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WELCOME TO THE X WCDANM | 2026

Dear participants, colleagues and friends,

On behalf of the Executive and Organizing Committees of the X WC-
DANM (Workshop on Computational Data Analysis and Numerical Meth-
ods), we are delighted to welcome you to this workshop, hosted by the Uni-
versity of Minho at the Azurém campus in Guimarães, Portugal. Guimarães
is widely recognized as the �Birthplace of the Portuguese Nation,� as it was
the setting for the key political and military events that led to Portugal's
independence in the 12th century. In recognition of its remarkable histori-
cal heritage and exceptionally well-preserved architecture, the city's historic
center was designated a UNESCO World Heritage Site in 2001. This year,
the event is also supported by research centers from several Portuguese uni-
versities, including the University of Minho, the University of Porto, the
University of Aveiro, and the University of Évora. We are committed to
delivering an exceptional experience and to exceeding the expectations of
all participants, sponsors, and organizers. Distinguished international schol-
ars, including Anuj Mubayi (Intercollegiate Biomathematics Alliance, IL &
South Mountain Community College, AZ, USA), Carlos Braumann (Uni-
versity of Évora & CIMA, Portugal), Jörg Henseler (University of Twente,
the Netherlands & NOVA University Lisbon, Portugal), and Milan Stehlík
(University of Valparaiso, Chile & University of Applied Sciences Upper Aus-
tria, Austria), will deliver keynote lectures at the conference. The program
will include around 60 presentations of scienti�c papers spanning diverse re-
search areas, providing a vibrant platform for discussion and the exchange of
ideas. The active participation and engagement of the scienti�c community
are essential to the success of this event. This year, the X WCDANM also
features two additional specialized courses. Anuj Mubayi and Dharmendra
Tripathi (National Institute of Technology, Uttarakhand, India) will conduct
a course entitled �Numerical Methods in Health�, while Jörg Henseler will
coordinate the course �Structural Equation Modeling with Latent Variables
and Formative Constructs.� We would like to express our sincere gratitude
to the Professors/Researchers for kindly accepting our invitation to teach
these courses and thus contributing to the success of this year's workshop.
We would also like to express our sincere gratitude to the members of the
Executive, Scienti�c, and Organizing Committees for their dedication and
commitment to the success of the X WCDANM. In particular, we acknowl-
edge the invaluable contributions of Anuj Mubayi, Luís Meira-Machado, and
Milan Stehlík from the Executive Committee. We also extend our appreci-
ation to the members of the local Organizing Committee for their tireless
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e�orts, namely A. Manuela Gonçalves (Local Chair, University of Minho),
Adelaide Freitas (University of Aveiro), Helena Luzia Grilo (Open Univer-
sity), Inês Sousa, Luís Meira-Machado, Marta Ferreira, Soraia Pereira, and
Susana Faria (University of Minho, Portugal).The scienti�c contributions
presented at the meeting are expected to be published in special issues of
the Journal of Applied Statistics and Research in Statistics (Taylor & Fran-
cis Group). We anticipate that the X WCDANM will provide an inspiring
platform for intellectual exchange, scienti�c collaboration, and the dissemi-
nation of innovative research. We extend our best wishes to all participants
for a productive, engaging, and enjoyable workshop.

University of Minho, Guimarães, June 11-13, 2026.

Chairman of the Executive Committee of X WCDANM,

Luís Miguel Grilo
University of Évora, Portugal
CIMA (Research Center for Mathematics and Applications), University of Évora,
Évora, Portugal

NOVAMath (Center for Mathematics and Applications), FCT NOVA, NOVA Univer-
sity of Lisbon, Portugal

Ci2 (Smart Cities Research Center), Polytechnic Institute of Tomar, Portugal
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Mechanistic Intelligence in Healthcare: Scienti�c
Computing, Evidence Generation, and Agentic AI

Systems

Anuj Mubayi1,2,3,

1Intercollegiate Biomathematics Alliance, IL, USA
2South Mountain Community College, AZ, USA

3NumericaIQ, AZ, USA

E-mail addresses: anujmubayi@yahoo.com

Despite major advances in arti�cial intelligence, many healthcare AI systems con-
tinue to struggle with biological realism, uncertainty, interpretability, and real-
world decision integration. Healthcare is not merely a prediction problem; it is
a complex mechanistic, computational, and evidence-driven system involving dy-
namical processes, sparse data, operational constraints, and economic decision-
making.
In this talk, we will discuss the emerging concept of mechanistic intelligence, the
integration of mechanistic modeling, scienti�c computing, uncertainty-aware in-
ference, healthcare evidence generation, and Agentic AI systems. It will highlight
how computational models, simulation, and evidence work�ows remain central
to complex healthcare decision-making. The talk further explores how Agentic
AI systems may serve as orchestration layers for autonomous evidence synthesis,
simulation, validation, and healthcare decision support.
The central argument is that the future of healthcare AI may depend not on
replacing mechanistic science with black-box models, but on combining scienti�c
computing, evidence generation, and intelligent orchestration into adaptive com-
putational healthcare ecosystems.
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Fishing in a random environment with parameter
uncertainty

Carlos A. Braumann1,2 and Nuno M. Brites3

1Universidade de Évora, Escola de Ciências e Tecnologia, Departamento de Matemática,
Portugal

2Universidade de Évora, Centro de Investigação em Matemática e Aplicações, Portugal
3ISEG Research, ISEG Lisbon School of Economics & Management, Universidade de

Lisboa, Portugal

E-mail addresses: braumann@uevora.pt; nbrites@iseg.ulisboa.pt

Fishing in a randomly varying environment is modeled by a stochastic di�erential
equation. Variable e�ort optimal harvesting policies can be computed numerically
through Monte Carlo simulations and the HJB equation. These policies have
severe implementation problems, and so, using real �sheries data, we also study
constant e�ort policies and show that they are almost as good in terms of pro�t.
Since model parameters are estimated with error, we study how this a�ects e�orts
and pro�ts.

Keywords

stochastic di�erential equations, population growth and �shing models, optimal harvest-
ing, parameter uncertainty, e�ects on e�orts and pro�ts

For a harvested population in a randomly varying environment described by a general
stochastic di�erential equation (SDE) model, we have previously studied pro�t optimisa-
tion using variable e�ort harvesting policies, which involve solving the Hamilton-Jacobi-
Bellman (HJB) equation. We have applied the models to real �shery data, namely the
Paci�c halibut with logistic population growth [2] and the Bangladesh shrimp with Gom-
pertz population growth [3], for both the optimal variable e�ort policy and the optimal
constant e�ort policy, using a Crank-Nicolson scheme for the numerical solution of the
HJB equation and Monte Carlo simulations for the SDE. We have shown that variable
e�ort policies pose signi�cant implementation and social problems, while, on the con-
trary, constant e�ort policies do not face such limitations and yield pro�ts that are almost
as good. Furthermore, constant e�ort policies yield, under appropriate conditions [4], a
sustainable stochastic equilibrium.

We have also studied other general and speci�c models, namely contemplating pop-
ulations with Allee e�ects, as well as intermediate harvesting policies, e.g. stepwise or
penalised policies, which, due to time constraints, will not be addressed here.

For both variable and constant e�ort harvesting policies, estimation errors in biologic,
economic and technologic parameters of the model and the pro�t function, either inherent
to the estimation procedures or due to structural climatic and socioeconomic changes,
a�ect harvesting e�orts and future expected pro�ts.

We examine these e�ects, illustrating them with the Bangladesh shrimp �shery ([1])
and the Paci�c halibut �shery (forthcoming paper). With regard to future expected pro�ts,
we compare the Ideal Pro�t (obtained if the true parameter value were known) with the
Predicted Pro�t (our prediction based on the incorrectly estimated parameter values) and
the Real Pro�t (the pro�t actually obtained by applying harvesting e�orts based on the
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estimated parameter values to a population evolving under the true parameter values).
Sensitivity indices measure the impact of improved parameter estimation on harvesting
e�orts, future predictions, and real pro�ts, thereby providing guidance on priorities for
improving parameter estimation.

