Prof.ssa Maria Ferrante

Comparison of Bootstrap Confidence Interval Methods Small Area Estimation
The importance of developing reliable sub-population indicator estimates has increased
significantly. Surveys usually provide information for broader areas, such as countries
or administrative divisions. However, there is a growing need for estimates at a finer
level of detail. Due to financial constraints that prevent expanding sample sizes,
alternative methods, known as Small Area Estimation (SAE), are used. SAE methods
encompass various statistical techniques to obtain reliable estimates for small sub-
populations or geographic regions. These techniques are necessary when the variability
of the direct estimator, like the Horvitz-Thompson estimator, is too large to produce
reliable results (for a comprehensive review, see Rao and Molina, 2015 and Tzavidis
et al., 2018).

The SAE literature has produced a large number of papers describing different
techniques to

estimate the MSE (see among others Field and Welsh, 2007; Gonzalez-Manteiga et al.,
2008; Liu

et al., 2022). The most common method is a parametric bootstrap. Even though the
amount of

literature about bootstrap in SAE is considerable, less attention has been given to the
estimation of bootstrap confidence intervals. There are various ways to compute
bootstrap confidence intervals (Efron and Tibshirani, 1994; Chernick, 2011; and Jung
et al., 2019), but only one has been usually applied in SAE (Liu et al., 2022).

In this project, we propose to develop simulation studies in which various methods of
bootstrap

confidence intervals are compared to define the best possible choice concerning SAE
models.

A first approach will be to test the three methods reported in Jung et al. (2019) for

parametric



bootstrap on the baseline models in SAE (Rao and Molina, 2015, Ch. 6 and 7). The

research

could then be generalized to more complex models (i.e., non-linear models) and also

to the nonparametric bootstrap.
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Prof.ssa Maria Ferrante

Construct a synthetic population for unit-level small area estimation models
Small Area Estimation (SAE) methods encompass a variety of techniques designed to
obtain

reliable estimates for small sub-populations when the sample size is too low to yield
accurate

results using a classical Horvitz-Thompson estimator (for a comprehensive review, see
Rao and

Molina, 2015 and Tzavidis et al.,, 2018). SAE models leverage strengths from
neighboring areas

and auxiliary information. When the auxiliary information is at the individual level,
these are

referred to as unit-level SAE models.

One of the main limitations in the development of SAE methods, especially at the unit
level,

is the access to individual data necessary for simulation studies, which are often used
to test the

efficacy of a method. These data are frequently subject to privacy restrictions and are
often replaced with synthetic populations (Ferrante and Pacei, 2017). Synthetic
populations are simulated datasets from which it is possible to extract samples of
various sizes, and for which all parameters are known. In other words, one possible
solution to overcome the problem of the confidentiality constraints is synthetic data,
which mimics the original observed data and preserves the relationships between
variables without containing any disclosive records. Techniques to produce synthetic
populations are well summarized in Taylor et al. (2016), Nowok et al. (2016) and
Templ et al. (2017).

In this project, we propose to create a synthetic population to be published and made

directly



accessible to the international statistical community. This population will be based on

real data

from European surveys and will be generated using appropriate statistical approaches

to create a

realistic representation that closely mirrors the original population.

References

Ferrante, M. R., & Pacei, S. (2017). Small domain estimation of business
statistics by using multivariate skew normal models. Journal of the Royal
Statistical Society: Series A (Statistics in Society), 180(4), 1057-1088.

Nowok, B., Raab, G. M., & Dibben, C. (2016). Synthpop: Bespoke creation of
synthetic data in R. Journal of statistical software, 74, 1-26.

Rao, J., & Molina, I. (2015). Small area estimation. John Wiley & Sons, Inc.
Taylor, J., Moon, G., & Twigg, L. (2016). Using geocoded survey data to
improve the accuracy of multilevel small area synthetic estimates. Social Science
Research, 56, 108—116.

