 1

Molise 29 71 0

Campania 19 81 0

Puglia 14 86 0

Basilicata 23 77 0

Calabria 19 81 0

Sicilia 22 78 0

Sardegna 26 74 0

Fuzziness coefficients

Normalised Dunn’s coefficient

0.36

The fuzzy clustering is performed on the data gathered from the

Report on the equitable and sustainable well-being (BES: ‘‘Benessere

Equo e Sostenibile’’). Italy 2016
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classification to identify similar patterns between Italian

regions based on the 2016 BES report.

Our research highlights that there are some regions in an

intermediate position despite their geographical location.

For example, Abruzzo geographically belongs to Southern

Italy, but partly fits the first group with a high degree of

truth. This circumstance is because a high quality of the

environment characterises Abruzzo. Lazio is another

region in an intermediate position between the two groups.

However, differently from Abruzzo, this is due to other

dimensions such as health, income, and occupation. The

location of these two regions justifies the use of this type of

approach without which they would have been forced to

belong to the South or North group without highlighting

their peculiarities. Trentino-Alto Adige and Valle d’Aosta

have a high quality of life. Abruzzo has a high quality of

well-being regarding the environment. Even in Calabria,

the perception of well-being related to the environment is

above the national mean, but it is not accompanied by the

good values of the other dimensions. Very similar patterns

of behaviour characterise Liguria, Umbria, Piemonte, Fri-

uli-Venezia Giulia, Marche, and Lombardia. Emilia-Ro-

magna and Toscana are characterised by poorly perceived

well-being related to the environment. Molise, Basilicata,

and Sicily are below the average for both the quality of the

environment and the rest of the dimensions. We stress that

Fig. 2 Plot of silhouette for the 20 Italian regions. The test is performed after clustering the regions using the fuzzy k-means approach and the

data gathered from the Report on the equitable and sustainable well-being (BES: ‘‘Benessere Equo e Sostenibile’’). Italy 2016

Fig. 3 a Fuzzy clustering of Italian regions. The fuzzy clustering is

performed on the data gathered from the Report on the equitable and

sustainable well-being (BES: ‘‘Benessere Equo e Sostenibile’’). Italy

2016 b. Principal components interpretation for the nine dimensions

of the Report on the equitable and sustainable well-being (BES:

‘‘Benessere Equo e Sostenibile’’). Italy 2016

940 A. Porreca et al.
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also a classical k-means approach has been made to com-

pare our results. According to the traditional technique,

Lazio and Abruzzo should be forced to belong to group 1,

whereas the other regions would be assigned as shown in

Table 3.

We believe that our approach could have public health

policy implications and help to look for options that would

potentially aid to reduce the observed inequalities in well-

being. However, research on the determinants on regional

inequalities in Italy still has a long road ahead (Felice

2016). Mainly, neither geography (e.g. market size) nor

human and social capital seem to be the crucial determi-

nants in the long run. Clearly, the problem of detecting the

most important predictors of regional disparities is strongly

connected to the identification of a proper measure to

replace GDP and to better represent people well-being.

In our opinion, the search for the perfect measure of

well-being is trivial because the latter is a multidimensional

concept and cannot be synthesised by a single index.

Therefore, we propose the fuzzy k-means approach as a

complementary indicator to help policy-makers in assess-

ing groups with similar patterns of disparities. According to

this perspective, public health policy could identify sets of

regions with similar drawbacks and needs, and thus, it

should be possible to program a possible joint intervention

in broader areas (not only at a regional level). In effect,

some aspects connected with the quality of life are not

always limited within regional boundaries, and it does

make sense to think about macro-areas of interventions

according to specific clustering results.

Conclusions

Well-being is by nature a fuzzy concept, and thus, the

proposed approach does not find its foundations in the

Italian context but seems the most natural approach to the

phenomenon under study. Indeed, in economic and social

science, fuzzy set theory has been proposed in many

studies with different purposes (see, e.g. Maturo 2016; Eze

and Onasanya 2018). We believe that the ‘‘fuzzy’’ infor-

mation can be beneficial for institutions to promote regio-

nal development policies for those regions showing below-

average well-being conditions. In effect, Sicilia, Calabria,

Basilicata, Molise, and Sardegna need interventions aimed

at improving their economic conditions and health. On the

other hand, Molise, Toscana, Emilia-Romagna, Lombardia,

and Basilicata certainly need some interventions to

improve the perceived quality of the environment and the

subjective well-being. The final aim of our study is to

provide policy-makers with useful indications to program

targeted interventions for the improvement in well-being

conditions within the Italian regions and greater awareness

of where to carry out these interventions to reduce costs

and waste.
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