Acknowledgements: C.A. Braumann is a member of the Centro de Investigação em
Matemática e Aplicações, supported by Fundação para a Ciência e a Tecnologia � FCT
(Foundation for Science and Technology), Portugal, Project UID/04674/2025, https://
doi.org/10.54499/UID/04674/2025. N.M. Brites was partially funded by national funds
through FCT in the framework of the project UID/06522/2025.
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Design Science vs. Behavioral Research:
Implications for Computational Data Analysis

Jörg Henseler1

1Faculty of Engineering Technology (ET), University of Twente, Enschede, The
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E-mail address: j.henseler@utwente.nl

Research methodologies in the social and cognitive sciences broadly divide into
two paradigms: design science research, which focuses on the creation and evalu-
ation of artifacts, systems, or interventions, and behavioral research, which seeks
to observe, measure, and explain naturally occurring or experimentally elicited
human behavior. While both paradigms generate rich empirical data, they impose
di�erent demands on computational data analysis � demands that are frequently
underappreciated when methods are borrowed across paradigms.
This talk examines the di�erences between design science and behavioral datasets
and their downstream consequences for data analysis. Design science research
data is often small-scale, iterative, and qualitative or mixed-methods in nature,
foregrounding interpretive validity and contextual richness over statistical power.
Behavioral research, by contrast, tends to prioritize large samples, controlled con-
ditions, and inferential rigor, making it amenable to classical hypothesis testing
and machine learning approaches. These di�erences have implications for choices
in preprocessing, feature engineering, model selection, and the interpretation of
computational outputs.
I argue that computational data analysis researchers must make paradigm aware-
ness an explicit methodological consideration, and I propose a set of guiding
principles for selecting and adapting analytical tools to match the epistemological
commitments of the underlying research tradition. The talk concludes by identi-
fying opportunities for cross-paradigm synthesis, including hybrid methodologies
that leverage the generative �exibility of design science research alongside the in-
ferential strength of behavioral research methods, and the role that computational
data analysis can play in bridging these traditions productively.
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Revolutions in Neural Networks and Data Science:
Introducing SPOCU and DExPSO.

Milan Stehlík1

1 Institute of Statistics, Universidad de Valparaíso, Valparaíso, Chile

E-mail addresses: milan.stehlik@uv.cl

In this talk, I will introduce our adaptive transfer function SPOCU [1], which
we developed with collaborators to address the insu�ciency of standard trans-
fer functions in properly processing real data �ows. SPOCU is a revolutionary
improvement in the speed and innovation of adaptation strategies, �lling a gap
in existing technology. Activation functions are crucial in deep learning for ex-
tracting complex data patterns, and traditional functions like ReLU, Selu, among
others, have limitations in adapting to specialized tasks. Standard transfer func-
tions have limitations in complex setups, thus necessitating the development of
robust approaches like large-scale self-normalizing neural networks. See, for exam-
ple, [1], [2], and [3]. To address this, we propose a novel trainable adaptive activa-
tion function based on SPOCU construction. Dynamical networks face challenges
with big and irregular data. Optimal activation function selection and hyperpa-
rameter management are crucial. The SPOCU transfer function o�ers �exibility
and superior performance in machine learning tasks (see [4], [5] or [6]). Experi-
mental results show improvements in cancer diagnosis and pollutant adsorption
dynamics. Developing adaptive algorithms for hyperparameter selection is essen-
tial, and our milestone result of DExPSO [7] is giving a chance to avoid recurrent
premature failures of standard neural networks. In [8], we showed how Cobetia
bacteria adaptation to large temperature ranges can be modeled by an SPOCU-
based neural network, which has a principal application also to food systems and
image recognition. During the talk, we will discuss how the SPOCU prototype
adaptive function has been created and explore new ideas for optimizing hyper-
parameters in adaptive transfer functions like SPOCU for real-world data �ows,
improving methodologies in di�erent application areas.

Keywords: SPOCU Prototype, DExPSO, optimization , hyperparameters, transfer func-
tions, data�ows, complexity, networks, ecology.
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Numerical Simulation and Inference for PDE-Based
Biological Models

Anuj Mubayi1,2,3,
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Mechanistic partial di�erential equation (PDE) models are widely used to study
biological systems involving transport, di�usion, interaction, and spatial hetero-
geneity. This course introduces computational frameworks for simulation and in-
ference in PDE-based biological models, motivated in part by a recent SIAM News
article on SARS-CoV-2 transport and establishment of infection in tissue.
Topics include transport�di�usion�reaction PDEs, numerical methods for biolog-
ical simulations, PDE-constrained inverse problems, inference, uncertainty quan-
ti�cation. The course emphasizes how mechanistic PDE models can be integrated
with probabilistic inference frameworks to estimate uncertain biological parame-
ters from sparse or indirect data.
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Structural Equation Modeling with Latent
Variables and Formative Constructs

Jörg Henseler1
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Netherlands

E-mail address: j.henseler@utwente.nl

Structural equation modeling (SEM, c.f. Bollen 1989) is a powerful multivariate
statistical framework that enables researchers to test theories by simultaneously
examining complex relationships among observed and unobserved variables. This
four-hour workshop provides a comprehensive, hands-on introduction to SEM
with a particular focus on two advanced and often misunderstood components:
latent variables and formative constructs (Henseler 2021).
The workshop begins by establishing the conceptual and statistical foundations of
SEM, contrasting it with traditional regression-based approaches and introducing
key model components including measurement models, structural models, and �t
evaluation. All methods are implemented in R using the lavaan package (Rosseel
2012), an actively maintained package that o�ers �exible and transparent model
speci�cation through an intuitive model syntax. Participants will work directly
with lavaan code throughout the session, gaining practical experience they can
immediately apply to their own research.
A central theme of the workshop is the distinction between re�ective measure-
ment models of latent variables and composite models of formative constructs
� a critical methodological choice that profoundly shapes model speci�cation,
validation, and interpretation. While re�ective indicators are caused by the un-
derlying latent construct, formative constructs are de�ned by or made up of their
indicators Participants will learn how to specify both types of models in lavaan,
interpret their output, and understand the constraints each imposes.
The workshop closes with an open session for questions and discussion, o�ering
participants the opportunity to re�ect on how the methods covered apply to their
own research contexts, and to seek guidance on speci�c modeling challenges they
may face.
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Turning Data into Decisions: Real Cases from PSE

Nuno Gomes1
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PSE is a Portuguese company specialized in consulting, analytics projects, and
predictive and arti�cial intelligence solutions. With experience in predictive ana-
lytics since 1994, PSE supports organizations across multiple industries in trans-
forming data into valuable knowledge for better decision-making. With a tailored
approach, the company develops customized solutions for each client. This pre-
sentation provides a brief introduction to PSE and highlights the importance of
data science through two real success cases from very di�erent business sectors.

Keywords

Predictive Analytics, Arti�cial Intelligence, Data Science, Decision-Making, Business Value.

PSE is a national company specializing in consulting, developing analytical projects,
and implementing predictive solutions for organizations. With experience in predictive
analytics since 1994, PSE's consulting team is the ideal partner to deliver successful,
high-impact projects. We have extensive expertise across multiple industries � includ-
ing telecommunications, banking, insurance, retail, distribution, energy, consumer goods,
government, and healthcare � and across diverse functional areas such as marketing,
risk, operations, logistics, quality, and �nance. Our team excels at integrating predictive
intelligence into organizational processes, turning data into actionable insights.

In today's data-driven world, leading companies know how to leverage information as
a competitive advantage. Data Science enables the analysis of large datasets, the identi�-
cation of patterns, the anticipation of trends, and faster, more accurate decision-making.
Organizations that harness these capabilities can optimize processes, enhance customer
experience, reduce risks, and continuously innovate, staying ahead in an increasingly dy-
namic and competitive market. In our presentation, we will highlight two examples from
very di�erent industries, where analytical solutions delivered substantial �nancial impact:

1. Distribution Sector: A client distributing newspapers and magazines to around 10,000
points of sale faced highly variable demand in�uenced by location, timing, seasonality,
publication type, and cover. The main challenge was maximizing sales while minimiz-
ing returns and stockouts.

