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Preface

Statistical thinking and data-driven methodologies are essential to understanding contem-
porary challenges and driving innovation in several sectors. Since 2009, the Innovation and
Society (IES) biennial conference, organized by the Group of Statistics for the Evaluation
and Quality of Services (SVQS) of the Italian Statistical Society (SIS), has served as a key
venue for advancing research in statistical methods applied to evaluation and quality.
The 12th edition, titled “Innovation & Society: Statistics and Data Science for Evaluation
and Quality” took place from June 25 to 27, 2025, at the Bressanone-Brixen campus of the
University of Padova. This year’s conference reinforced the role of statistics and data science
as key tools for evaluating complex phenomena and ensuring quality in a variety of fields, in-
cluding education, healthcare, environment, public administration, finance, tourism, sports,
and beyond.
The scientific program was particularly rich, featuring 3 plenary lectures, 44 invited ses-
sions, 6 contributed sessions, one special plenary lecture and a round table co-organized by
The Italian (ISTAT) and Albanian (INSTAT) National Statistical Institutes. In total, 199
contributions were presented within invited and contributed sessions. The event also saw
the highest international participation in the history of IES, with contributions from the
Austrian and Luxembourg Statistical Societies, among others.
Three distinguished keynote speakers enriched the program with plenary lectures: Fabrizio
Ruggeri, Christophe Ley, Werner Müller. In addition, a special plenary session featured two
prominent invited talks by Fortunato Pesarin and Narayanaswamy Balakrishnan, further
enhancing the depth and breadth of the scientific discussions.
The conference also hosted the Young Statisticians Award, which attracted 36 high-quality
submissions, showcasing the energy and creativity of early-career researchers working at the
intersection of statistics and real-world evaluation problems.
The short papers in this volume highlight the wide spectrum of topics discussed at IES 2025,
and testify to the evolving role of statistics and data science in producing knowledge and
supporting decision-making in complex systems.
We are sincerely grateful to all authors, session chairs and discussants, session organizers, re-
viewers, and participants. We also warmly thank our institutional partners for their support:
Italian Statistical Society (SIS), SVQS Group, DMS StatLab of the University of Brescia,
Departments of Statistical Sciences and of Managements and Engineering of the University
of Padova, Österreichische Statistische Gesellschaft (Austrian Statistical Society), Interna-
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tional Society for Business and Industrial Statistics (ISBIS), European Network for Business
and Industrial Statistics (ENBIS).
We hope this volume will serve as a source of inspiration and a valuable reference for re-
searchers working at the interface of statistics, data science, and the evaluation of quality in
contemporary society.

Marica Manisera
Chair of the Program Committee
Giovanna Boccuzzo
Co-chair of Local Organizing Committee
Luigi Salmaso
Co-chair of Local Organizing Committee
Maurizio Carpita
Coordinator of the SVQS Group
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Segmenting the spatial distribution of the adjusted dissimilarity index to detect
residential segregation of foreigners in Campania
Rosaria Simone, Federico Benassi

Abstract Residential segregation of the foreign population can depend by several socio-
economic and demographic factors related to both resident population and territorial context.
By choosing the adjusted dissimilarity index to assess eveness of the spatial distribution of
foreign residents with respect to the Italian population, we propose to resort to conditional
inference trees to identify the contextual variables, measured at two spatial domains, that
are mostly associated with the chosen measure of residential segregation in Campania, Italy.
The analysis distinguishes between European and not European foreigners, to highlight
differences in their settlement models.
Keywords: Conditional Inference Trees, Dissimilarity index, Residential Segregation, Foreign
Population, Southern Italy.