Templ, M., Meindl, B., Kowarik, A., & Dupriez, O. (2017). Simulation of
synthetic complex data: The R package simpop. Journal of Statistical Software,
79(10), 1-38.

Tzavidis, N., Zhang, L.-C., Luna, A., Schmid, T., & Rojas-Perilla, N. (2018).
From start to finish: A framework for the production of small area official
statistics. Journal of the Royal

Statistical Society: Series A (Statistics in Society), 181(4), 927-979.



Prof Matteo Farne

Identificare le notizie false: una proposta per una nuova metodologia integrata.

Il presente progetto di ricerca riguarda 1’identificazione di fake news tramite la
combinazione di metodi di text mining e machine learning. Nel lavoro di tesi di laurea
magistrale di Giulia Benelli (2024), il tema ¢ stato affrontato con precipuo riferimento
alle elezioni presidenziali americane del 2016. In quel contesto, la letteratura ¢ stata
esplorata per offrire una panoramica dei metodi piu utilizzati allo scopo.

Zhang et al. (2019) definisce le fake news nei termini delle caratteristiche dei Big Data:
volume, velocita e varieta. Ahmed et al. (2020) e Tandoc et al. (2018) enumerano sette
diverse tipologie di notizie false: false connessioni, falso contesto, contenuto
manipolato, satira, propaganda, fabbricazione di notizie o foto. In Bachenko et al.
(2008), gli autori selezionano dodici indicatori linguistici che possono essere
considerati essere considerati predittori di falsitd. Essi possono essere riassunti come
segue: linguaggio elusivo, con riferimenti temporali e spaziali poco chiari o
volutamente imprecisi riferimenti temporali e spaziali; preferenza per espressioni €
parole con un sentimento negativo; incoerenze verbali, ortografiche e grammaticali.

Kayilar et al. (2021) descrive tre categorie di metodi per identificare le fake news, quali
knowledge-based (basate sul fact-checking), features-based (basate sull’analisi del
testo) e learning-based (basate su un approccio statistico). Sulla base di questo, Farne
e Benelli (SIS2024) hanno proposto un approccio ibrido, che si compone di quattro
fasi: Text PreProcessing (per preparare il testo all’analisi statistica), Topic Extraction
(tramite Latent Dirichlet Allocation, Blei et al. 2003), Input Derivation (tramite una
binarization rule dell’appartenenza di un testo a una topic), e Classifier (applicando un
metodo supervisionato di classificazione). Questo metodo ¢ stato applicato all’ISOT
Fake News Dataset (Ahmed et al., 2018), che contiene un totale di 44,898 articoli
riguardanti le elezioni presidenziali americane del 2016 da varie fonti, classificati in
21417 veri e 23481 falsi. Da questo esempio ¢ emerso che 1 metodi di ensemble
presentano la migliore accuratezza e precisione.

Lo scopo del presente progetto ¢ quello di elaborare le informazioni contenuti nei
materiali esistenti gia prodotti da Benelli e Farne per produrre un articolo da
sottomettere alla rivista Big Data and Society. Il lavoro prevede anche di applicare la
metodologia a nuovi dataset di fake news (gia identificati), per testarne la validita in
diversi contesti.
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Prof Matteo Farne

Trimmed factorial k-means: codice R e selezione del modello

I1 factorial k-means (FKM, Vichi and Kiers 2001) ¢ una tecnica di clusterizzazione dei
dati ad alta dimensione, che consente di identificare uno spazio ridotto all’interno del
quale le osservazioni proiettate risultano massimamente raggruppate. A differenza del
reduced kmeans (RKM, De Soete & Carroll 1994), il FKM consente di identificare le
direzioni latenti rispetto alle quali le osservazioni sono massimamente raggruppate,
anche nel caso in cui la variabilita dei dati si concentri in altre direzioni. La consistenza
forte di RKM e FKM ¢ stata provata in Terada (2014) e Terada (2015).