2. Textile Sector: A client producing over 300 types of fabrics needed to identify the
key factors causing defects across the production chain. The objective was to opti-
mize production work�ows and reduce defects for each fabric type, improving overall
e�ciency and quality.
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On contributions of Jerzy Filus to dependence
modeling with applications to medicine

Milan Stehlík1,2
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Jerzy Filus and his wife Lidia have been researching dependency modeling for decades.
The pseudo-exponential model (speci�cally in the context of bivariate distributions where
one marginal is exponential and the conditional distributions of the second variable are
also of exponential form) was introduced by [3]. They presented these models in a series of
papers starting in the early 2000s. Many important results by Filus-Filus have been devel-
oped in the parameter dependency paradigm. See, for example, [11], [12], and [13]. Also,
refer to [4] for further discussion and references. In [1], we received a representation of
pseudo-dependency models, including the particular copula representations. Several prin-
cipal applications have shown the feasibility of parameter dependence modeling, including
those in ecology [5], �nance [7], biomedical modeling [6], [1], [8], [9], [10]. In this presen-
tation, we will discuss Filus and Filus's contributions to Dependence Modeling and the
signi�cance of 'Filus-Filus Dependency Models'.
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A Hierarchical Structural Equation Model for
Student Burnout
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In Structural Equation Modeling (SEM), variables measured on an ordinal scale,
such as Likert-type items, are frequently used. Therefore, when estimating SEM
parameters involving latent constructs�such as �perceived stress� and �student
burnout� operationalized through ordinal manifest variables (or indicators)�it
is recommended to adopt estimation methods speci�cally suited to these data.
In this study, �student burnout� was modeled as a second-order construct, with
�emotional exhaustion,� �disbelief,� and �personal e�cacy� speci�ed as �rst-order
constructs. The proposed theoretical model was estimated using survey data col-
lected from college students and two estimators grounded in di�erent statistical
paradigms: PLSc and DWLS. As expected, the �ndings revealed a strong positive
direct e�ect of �perceived stress� on �student burnout,� with �emotional exhaus-
tion� emerging as the central component.

Keywords

DWLS estimator, higher-order construct, mental health, PLSc estimator.

As commonly observed in the social, behavioral, and health sciences, an online sur-
vey was conducted in a Portuguese institution to assess �perceived stress� and �student
burnout�. Data were collected using the Perceived Stress Scale (PSS) and the Maslach
Burnout Inventory�Student Survey (MBI-SS) [4, 5]. In this study, the latent exogenous
construct �perceived stress� was considered a predictor of �student burnout� [2], which
was modeled as a construct of higher-order, allowing for a more parsimonious represen-
tation of the model [6]. Because the higher-order construct and all lower-order constructs
were re�ectively speci�ed, the proposed model was estimated using consistent Partial
Least Squares (PLSc), which is recommended for re�ective common factor models and
re�ective�re�ective hierarchical component models estimated using the disjoint two-stage
approach [1, 3, 6, 7]. The PLSc estimator has demonstrated robust performance in the
presence of ordinal data (e.g., Likert scales) and non-normal data, particularly in com-
plex models (involving numerous indicators, constructs, and interrelationships), as well
as in studies with limited sample sizes. The Diagonally Weighted Least Squares (DWLS)
method was also used. DWLS is particularly appropriate for ordinal indicators and in
situations where the assumption of multivariate normality is violated. Rather than �t-
ting Pearson covariance matrices directly, DWLS relies on polychoric correlations. These
estimators represent the two main approaches to structural equation modeling�variance-
based SEM (VB-SEM) and covariance-based SEM (CB-SEM). Although these approaches
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di�er in their modeling objectives, their application in this study is discussed as statisti-
cally complementary.
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On a modelling approach to Principle Component
Analysis

Martin Schlather1
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Principal Component Analysis simpli�es high dimensional data by means of an
orthogonal projection onto a lower dimensional hyperplane. An orthogonal pro-
jection can be de�ned through the (Euclidean) scalar product or, equivalently, as
the minimizer of the sum of squared distances between the data and their ap-
proximations. In order to transfer the PCA to extreme values, we just need to
�nd the natural scalar product and/or the natural distance measure for extreme
values. The talk gives an insight into a general approach, how scalar products
and distances might be de�ned, when fundamental requirements for a standard
scalar product are violated. We illustrate this approach by many examples and
new perspectives on some well-known concepts. Although the approach is heavily
based on algebraic objects such as monoids and quasi-semi-rings, the talk will
only deal with their properties, such as the validity of the associative law.
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Tribute to Jerzy Filus and his work
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The presentation pays homage to the unique talents and contributions of Jerzy
Filus. It summarizes Jerzy's research, specially in the area of dependence model-
ing, its importance and originality.
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Dimensionality reduction for compositional data
vectors: an application to the codon space
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In several real studies, observations are compositional data or the relative struc-
ture of the parts is more informative than their absolute values. Recently, a strat-
egy for applying Principal Component Analysis on data descreved by a compo-
sition of compositional data was proposed. To illustrate its interpretation, the
codon space related to the genes of 147 bacterial species are analyzed and graph-
ical methods are used to reveal patterns in the �rst principal component, itself a
composition.

Keywords
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Projecting high-dimensional datasets into lower-dimensional spaces has proven e�ec-
tive for extracting relevant information across many �elds. In several applications, obser-
vations are compositional data or the relative structure of the parts is more informative
than their absolute values.

Compositional data consist of multivariate observations that describe the relative
contribution of parts within a whole. Formally, a D-dimensional vector is considered com-
positional when all its components are positive and only the relative information among
the D parts (such as proportions or percentages) is meaningful. In this setting, the rele-
vant information is encoded in ratios between components rather than in their absolute
di�erences.

This concept can be extended to observations de�ned by compositions of p-parts of
D-parts compositional data (i.e., p vectors each one with D compositional components).
This type of multivariate observation is referred to as a p-dimensional compositional data
vector. Recently, [1] proposed a new approach to Principal Component Analysis (PCA)
for modelling this type of data.

For living organisms, the codon space is de�ned as a 12-dimensional vector comprising
the frequencies of the nucleotides A (adenine), C (cytosine), G (guanine), and T (thymine)
at each of the three codon positions (�rst, second, and third) in the coding regions of their
genome. The �rst four coordinates of the vector correspond to the frequencies of the four
nucleotides at the �rst codon position, the next four coordinates to the second position,
and the last four coordinates to the third position. The sum of the frequencies of the
four nucleotides at any codon position equals the total number of codons in the genome;
consequently, the sum of the 12 components of the vector equals three times the total
number of codons. Thus, the codon space can also be viewed as a composition of 4-part
compositional data across the three codon positions, i.e., a 3-dimensional compositional
data vector with D = 4.
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Investigations have shown that dimensionality reduction techniques such as PCA,
when applied to datasets containing the codon space of living organisms, provide useful
biological insights for complex biological systems [2, 3]. However, they have not been
analyzed in terms of compositional vectors.

Coding regions (genes) of complete genome sequences from 147 bacterial species,
of which 82 are Gram-positive (31 Actinobacteria, 9 Bacillales, 18 Lactobacillales, 14
Clostridia, and 10 Mollicutes) and 65 are Gram-negative, were downloaded from NCBI
GenBank (https://www.ncbi.nlm.nih.gov/nuccore/). The nucleotide frequencies at the
three codon positions were calculated using the package `PERL 1.0' developed by [2].
Finally, a 147 × 12 data matrix representing the codon space of these bacteria was ob-
tained.

Based on this dataset, the PCA approach proposed in [1] is applied, and bar graphs
are used to explore patterns in the �rst principal component, itself a composition. Using
this case study, strengths and limitations of this approach are discussed, and directions
for future work are suggested.

Acknowledgements: This work is supported by CIDMA (https://ror.org/05pm2 mw36)
under the Portuguese Foundation for Science and Technology (FCT, https://ror.org/00snf
qn58), Grants UID/04106/2025 (https://doi.org/10.54499 /UID/04106/2025) and UID/
PRR/04106/2025 (https://doi.org/10.54499/UID/ PRR/04106/2025).
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Multivariate analysis is applied to assess statistical attitudes and literacy in uni-
versity students. The approach identi�es latent structures and student pro�les
based on multidimensional data. Results show signi�cant di�erences across dis-
ciplines, with higher anxiety in Social Sciences, lower perceived utility in Health
Sciences, and distinct patterns in software acceptance.

Keywords
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tics, Technology Acceptance Model

The growing importance of data-driven decision-making has positioned statistical lit-
eracy as a fundamental competence in higher education, enabling individuals to interpret,
critically evaluate, and communicate information based on data. As highlighted in the
literature, statistical literacy encompasses both cognitive and communicative dimensions,
integrating reasoning, interpretation, and critical thinking in real-world contexts [1]. How-
ever, persistent di�culties in learning statistics and negative attitudes toward the subject
continue to be widely documented, particularly in non-technical disciplines, where anxiety
and low perceived utility can hinder the development of statistical competence [2, 3].

In this context, this study analyses statistical attitudes, literacy, and technology accep-
tance in a sample of 375 university students from the University of Salamanca (2024�2025,
2025-2026), considering di�erences across areas of knowledge. Data were collected us-
ing validated instruments measuring attitudinal dimensions (interest, perceived utility,
and anxiety), statistical literacy components (reasoning, interpretation, and critical un-
derstanding), and technology acceptance variables based on the Technology Acceptance
Model (TAM) [4].