1. Motivation

In settlement models, the Duncan and Duncan dissimilarity index [1] is a well-known mea-
sure of residential segregation of a foreign group with respect to a reference population. It
allows to gauge the eveness of the spatial distributions of the two groups [2], quantifying
a group’s over- or under-representation across the spatial units (e.g., census tracts) of the
chosen territorial areas (e.g., a metropolitan area). The more unevenly a population group
is distributed across these spatial units, the more segregated it is [3, 4, 5]. For the i-th
territorial entity, it is defined by the normalized measure:

IDi = 1
2

Hi∑
h=1

∥∥∥∥fihFi − tih
Ti

∥∥∥∥ , i = 1, . . . , n, IDi ∈ [0, 1] (1)

where:

• Hi is the number of spatial units forming the i-th territorial entity;

• Fi and Ti are the total numbers of residents of the foreign and of the reference groups
(in our case, the Italian residents) in the i-th territorial unit, respectively;

• fih and tih are the total numbers of foreign and Italian residents in the h-th spatial
unit of the i-th territorial entity, respectively.

In order to cope with an upward bias of ID occurring due to small units’ sizes, low dissimilar-
ity values and small minority proportion [6, 7], we consider Y = ĨD, a bias-corrected version
of ID obtained with an analytical formulation based on the folded normal distribution [8]1.

Figure 1 displays the spatial distributions of Y values for European and not European
foreign residents computed on the basis of 2011 enumeration areas and 2021 data from

1The code of the BCDI package for the R environment has been provided by the Authors [9].
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National Census for municipalities and neighbourhoods in Naples, for a total of n = 579
territorial units, including the 30 neighbourhoods of Naples, and the other 549 municipalities.

Figure 1: Spatial distribution of the (adjusted) ID index in Campania to assess eveness of the
settlement models of Foreigners (EU and not EU) w.r.t. the Italian population

In this framework, our contribution aims at analysing the performance of conditional
inference trees [10] to the goal of finding the socio-economic and demographic variables
mostly associated with the eveness of the spatial distributions of each foreign group with the
Italian one. This partitioning algorithm is well-suited in our case since it does not require any
distributional assumption on the response and since it yields unbiased trees. At each step,
first the variable mostly associated with the response is identified on the basis of permutation
tests and structural changes, then the optimal split is found as the one optimizing a given
objective function. As a matter of fact, candidate partitioning variables with many possible
split points are more likely to be over-selected with the CART algorithm [11], for instance.

2. On the Eveness of the Spatial Distributions of Foreign and Italian residents in
Campania

The present section aims at discussing the application of conditional inference trees to classify
municipalities in Campania on the basis of the spatial distribution of the adjusted ID index,
separately for European and not European foreigners 2. For the sake of interpretation of
results, it is worth to mention that, according to ISTAT data, on the 1st January 2024
263,680 residents out of a total of 5,593,906 were foreigners, of which 50407 were EU28
citizens, 60,371 were citizen of other European countries (of which, 43,354 from Ukraine).

2.1 Segmenting the adjusted ID between European and Italian residents

Figure 2 displays the conditional inference tree grown to identify the socio-economic and
demographic factors mostly associated with the adjusted ID index at local level, for the

2For each tree, territorial units with no foreign individual have been excluded from the analysis.
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Figure 2: Conditional inference tree for adjusted ID between European and Italian residents (left);
spatial distribution of the classification rule attained by the tree (right)

Figure 3: Conditional inference tree for the adjusted ID between Italian and Not European residents
(left); spatial distribution of the classification rule attained by the tree (right)

European residents, as well as the spatial distribution of the classification rule.
Overall, higher values of Y characterize those 30 territorial units where the percentage of

individuals with at least high school diploma (low education level, ISTR_012) is higher than
60.8% (Node 7, Ŷ = 0.485). Elsewhere, eveness of the spatial distributions of the two groups
depends on the territorial extension (KMQ, squared kilometers), with an average value of
Ŷ = 0.336 for larger territories (KMQ> 28.4); for municipalities with extension smaller than
this threshold, the eveness of the spatial distribution of European residents w.r.t. Italian
residents varies according to the employment rate of Italian women, with stronger eveness
(Ŷ = 0.226, Node 5) for higher employment rates (IT_TOCC_F> 40.1).

2.2 Segmenting the adjusted ID between Not European and Italian residents

Figure 3 shows the structure of the conditional inference tree, grown to identify the socio-
economic and demographic variables mostly associated with the adjusted ID index at local
level, for not European residents, as well as the spatial distribution of the classification rule.