In Farn¢ and Vouldis (2017, 2021), ¢ proposta una versione robusta del factorial k-
means, che viene resa tale tramite 1’inserimento di uno step di trimming dei punteggi
nello spazio ridotto all’interno della procedura. Il metodo ¢ applicato per ricavare
quattro macro-gruppi delle banche dell’area euro sulla base dei loro indicatori di
bilancio. L’algoritmo del trimmed factorial k-means (TFKM) ¢ riportato nel dettaglio
in Farn¢ (2023).

Il presente progetto richiede innanzitutto la traduzione del codice MATLAB relativo
al TFKM in R. Contestualmente, richiede di testare 1’efficacia di un ambizioso criterio
di selezione di rango latente, numero di gruppi e proporzione di outlier, basato sulla
distribuzione lambda di Wilks. Il progetto poi prevede 1’elaborazione di un solido
studio di simulazione, che testi la funzionalita di TFKM e I’efficacia del criterio del
criterio di selezione proposto in diversi contesti. Infine, il metodo verra testato anche
su casi reali, e tutto il lavoro verra adeguatamente documentato nell’ottica di una

sottomissione a rivista scientifica.
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Prof. Daniele Ritelli

Methods of solving differential equations with Lie symmetries using computer
algebra

A very practical approach is followed on the subject, given that the existence of Lie
symmetries, which allow the simplification of a given differential equation, consists of

solving accessory differential equations, which are treated using computer algebra.

Computer algebra in the symbolic treatment of nonlinear differential equations
using special functions

After introducing the student to the use of software for symbolic calculus, the
internship aims at using it for the treatment of differential equations describing the
behaviour of nonlinear oscillators. Tutorials illustrating the theoretical approach
underlying the treatment of the models will be an integral part of the training. The
candidate must be willing to acquire the mathematical tools necessary for the study of

the models.



Prof. Michele Scagliarini

Methods for Monitoring Time Between Events and Amplitude Data

While many control charts have been developed for monitoring the time interval (T)
between the occurrences of an event, many other charts are employed to examine the
magnitude (X) of the event (E). These two types of control charts have usually been
investigated and applied separately.
Time Between Events and Amplitude (TBEA) control charts are a combined scheme
for monitoring the time interval T of an event E as well as its amplitude X.
The aim of this project is to study the implementation of such monitoring algorithms
in the R environment. The developed methodology will be applied on both simulated
and real data.
The internship will be divided into three phases:
e first phase dedicated to study Shewhart Time-Between-Events-and-Amplitude
Control Charts and their implementation in R;
e second phase dedicated to study the effect of the correlation between T and X
e third phase aimed to implement a non-parametric EWMA control chart for

Monitoring TBEA.
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Prof.ssa Silvia Pacei

Misura della resilienza

Le crisi globali del 2008 e 2020 hanno determinato una situazione di incertezza attorno
ai sistemi economici e finanziari. La ripresa poi, com’¢ noto, ¢ stata particolarmente
rallentata in Europa, rispetto agli USA, benché con una certa variabilita nella velocita
della ripresa tra i paesi europei. I dati delle indagini sulle famiglie evidenziano la loro
preoccupazione per il periodo di incertezza economica che stanno vivendo e per la loro
capacita di recuperare eventuali perdite. Tali preoccupazioni influiscono su diversi
comportamenti umani.

Ad oggi pochi autori si sono proposti di misurare la resilienza (Asheim et al. 2020;
Ciss¢ e Barrett, 2018). L’obiettivo di questo progetto ¢ proporre una definizione di
resilienza e nuove misure di resilienza calcolabili a livello di individuo e in grado di
soddisfare alcune proprieta auspicabili. Queste misure possono essere calcolate
utilizzando 1 dati delle indagini sulle famiglie EU-SILC o Banca d’Italia. Le misure di
resilienza possono poi essere impiegate in modelli per le determinanti di diversi

comportamenti sociali.
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Prof.ssa Silvia Pacei