A multistep analytical framework was adopted. First, exploratory multivariate tech-
niques were applied to identify global patterns and relationships among variables and
disciplines. Correspondence analysis provided a low-dimensional representation of associ-
ations between academic areas and response pro�les, revealing di�erentiated attitudinal
and literacy patterns. Discriminant analysis further assessed the ability of these variables
to classify students according to their disciplinary background.
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Second, a con�rmatory factor analysis (CFA) was conducted to validate the latent
structure of the constructs under study, ensuring consistency across attitudinal, cognitive,
and technological dimensions. Finally, a structural equation model (SEM) was speci�ed to
examine the relationships between these latent variables, allowing the estimation of direct
and indirect e�ects among attitudes, statistical literacy, and technology acceptance.

The results reveal signi�cant heterogeneity across disciplines. Students in Social Sci-
ences show higher levels of statistical anxiety and lower con�dence, whereas those in Health
Sciences report lower perceived utility and weaker acceptance of statistical software. In
contrast, students in Science and Engineering display more favourable attitudinal patterns
and higher levels of perceived competence. The structural model highlights the central role
of attitudes�particularly perceived utility and anxiety�in shaping both statistical liter-
acy and the acceptance of analytical tools.

These �ndings illustrate the relevance of integrating exploratory and structural multi-
variate approaches to capture the complexity of educational data. The proposed framework
provides a comprehensive perspective for analysing statistical competence and supports
the development of discipline-sensitive strategies for improving statistical education in
higher education.

Acknowledgements: This work was supported by the Teaching Innovation Project �Uso
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Variable selection is a crucial step in model building, determining which explana-
tory variables are included to explain or predict the dependent variable. When
categorical variables are involved, preserving the group structure is important.
This study addresses variable selection in mixture linear regression models using
penalized maximum likelihood estimation with Group LASSO, Adaptive Group
LASSO, and Group SCAD penalties.

Keywords

group variable selection, mixtures of linear regression models, penalized maximum likeli-
hood estimation, simulation study.

Finite Mixture Regression (FMR) models provide a �exible framework for analysing
heterogeneous populations in which the relationship between the response and explanatory
variables may di�er across latent subpopulations. In practical applications, a large number
of explanatory variables are often considered, making variable selection an important issue
in FMR models.

When predictors are naturally grouped, such as dummy variables associated with
categorical factors, group variable selection methods are especially useful because they
allow the simultaneous selection or removal of related variables while preserving the group
structure and interpretability of the model. In this context, [4] introduced several pe-
nalization methods for grouped variables, including the Group Least Absolute Shrinkage
and Selection Operator (GLASSO), Group Least Angle Regression (GLARS), and the
Group Garrote. To overcome the estimation bias and selection inconsistency associated
with GLASSO, [3] proposed the Adaptive Group LASSO (AGLASSO), which incorporates
adaptive weights to improve variable selection performance. In addition, [2] developed the
Group Smoothly Clipped Absolute Deviation (GSCAD) penalty, which reduces shrinkage
bias while performing group selection.

Furthermore, [1] studied variable selection in mixtures of linear regression models
using penalized likelihood approaches, highlighting the relevance of penalization methods
in the mixture modelling framework. In this study, we investigate group variable selection
in �nite mixtures of linear regression models using penalized maximum likelihood methods
in both low- and high-dimensional settings. Speci�cally, we compare the performance of
GLASSO, AGLASSO, and GSCAD in identifying the most relevant groups of explanatory
variables.

To compare these methods, we conduct an extensive simulation study across a range
of scenarios. In particular, we consider settings in which the number of groups increases
with the sample size. We also examine the impact of varying the number of mixture
components, the distribution of the explanatory variables, di�erent levels of correlation
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among the variables, the regression coe�cients, and the dispersion level of the data. To
evaluate the performance of the methods, we consider the following criteria: (i) the median
number of groups correctly estimated with zero coe�cients, corresponding to true zero
coe�cients correctly identi�ed as zero; and (ii) the median number of groups incorrectly
estimated with zero coe�cients, corresponding to true nonzero coe�cients incorrectly set
to zero. Finally, we assess predictive performance by computing the average twice negative
log-likelihood (predictive log-likelihood loss) on an independent test set.

The simulation study was conducted using version 4.5.3 of the R programming lan-
guage. Several R packages were used in the analysis, including flexmix, glmnet, and
grpreg, among others.

We conclude that AGLASSO generally yields better results in low-dimensional set-
tings. However, in high-dimensional settings, GSCAD outperforms both GLASSO and
AGLASSO in identifying the truly relevant groups.
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cia e a Tecnologia, I.P. under the project reference 2022.12256.BD and
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An Extreme Value Theory-based framework is proposed for converting extreme
observations into decision-oriented risk rankings. GPD model is combined with
tail-sensitive measures and rank aggregation, and applied to �re insurance losses.
The results show where sample-based summaries miss tail-driven changes in risk
ordering.

Keywords
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Extreme events are di�cult to compare because their practical relevance is often de-
termined by the tail rather than by the body of the distribution. In decision problems
involving insurance, climate, �nance, or infrastructure risk, the goal is not only to esti-
mate the magnitude of rare events, but also to transform several tail-sensitive indicators
into an interpretable ordering of alternatives. This work develops a computational deci-
sion framework that combines Extreme Value Theory (EVT) with rank-based aggregation
for extreme risk assessment. Risk is treated as an orderable quantity, following the mea-
surement perspective of perceived risk [1], while the tail modelling component follows the
standard EVT framework for exceedances [2]. See also [3].

The proposed framework has three steps. First, extreme observations are extracted by
a peaks-over-threshold procedure, leading to the Generalized Pareto Distribution (GPD)
modeling. Second, �tted tail models are used to compute risk measures such as tail mean,
Value-at-Risk and Expected Shortfall when applicable. Third, the resulting indicators
are converted into ranks and aggregated into a single decision-oriented ordering. The
aggregation step is deliberately simple and transparent: each risk measure provides an
ordinal comparison, and the �nal score summarizes the multi-dimensional tail pro�le of
each year or month.

One empirical application is considered, focusing on �re insurance claim costs using
the frecomfire dataset in the CASdatasets R package [4]. Claim amounts are grouped
by year and by month, and sample-based risk rankings are compared with GPD-based
rankings. The results show broad agreement for moderate-risk periods, but also reveal
targeted re-orderings when the far tail is material. In particular, the GPD framework
provides additional interpretability through the estimated shape and scale parameters
and improves the identi�cation of periods where extreme claims dominate aggregate risk.

Overall, the results indicate that EVT-based decision models can change risk orderings
precisely where sample summaries are least reliable: in the presence of rare, high-impact
observations. By combining tail-sensitive modelling with rank aggregation, the proposed
approach o�ers a transparent and portable pipeline for turning data on extremes into
decisions for monitoring, capital allocation, and operational planning.
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In pre-hospital trauma care, immobilization is recommended to prevent harm-
ful displacement. However, it may cause adverse e�ects such as discomfort, pain,
and pressure injuries. Assessing discomfort is therefore as important as pain as-
sessment. This study evaluates the reliability, temporal stability, and construct
validity of the Discomfort Assessment Scale for Immobilized Trauma Victims
(DASITV) using test�retest and multivariate statistical analyses.

Keywords

reliability, construct validity, discomfort scale.

The aim of this study was to evaluate the psychometric properties of the Discomfort
Assessment Scale for Immobilized Trauma Victims (DASITV), developed to assess dis-
comfort in trauma victims subjected to immobilization [3]. The study included 27 healthy
volunteers assessed in two separate sessions (test and retest) conducted approximately
two weeks apart. Discomfort was recorded at 30 anatomical locations over 12 time points,
from 5 to 60 minutes of immobilization. To obtain a clinically meaningful global discomfort
measure (DASITVg), the mean of the three highest discomfort scores reported by each
participant at each time point was calculated, focusing on the anatomical locations where
discomfort was most pronounced.

Several complementary statistical approaches were applied. Friedman's ANOVA, with
Bonferroni correction, was initially used to compare discomfort levels across time. Since no
signi�cant di�erences were observed during the �rst 20 minutes, only time points from 20
minutes onward were included in subsequent analyses. Test�retest reliability was assessed
using paired-samples t-tests, a two-way repeated-measures ANOVA with time and trial
as within-subject factors, and the Intraclass Correlation Coe�cient ICC(3,k), calculated
through a two-way mixed-e�ects model for consistency [2]. Additionally, multilevel models
with three levels were estimated using restricted maximum likelihood (REML), considering
time points nested within trials, and trials nested within participants.