As for European residents, the primary split highlights the substantial role that the
education level of the total population exerces on the eveness of the spatial distributions of
the two groups. Specifically, in cases at most 50.6% of the population has low education
level (ISTR_012 <50.6%), the 8 territorial units in which the percentage of women among
the not European residents is lower than 25% are outlying observations, since the residential
segregation is pretty higher than the rest of the distribution (Ŷ = 0.485). Indeed, Ŷ = 0.219
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in case the percentage of women among the not European residents is higher than 56.6%.
This circumstance may be explained by the presence of not European caregivers. As a matter
of fact, around 15% of the Ukrainian community resident in Italy, is found in Campania3,
where about 3 out of 4 Ukrainian are women (at the 1st of January 2024, ISTAT data).
Finally, in cases at most 50,6% of the population has low education level ISTR_012 <50.6%
and the percentage of women among Not European residents is lower than 56.6%, the eveness
of the spatial distribution of Not European residents w.r.t. to the Italian one depends on the
percentage of European residents among foreigners (Perc_popRes_STR_EU), with stronger
eveness (Ŷ = 0.233) if this percentage is higher than 33.6%.

2.3 Comparative discussion

From cross-classifying the territorial units, Table 1 provides evidence that:

• There are differentiated degrees of residential segregation of not European residents in
context of low Y values for European foreigners;

• In contexts of moderate residential segregation of European residents (Nodes 4 and
6), there is mainly an equivalent level of residential segregation of Not European (the
majority of these units are classified in Nodes 6 and 9 of the tree - Figure 3);

• The highest values of Y for not European residents (Node 3) occur either in contexts
of low or moderate residential segregation of European foreigners.

Node 8 Node 7 Node 6 Node 9 Node 3
Ŷ = 0.219 Ŷ = 0.233 Ŷ = 0.329 Ŷ = 0.335 Ŷ = 0.485

Node 5 Ŷ = 0.226 50 23 28 37 4
Node 4 Ŷ = 0.305 27 17 28 143 1
Node 6 Ŷ = 0.336 14 16 15 102 3
Node 7 Ŷ = 0.485 0 0 0 30 0

Table 1: Cross-classification of territorial units in terms of segregation level of European (row) and
Not European residents (columns) with respect to the Italian population: see Figures 2-3

3. Concluding Remarks

The present essay has been tailored to discuss the application of conditional inference trees to
classify territorial units in Campania on the basis of the eveness of the spatial distributions
of European and not European foreign residents, with respect to the Italian population.
To this goal, we have considered the adjusted dissimilarity index suitable to correct its
value in circumstances of low immigration and small group sizes. Beyond the primary split
associated with the education level of the total population, our analysis suggested that in
Campania there are different factors influencing the eveness of the spatial distributions of
the two foreign groups. For European foreigners, this is mostly related to the Italian context

3https://www.lavoro.gov.it/documenti-e-norme/studi-e-statistiche/ukrainian-community-2023
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(territorial extension, employment rates of Italian women), whereas - for not European
residents - it depends mostly on the incidence of foreign groups over the total population.

Finally, Figure 4 shows the conditional inference tree grown for Y of the whole foreign
population w.r.t. the Italian one, compared with a bivariate conditional inference tree grown
for the adjusted ID of both European and not European foreigners4. Interestingly, the overall

Figure 4: Conditional inference trees for the adjusted ID of the foreign population (left) and for the
bivariate response composed of adjusted ID of European and not European (right)

structures match, except for a further split for the whole foreign population, based on the
degree of urbanization. Evidence is found for higher residential segregation in urban contexts
(degurba=1) than in suburban and rural ones (degurba=2,3), in cases of small territorial
extension, lower occupation rates for women and higher percentage of residents with at least
a university degree. Given that degurba does not intervene in the segmentation of the
adjusted ID for each of the two groups, evidence is found that urbanization plays a role
on residential segregation level only adding up the two foreign components, under further
conditions related to territories and population, especially in context of low immigration.
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