THE MEASUREMENT OF FINANCIAL RESILIENCE

Household financial shocks can result from different reasons, for example: loss of
employment, ill health of a family member, relationship breakdown, the loss of a
partner, or an unexpected large expense. To cope with these shocks, households need
access to sufficient liquid assets or emergency savings, or be able to borrow from
financial institutions, wider family or friends. For those without sufficient liquid assets
or emergency savings to cover a financial shock, the effects on financial well-being
will be longer lasting. Some households are less resilient to financial shocks than
others. This may be because they have low levels of savings, have limited access to
affordable credit, already hold high levels of debt or lack the skills required to manage
household budgets.

Financial resilience is difficult to estimate because it is a dynamic concept — the ability
to recover quickly from an income or expenditure shock. This means that we have to
turn to dynamic measures of resilience. So far, few authors have attempted to measure
financial resilience (Brandolini et al. 2009; McKnight and Rucci, 2020). The aim of
this project is to propose a definition of financial resilience and a measure of financial
resilience that can be calculated at the individual level and that can satisfy some
desirable properties.

This measure can be calculated using data from the Bank of Italy survey. The financial
resilience measure can then be used in models for the determinants of different social
behaviours.
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Prof. Luca Trapin

Analysis of illiquidity risk premium

Liquidity is a fundamental property of a well-functioning market, and lack of liquidity
is generally at the heart of many financial crises and disasters. The financial economics
literature hypothesizes the existence of an illiquidity premium in the market, i.e.
investors require higher returns to hold illiquid stocks (Amihud and Mendelson, 1986).
Liquidity is an elusive concept. It is not observed directly and cannot be captured in a
single measure (Amihud and Mendelson, 1991). Using several proxies of liquidity,
numerous studies have documented the existence of a positive relationship between
stock returns and stock illiquidity, thus confirming empirically the existence of an
illiquidity premium. Amihud (2002) shows that the existence of a premium is not only
in cross-section but also in time series, 1.e. future expected stock returns are increasing
in expected illiquidity .

This project aims at investigating the conclusions on the illiquidity premium using
“’liquidity factors” instead of ‘’liquidity proxies” (Hallin et al., 2011). The research
student will have to: (i) build a large dataset of low-frequency liquidity proxies
(Goyenko, 2009) for a large set of U.S. stocks using Eikon Refinitiv; (i1) extract
liquidity factors from the liquidity proxies using factor models (Stock and Watson,
2002); (111) run regression analysis for the identification of the illiquidity premium

(Amihud, 2002).
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Prof. Luca Trapin

Project Title
Interpretable Generative Al for Operational and Cyber Risk

Project Description:

This project aims to develop an innovative, interpretable framework for simulating
operational and cyber risk losses using generative models. Unlike conventional
Generative Adversarial Networks (GANs) that rely on opaque neural network
architectures, this research explores interpretable generative mechanisms rooted in
well-established statistical models commonly used in the operational risk literature.
The goal is to construct a GAN-style architecture where the generator is replaced by a
parametric statistical model. This model will be flexible enough to reproduce heavy
tails and skewness typical of operational and cyber risk data, while remaining
interpretable and grounded in the domain knowledge of risk management and extreme
value theory. The discriminator component will be used to assess the goodness-of-fit
of the generated samples relative to empirical data, enabling adaptive learning and
calibration of the statistical generator.

Research Objectives:
1. Develop and implement interpretable generator models within a GAN-like
architecture.

2. Explore loss functions and adversarial training schemes suitable for heavy-tailed
data.

3. Validate the approach using publicly available datasets on operational and cyber risk
losses.

4. Compare the performance of the interpretable GAN with traditional deep learning
GANSs and standard statistical approaches in terms of statistical fit and interpretability.

Ideal Candidate Profile:



We are looking for a motivated research assistant with a strong interest in applied risk
modeling, extreme value theory or heavy-tailed distributions, programming in R or
Python, generative Al models (GANSs or similar).