Results showed a progressive increase in discomfort over time in both trials, although
retest values were systematically lower, suggesting a familiarization e�ect. Nevertheless,
the temporal pattern of discomfort progression remained highly consistent between test
and retest. In fact, paired-samples t-tests revealed no signi�cant di�erences between trials
for discomfort changes during the intervals 20�40, 40�60, and 20�60 minutes. Similarly,
the repeated-measures ANOVA showed no signi�cant interaction between time and trial
(p=0.639), supporting the temporal stability of the scale.
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As for the reliability results, the ICC(3,k) was calculated with the mean DASITVg
score for each participant across all time points from T4 (20 min) onward. The result, 0.739
(95% CI: 0.428�0.881), is suggestive of a fair-to-good reliability [1]. Multilevel modelling
also produced high ICC values (0.78), demonstrating that most variability in discomfort
scores was attributable to di�erences between participants and trials rather than to within-
trial variability or residual error.

To identify latent patterns of discomfort across anatomical locations, an exploratory
factor analysis (EFA) was performed using the original discomfort scores recorded at each
anatomical location from T4 (20 minutes) to T12 (60 minutes) in both test and retest
trials. Internal consistency of the resulting factors was assessed using Cronbach's alpha.
The analysis revealed stable latent dimensions supporting the aggregation of anatomical
locations into 11 clinically meaningful clusters, two of which consisted of a single anatom-
ical location. Clusters 1�9 showed excellent internal consistency (Cronbach's α > 0.90),
supporting the reliability of the aggregated locations.

Regarding the anatomical clusters, the highest discomfort levels were observed in the
occipital, calcaneus, and sacrum regions, which are clinically recognized as high-pressure
areas during prolonged immobilization. These clusters also presented ICC values rang-
ing from 0.68 to 0.80, further supporting the reliability of the DASITV for longitudinal
discomfort monitoring.

Overall, the results support the DASITV as a reliable and clinically meaningful in-
strument for monitoring discomfort progression during prolonged immobilization in pre-
hospital care settings.
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Statistical inference under dependent double truncation with interval sampling
poses important methodological challenges, since the truncation mechanism in-
duces selection on the observable sample and complicates the modeling of the un-
derlying dependence structure. Recent advances by Moreira et al. [1] introduced
a nonparametric framework for estimating marginal distributions and copula de-
pendence models in this setting, providing a �exible basis for semiparametric de-
pendence modeling. Motivated by the copula-based goodness-of-�t methodology
of Emura and Pan [2] for dependently left-truncated data, we investigate pro-
cedures for assessing the adequacy of candidate copula models under dependent
double truncation. The proposed methodology compares the empirical observable
joint distribution with the �tted observable distribution implied by the estimated
copula model through Kolmogorov�Smirnov and Cramér�von Mises type discrep-
ancy measures. Inference is performed using bootstrap resampling directly from
the �tted observable truncated distribution, yielding an e�cient model-based as-
sessment procedure that naturally accounts for the truncation mechanism. A sim-
ulation study is conducted to examine �nite-sample performance under di�erent
truncation levels, dependence strengths, and sample sizes, and the practical use-
fulness of the proposed approach is illustrated through an application to real
doubly truncated data.
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Bed-day burden depends on admission in�ow, length of stay and survival sta-
tus. Using 843,861 hip-fracture admissions in Brazil's public hospital system, we
combine �xed-reference standardization and exact decompositions to separate ad-
mission, LOS and survival-composition e�ects.
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Hip fracture is a useful sentinel condition for studying hospital burden with routine
administrative data. It is frequent in older and frail patients, is usually urgent, carries
in-hospital mortality risk and follows an acute-care pathway in which discharge timing is
operationally important. Shorter length of stay (LOS) may re�ect improved �ow, but under
system pressure it may also indicate care compression. This distinction became especially
relevant during the COVID-19 period, when hip-fracture pathways were maintained under
hospital stress and mortality concerns were widely reported [3].

For service planning, the key question is not only how many admissions occur, but
how many bed-days they generate. We propose a framework for acute hospital conditions
recorded in administrative data, linking clinical safety and operational demand through
admission timing, discharge status, LOS and basic case-mix adjusters. As a as a nationwide
application, we analysed hip-fracture hospitalizations recorded in the Hospital Information
System of the Brazilian Uni�ed Health System (SIH/SUS) from January 2008 to December
2023; January�September 2024 was retained as an incomplete-year sensitivity extension
[1]. Outcomes were in-hospital death and LOS, and admission-attributed mean daily bed-
day burden was de�ned as admissions per calendar day multiplied by mean LOS.

Mortality was modelled by logistic regression with natural splines for time. Mean
LOS was modelled separately for survivors and in-hospital deaths using Gaussian working
generalized linear models with a March 2020 break. Models adjusted for age, sex, diagnos-
tic subgroup, admission type, state of residence, seasonality and secular time, following
interrupted time-series principles. Monthly predictions were standardized to a �xed pre-
crisis reference population. Bed-day changes were decomposed into admission-in�ow and
LOS e�ects; LOS changes were decomposed into survivor, in-hospital death and survival-
composition components.

The primary analysis included 843,861 admissions; the 2024 sensitivity extension
added 60,081 records. The phase pro�le and bed-day decomposition are summarized in
Table 1.

The results show why admission in�ow and LOS must be interpreted together. In
2020�2021, shorter LOS partly o�set the sharp rise in admissions, but bed-day burden
still increased. Because this reduction in LOS occurred with standardized mortality above
reference, the pattern is more consistent with crisis-period compression than with simple
e�ciency gain. In 2022�2023, admission in�ow and LOS both increased burden, while
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Phase Adm./dayObs.
LOS

Obs.
mort.

Mort.
index

LOS
index

Bed-
days/day

Adm.
e�ect

LOS
e�ect

2008�2019 128.4 8.68 4.04% 1.000 1.000 1,114 � �

2020�2021 177.7 7.34 4.39% 1.041 0.839 1,305 +395.2 -204.8

2022�2023 207.0 7.82 3.86% 0.938 0.887 1,619 +221.8 +92.2

Table 1. Phase pro�les and bed-day decomposition. Indices relative to 2008�2019; e�ects
in bed-days/day versus the previous phase.

standardized mortality and LOS were both below reference, indicating a di�erent post-
crisis pro�le. The LOS e�ect was driven mainly by survivor stays rather than by changes
in the survivor/death mix.

The methodological contribution is a transferable administrative-data work�ow that
combines �xed-reference standardization, joint mortality�LOS interpretation, survival-
status LOS decomposition and admission-based bed-demand decomposition. Although
illustrated with Brazilian SIH/SUS records, the framework applies to other acute hospital
conditions with routinely recorded admissions, LOS, discharge status and basic risk ad-
justers. The present study focuses on the admission-attributed burden layer, where changes
in burden can be decomposed into admission and LOS components; complementary ac-
cepted work extends the framework to daily occupancy reconstruction from admission and
discharge dates [5].

C. Castro acknowledges support from the FCT project UID/00013/2025 (https://doi.
org/10.54499/UID/00013/2025).
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In this work, we propose an exact nonparametric test for assessing the homogene-
ity of prede�ned groupings of factor levels in designed experiments. The test is
based on rank di�erences within groups, and its exact �nite-sample distribution
is derived by a randomisation method inspired by Fisher's randomisation prin-
ciple. This approach avoids Monte Carlo simulation and yields exact quantiles
for the test statistic under the null hypothesis of non homogeneity. We further
extend the method to a multivariate framework by introducing a vectorised rank
statistic, which enables the simultaneous testing of grouping homogeneity across
several dependent variables. The methodology is illustrated using data from a
cocoa breeding experiment in Ghana, where plant varieties were evaluated on
multiple acidic soil types.

Keywords
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tivariate case, cocoa breeding experiment.

In many experimental contexts, the factor levels of a design can be partitioned into
subgroups according to a known structural characteristic � such as genetic ancestry, geo-
graphical origin, or treatment similarity. A key statistical question is whether such a priori
groupings are homogeneous with respect to one or more response variables. Testing this
hypothesis provides insight into whether the assumed structure re�ects real di�erences
in the observed outcomes. Existing nonparametric approaches for factorial designs, in-
cluding rank-based and pseudo-rank methods (see, e.g., [1, 2]), provide powerful tools for
assessing treatment e�ects without distributional assumptions. However, these approaches
usually rely on asymptotic results or simulation-based approximations. When sample sizes
are small or the design structure is complex, exact inference may be preferable. In this
work, following the study of Opoku-Ameyaw et al. (2023) [3], we introduce a rank-based
exact randomisation test for assessing the homogeneity of factor-level groupings. The test
statistic is constructed from within-group di�erences of ranks of aggregated observations,
and its distribution under the null hypothesis is derived explicitly through combinato-
rial randomisation. This procedure, inspired by Fisher's randomisation method (see, e.g.,
[4]), provides exact quantiles and allows the test to be performed without resorting to
simulation or asymptotic approximations, representing a clear advantage when compared
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with the method proposed in [3]. Furthermore, we extend the methodology to the multi-
variate setting by proposing a multivariate extension of the test that allows simultaneous
evaluation of grouping homogeneity across several dependent variables. To demonstrate
the applicability of the proposed methodology, we analyse data from a cocoa breeding
experiment in Ghana involving twelve plant varieties cultivated in four acidic soil types.
The experiment provides a practical setting for evaluating the proposed tests, both in
univariate and multivariate forms. The analysis con�rms the capacity of the method to
detect signi�cant grouping e�ects with small sample sizes, and highlights its robustness
across di�erent soil conditions.

Acknowledgements: This work is funded by national funds through the FCT � Fun-
dação para a Ciência e a Tecnologia, I.P., under the scope of the projects UID/00212/2025
(https://doi.org/10.54499/UID/00212/2025) (Center of Mathematics and Applications
of University of Beira Interior) and UID/00297/2025 (https://doi.org/10.54499/UID/-
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This work explores a Neural Additive Credit Risk Model (NACRM), an approach
that combines the �exibility of neural networks with the interpretability of ad-
ditive models such as GAM. The model is designed for applications where both
predictive accuracy and explainability are essential, particularly in the �nancial
sector, where decisions must be transparent to regulators and clients.The NACRM
is applied to credit scoring, a domain that requires accurate and interpretable as-
sessments of borrower risk. A key objective is to reduce false negatives, where
high-risk borrowers are incorrectly classi�ed as creditworthy, potentially leading
to signi�cant �nancial losses. The case study shows that the NACRM can cre-
ate distinct clusters that e�ectively separate default and non-default borrowers,
improving decision boundaries and lending decisions. In addition, the model esti-
mates individual default probabilities, providing valuable insights into applicant
risk pro�les. The empirical analysis is based on the Freddie Mac loan-level dataset
[4] as one of the most relevant publicly available datasets for credit risk research.
All modelling and experiments were conducted using the R software.

Keywords

Credit scoring, false negatives rate, interpretable deep learning, probability of default
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Global Disaster Trends and Impacts: A Statistical
Analysis of EM-DAT Records (1920�2025)
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This study analyses 26,456 disaster records (1920�2025) from the Emergency
Events Database (EM-DAT) to examine patterns of occurrence and their hu-
man and economic impacts. Results indicate decreasing mortality despite rising
disaster frequency, likely re�ecting advances in preparedness, training, medical
care, and humanitarian logistics. Economic losses correlate strongly with injuries
and a�ected populations, but weakly with mortality, highlighting the complex
relationship between fatalities and economic damage.

Keywords
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A disaster may be de�ned as a serious disruption to the functioning of a commu-
nity or society caused by hazardous events, resulting in human, material, economic, or
environmental losses that surpass the a�ected community's ability to cope using its own
resources [1]. Over recent decades, the increasing frequency and severity of natural and
technological disasters have posed signi�cant challenges to societies worldwide, a�ecting
human life, infrastructure, economies, and the environment [2]. In many cases, the scale
of these events exceeds local response capacities, requiring national or international assis-
tance [3].

This study aims to identify and analyse patterns in disaster occurrence and to examine
the relationships between their human, material, and economic impacts. Secondary data
were collected from the Emergency Events Database (EM-DAT) [4], comprising 26,456
disaster records worldwide from 1920 to February 2025. Statistical and correlation analyses
were conducted to evaluate trends in mortality, injuries, a�ected populations, economic
losses, declarations of state of emergency, and requests for international aid [5].

The results reveal that, although the absolute number of injuries remains substantially
higher than the number of deaths, disaster-related mortality has shown a decreasing trend
over the decades. This pattern may re�ect improvements in disaster preparedness and
mitigation strategies, including advances in early warning systems, population education,
professional training, medical care, and humanitarian supply chain management. These
developments appear to have contributed to reducing fatalities even as disasters continue
to occur more frequently and with greater intensity.

Correlation analyses using Spearman's coe�cient indicate strong associations between
the number of injured individuals, a�ected populations, and economic losses. In contrast,
total economic damage demonstrates only a weak relationship with mortality rates, sug-
gesting that reductions in fatalities do not necessarily correspond to lower economic im-
pacts. Furthermore, requests for international aid and declarations of states of emergency
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are more strongly associated with injuries, a�ected populations, and �nancial losses than
with the number of deaths.

Overall, the �ndings highlight the multidimensional nature of disasters and reinforce
the importance of integrated disaster risk reduction policies. While progress has been
achieved in reducing mortality, economic vulnerability and social disruption remain sub-
stantial challenges, emphasizing the need for continued investment in preparedness, re-
silience, and coordinated emergency response systems.
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Bootstrap-based �sher scoring in contaminated
state-space models

F. Catarina Pereira1, A. Manuela Gonçalves2, Marco Costa3

1University of Minho and Centre of Mathematics, Campus de Azurém, 4800-058
Guimarães, Portugal

2University of Minho, Department of Mathematics and Centre of Mathematics, Campus
de Azurém, 4800-058 Guimarães, Portugal

3University of Aveiro, ESTGA - Águeda School of Technology and Management and
CIDMA � Centre for Research and Development in Mathematics and Applications,

Campus Universitário de Santiago, 3810-193 Aveiro, Portugal

E-mail addresses: catarina.cardoso@math.uminho.pt; mneves@math.uminho.pt;
marco@ua.pt

State-space models are widely used for dynamic time series analysis, although
outliers may a�ect parameter estimation and forecasting performance. This work
proposes a robust parameter estimation approach based on a modi�ed Fisher
Scoring algorithm combined with bootstrap techniques. The method improves nu-
merical stability and estimation reliability under contaminated scenarios, showing
promising results in simulation studies and temperature forecasting applications.

Keywords

state-space models, outliers, bootstrap, �sher scoring, parameter estimation.

State-space models (SSMs) are widely used to describe dynamic systems in �elds such
as environmental sciences, economics, and engineering [1, 2]. Their �exibility allows the
modelling of latent processes and the recursive updating of predictions through the Kalman
�lter. However, parameter estimation in SSMs may become unstable in the presence of
outliers or small sample sizes, a�ecting convergence and inference reliability [3].

This work presents the Boost Fisher Scoring (BF) algorithm, proposed in [4], which
combines the Fisher scoring method with bootstrap techniques to approximate the Fisher
information matrix. The methodology aims to improve numerical stability and the esti-
mation of standard errors while preserving the original Gaussian state-space framework.
A robust extension, denoted by BFout, was speci�cally developed for contaminated time
series by performing bootstrap resampling after removing extreme innovations.

The performance of the proposed methods was assessed through simulation studies
under di�erent scenarios of sample size, variance, and autocorrelation. The results indicate
that BF and BFout improve convergence behaviour and provide competitive parameter
estimates with lower computational cost than full bootstrap procedures.

The practical usefulness of the methodology was further illustrated through an appli-
cation to short-term maximum temperature forecasting in Northern Portugal, where the
proposed approaches showed improved robustness and prediction accuracy in the presence
of contaminated observations.
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Fabry disease (FD) is a rare multisystemic disorder in which gait impairments
are increasingly reported. This work investigates whether topological data anal-
ysis of gait time series identi�es patterns associated with central nervous system
lesions (CNSL). Gait data from 41 subjects (controls, FD with CNSL, FD with-
out CNSL) were analyzed using persistent homology. FD patients with CNSL
showed increased H0 lifetime variability and maximum lifetime in posture and
speed variables, suggesting less compact and more heterogeneous gait dynamics.

Keywords

Fabry disease, gait time series, nonlinear dynamics, Topological Data Analysis, persistent
homology

Fabry disease (FD) is a rare, genetic, progressive, and multisystemic disease associ-
ated with renal, cardiac, and neurological involvement. Previous studies have shown that
gait variables contain discriminative information. Fernandes et al. demonstrated that mul-
tiple regression normalization improved the classi�cation of FD based on gait characteris-
tics, highlighting di�erences in foot �at and pushing [1]. Braga et al. further investigated
Fabry patients with and without white matter lesions, identifying gait variables as relevant
discriminative features of gait [2]. Recently, Topological Data Analysis (TDA) has been
applied to gait time series in parkinsonism, demonstrating that descriptors derived from
persistent homology can capture nonlinear and structural information that complements
traditional gait analysis [3].

The aim of this work is to explore whether the topological features of step-by-step
gait time series can reveal dynamic patterns associated with Fabry disease, with partic-
ular attention to central nervous system lesions (CNSL). Gait data were collected using
Physilog sensors (GaitUp®) during a self-selected 60-meter walking protocol. The �nal
dataset included 41 subjects: 15 healthy controls (CO), 15 FD patients with CNSL, and 11
FD patients without CNSL. Seventeen gait variables were analyzed (see details in [1, 2]).
For each subject and gait variable, topological descriptors were extracted, and each step
time series was reconstructed using Takens embeddings with delay τ = 1 and embedding
dimension m = 3, preserving the dynamics of consecutive steps and maintaining a su�-
cient number of embedded points. Persistent homology was computed from Vietoris-Rips
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complexes in dimensions H0 and H1. Topological descriptors included total lifetime, mean
lifetime, lifetime standard deviation, maximum lifetime, total persistence, and persistence
entropy. Group comparisons were performed at the individual level using Mann-Whitney
tests, permutation tests for median di�erences, bootstrap con�dence intervals, Cli�'s delta
test, and Benjamini-Hochberg false discovery rate correction.

Preliminary results show that when comparing FD patients with CNSL to CO, specif-
ically for H0 features, an increase in the standard deviation and maximum lifetime of H0

was observed for posture Takens embeddings, while an increase in the maximum lifetime
of H0 was also observed for speed. These results suggest that FD patients with CNSL may
exhibit more heterogeneous gait dynamics, particularly in variables associated with stance
phase and speed. Exploratory patterns, not statistically signi�cant, in patients with FD
without CNSL included lower minimum toe clearance, higher pushing, lower foot �at, and
increased gait cycle time and stride length, consistent with previous studies of aggregated
features in Fabry disease [1, 2].
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Accurately describing animal growth under environmental variability requires
stochastic modeling approaches, since classical regression models fail to capture
the underlying dynamic structure of growth and the temporal dependence in-
troduced by environmental �uctuations. Stochastic di�erential equation (SDE)
models address this need by incorporating random �uctuations directly into the
growth dynamics and, through suitable transformations, can be expressed in a
Ornstein�Uhlenbeck model.
In mixed-e�ects settings, key parameters are allowed to vary across individuals,
capturing heterogeneity in growth trajectories. However, this approach leads to
marginal likelihoods that lack closed-form expressions. To address this issue, we
have previously considered a Delta approximation method. In this work, we in-
troduce a re�nement based on applying the second-order Taylor expansion to the
argument of the exponential function rather than to the exponential itself.
The proposed approach is evaluated using both simulated data and real weight
records from a large and heterogeneous sample of Mertolengo cattle. Simulation
studies with one and two random parameters show that the re�ned method consis-
tently outperforms the classical Delta method and achieves results comparable to
exact likelihood approaches when available. The method remains computationally
e�cient and applicable to irregularly sampled data.
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tial equations
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Interval-censored data are common in longitudinal studies and pose challenges
for time-to-event analysis. This work proposes a uni�ed imputation-based frame-
work for handling interval-censored data, where latent event times are iteratively
generated within the observed censoring intervals and the censoring mechanism is
handled externally through a scaled redistribution procedure. Within this frame-
work, di�erent predictive models�including AFT, Random Survival Forests, and
DeepSurv�can be consistently compared through an iterative imputation scheme
based on pseudo-event times within the observed intervals, followed by a common
scaled redistribution procedure. Performance is assessed through simulations un-
der varying censoring levels, interval widths, and hazard distributions, with ex-
tensions to nonlinear e�ects and high-dimensional covariates. Results are further
validated using real-world clinical datasets.

Keywords
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Interval-censored data represent a common challenge in biostatistics, reliability en-
gineering, and longitudinal clinical trials. Unlike right-censoring, where the event is only
known to occur after a given time, interval censoring arises when the event is only known
to have occurred within a time window [L,R]. This setting is common in medical studies
with periodic follow-up assessments, such as asymptomatic disease progression or dental
health studies, where the exact transition time remains unobserved.

Let T denote a non-negative random variable representing the time to event. Under
interval censoring, T is not directly observed; instead, one observes a pair (Li, Ri) such
that Ti ∈ (Li, Ri], where Li and Ri denote the last time the event was known not to
have occurred and the �rst time it was observed to have occurred, respectively. Among
the available approaches for estimating the survival function, the Turnbull estimator [1] is
a widely used nonparametric extension of the Kaplan�Meier method. However, it cannot
incorporate covariates or estimate hazard ratios, limiting its use in regression settings. Im-
putation o�ers a practical alternative by replacing incomplete observations with plausible
event times t̂i ∈ (Li, Ri], enabling the use of standard survival work�ows.

Within the proposed framework, Accelerated Failure Time (AFT) models are used as
predictive tools to guide event-time imputation. These models assume that covariates act
multiplicatively on survival time and are commonly written as

log(T ) = Xβ + ϵ,

where ϵ follows a speci�ed distribution (e.g., Gumbel for Weibull models). Although in-
terpretable, AFT models may be limited in capturing complex nonlinear relationships.
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Recent developments in machine learning and deep learning provide greater �exibility
for modeling intricate patterns while treating censoring intervals as constraints within an
imputation framework. Random Survival Forests (RSF) construct ensembles of trees using
survival-based splitting rules such as the log-rank criterion [3]. DeepSurv is a Cox-based
deep neural network that replaces the linear predictor βTX with a nonlinear function
hθ(X) learned from the data [4].

The Scaled Redistribution method is a semi-parametric adjustment that reallocates
predicted event times within the observed interval [L,R], ensuring coherence with censor-
ing bounds while preserving relative variability. It avoids strong distributional assumptions
and remains computationally e�cient for small-to-medium datasets. Despite the growing
number of available methods, a uni�ed benchmarking framework for comparing classi-
cal imputation approaches, AFT models, and modern predictive methods such as RSF
and DeepSurv is still lacking. Building on previous research [5], this work addresses this
gap through a comprehensive comparative evaluation of imputation strategies based on
simulation studies and applications to real-world datasets.
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Considering a two-component risk model that combines additively mean and loss
probability through a trade-o� parameter, optimization techniques adapted from
criteria-weighting methods in multi-criteria decision-making are proposed to de-
termine the optimal value of this parameter. The application of the risk model
and the parameter optimization techniques are illustrated through a study on air
pollution risk assessment.
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In risk�value models, the trade-o� parameter controls the balance between risk and
value, and it can be estimated based on decision-makers' preferences or attitudes toward
risk in the economic context [1]. The mean-variance risk model formulated by Pollatsek and
Tversky [2] is one of those models, where risk and expected return are linearly combined
using a trade-o� parameter. Adapting these models for risk assessment using historical
data in di�erent contexts, determining the trade-o� parameter can be a complex task,
since preference judgments are often di�cult to obtain.

In this work, the Mean-loss probability risk model, that trades o� mean and loss
probability, is proposed for risk assessment together with di�erent trade-o� parameter
optimization techniques. The optimization techniques are adapted from multi-criteria de-
cision analysis, where they are used to assign criteria weights. Some of those techniques are
based on maximizing the variation between the available choices [4], as e.g. the weighted
principal component analysis method [3].

The Mean-loss probability risk model is applied to an air pollution risk assessment
problem, where the di�erent techniques are tested for determining the optimal parameter.
The aim is to classify 27 EU capital cities in terms of risk for air pollution based on monthly
averages of Nitrogen Dioxide concentrations measured from January 2018 to December
2025.

Acknowledgements: This research was partially �nanced by Portuguese Funds through
FCT (Fundação para a Ciência e a Tecnologia) within the Project UID/00013: Centro de
Matemática da Universidade do Minho (CMAT/UM).
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Research on count time series is limited by scarce real-world data, hindering model
evaluation. This study addresses the issue by generating synthetic series using
mixtures of INAR models and feature-based characterization. Observed and sim-
ulated data are compared in PCA space using KNN miscoverage and Wasserstein
distance. The proposed framework yields diverse and realistic synthetic datasets
with tunable characteristics, enabling more robust assessment of count time series
models.

Keywords

Synthetic data; count time series; PoINAR(1) models; coverage diagnostics; Wasserstein
distance

Synthetic generation of count-valued time series is increasingly useful for benchmark-
ing and robustness evaluation of methods (e.g., forecasting and anomaly detection), for
augmenting scarce machine-learning training data, and for privacy-preserving data sharing
when raw series cannot be released. In public-health and reliability settings, in particu-
lar, realistic synthetic count trajectories can help evaluate methods under controlled but
diverse scenarios.

We propose a feature-based generation framework build on mixtures of PoINAR(1)
models. Feature-based approaches are attractive because they support both interpretable
model control (via summary descriptors) and metric-based evaluation in a common repre-
sentation space. The mixture structure, in turn, introduces heterogeneity across regimes
and is designed to reproduce the diversity typically observed in real collections of count
time series.

Observed and simulated count time series are mapped to an interpretable feature
vector capturing key properties of count data (including dependence, dispersion, and
sparsity) and then embedded into a common PCA space. We assess geometric overlap
between observed and simulated feature clouds using nearest-neighbour miscoverage and
reverse miscoverage, where the distance threshold is de�ned in a data-driven way as a
percentile of the observed nearest-neighbour distance distribution. Complementarily, we
quantify feature-level distributional agreement using Wasserstein distances computed on
standardized features.

In a large simulation study with 20,000 randomly generated mixtures and numbers
of components k = 1, . . . , 10, the combined evidence from Wasserstein distances and the
coverage-based diagnostics did not identify a single optimal value of k. Nevertheless, to bal-
ance model parsimony with overall performance across miscoverage, reverse miscoverage,
and feature-wise Wasserstein discrepancies, we adopt k = 3 components as a pragmatic
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trade-o�. Finally, by comparing the synthetic output with commonly used benchmark
datasets, we illustrate that the proposed generator can produce realistic yet diverse count
time series, supporting more thorough evaluation and comparison of models for count-
valued temporal data.

Acknowledgements: The �rst and third authors were partially supported by CIDMA
under the Portuguese Foundation for Science and Technology (FCT) Multi-Annual Fi-
nancing Program for R&D Units, grants UID/4106/2025 and UID/PRR/4106/2025. The
second author was partially supported by INESCTEC through the Portuguese Founda-
tion for Science and Technology (FCT - Fundação para a Ciência e a Tecnologia) grant
UID/50014/2025 (DOI:10.54499/UID/50014/2025) .
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This study on Poilão Island, Guinea-Bissau, compared metrics to estimate the
abundance of female green sea turtles. We found that counting emergences at high
tide with a correction factor was the most e�ective method. GAM and GAMLSS
models showed equal predictive performance. For 2020�2022, we estimated 29,529
unique nesting females and 46,006 clutches, aligning with previous literature.
These �ndings re�ne monitoring and conservation for this globally signi�cant
nesting site.

Keywords

Green turtle, Poilão, Sea turtle, Generalized Additive Models, Generalized Additive Mod-
els for Location, Scale and Shape.

Poilão Island, in the Bijagós Archipelago of Guinea-Bissau, is one of the most im-
portant nesting sites for the green turtle (Chelonia mydas) in the world and a critical
area for marine turtle conservation [2]. Despite its small size, the island supports a large
nesting population, making reliable estimates of nesting abundance essential for moni-
toring and management [1]. In this study, we investigated which metrics best estimate
the number of turtles emerging on Poilão to nest, and we assessed the performance of
di�erent approaches for predicting total emergence counts. We used data collected from
four of the �ve beaches on Poilão between 2014 and 2022. The metrics evaluated included:
emergence counts at high tide peak, high-tide peak counts corrected with a correction
factor derived from 2019 data, track counts, and counts of turtles stranded on the rocks
surrounding the island. In 2019 and 2020, we also implemented a more accurate counting
method by marking turtles with non-toxic �uorescent, thereby avoiding double counts.
High-tide peak counts consistently underestimated the total number of emergence counts,
whereas applying the 2019 correction factor brought estimates closer to those obtained
through the paint-marking method. This correction performed well across years with dif-
ferent nesting densities. We calculated absolute di�erences between each metric and the
reference total derived from paint marking and ranked the metrics accordingly. Overall,
the corrected high-tide peak count was the closest estimate in the years analysed. Gener-
alized Additive Models (GAMs) and Generalized Additive Models for Location, Scale and
Shape (GAMLSS) were �tted to predict total emergence counts using explanatory vari-
ables such as track counts and stranded turtle counts on the surrounding rocks. Models
with track counts performed better than models with stranded counts. GAMLSS pro-
vided lower AIC values than GAM; however, both approaches showed similar predictive
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performance. Across 2020�2022, the estimated number of individual emerging turtles was
approximately 29,529, and nest abundance over the same period was estimated at 46,006,
corresponding to an average of about 15,335 nests per year. Our �ndings suggest that a
correction factor derived from 2019 can provide robust estimates under di�erent nesting
densities, and that track-based and model-based approaches are promising tools for long-
term monitoring. Further data collection, especially during high-density nesting years, is
needed to re�ne beach-speci�c correction factors and improve predictive accuracy.
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Hierarchical cluster analysis is applied to longitudinal neuropsychological and quality of life
data from 67 patients with alcohol use disorder, comparing the a�nity coe�cient with the
Euclidean distance on raw and di�erence score pro�les. Partition quality and agreement
between methods are assessed using the STAT coe�cient, tanglegram and Adjusted Rand
Index.

Keywords: A�nity coe�cient, Hierarchical clustering, Complete linkage, Alcohol use
disorder, Neuropsychological rehabilitation, Longitudinal pro�les, Real-valued data.

Executive function de�cits are well documented in alcohol use disorder (AUD) and rep-
resent a key target for neuropsychological rehabilitation (NR). In this work, we apply
agglomerative hierarchical cluster analysis to a longitudinal dataset of 67 outpatients with
AUD followed over 6 months at an Alcohology and New Addictions Service in Lisbon,
Portugal. Patients were assigned to two treatment modalities: a weekly therapeutic group
(WTG, n = 44) and a neuropsychological rehabilitation group (NRG, n = 23) [1]. At
three assessment moments � baseline (M1), 3 months (M2) and 6 months (M3) � pa-
tients were evaluated on a battery of 19 neuropsychological and quality of life measures
covering general executive function (FAB), cognitive �exibility (TMT, WCST), working
memory (Letters & Numbers), information processing speed (Codes), planning (Zoo Map,
Key Search), verbal �uency, inhibition (Stroop), and the four domains of the WHOQOL-
Bref (physical, psychological, social relations, environment).

The study is structured in two parts, both using Complete Linkage as aggregation crite-
rion. In Part 1, patients are described by the 57 raw score variables (19 measures × 3 time
points), which are non-negative. Hierarchical clustering is performed using the standard
a�nity coe�cient [2] and, for comparison, the Euclidean distance. In Part 2, patients
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are described by 57 di�erence score variables, computed as pairwise di�erences between
assessment moments (M1→M2, M1→M3, M2→M3) for each of the 19 measures. These
di�erence scores are real-valued and may take negative values, motivating the use of the
generalised a�nity coe�cient, extended to handle real-valued data [3]. Hierarchical clus-
tering is again performed using both the generalised a�nity coe�cient and the Euclidean
distance.

In both parts, the comparison between a�nity-based and Euclidean distance-based solu-
tions is conducted using the STAT coe�cient to assess partition adequacy, the tanglegram
and entanglement coe�cient to compare dendrogram structures, and the Adjusted Rand
Index (ARI) to quantify agreement between the best partitions from each method.

By relying on normalised row pro�les and incorporating the sign of observations, the
a�nity coe�cient emphasises similarities in temporal structure and directional evolution,
reducing the in�uence of scale and mitigating redundancy induced by correlated variables.
In contrast, Euclidean distance-based clustering is sensitive to magnitude and variance,
potentially grouping patients with similar overall score levels but distinct recovery tra-
jectories into the same cluster. This study illustrates the potential added value of the
a�nity coe�cient � and its generalisation to real-valued data � in a health data context
characterised by multidimensional, longitudinal and clinically relevant observations.

Acknowledgements: This work was partially supported by FCT � Fundação para a Ciên-
cia e Tecnologia, I.P., by project references UID/04279/2025 (DOI: https://doi.org/10.
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Estimation of conditional survival functions is challenging when event times are
interval censored and covariates are continuous or partially observed. We pro-
pose a fully nonparametric framework based on kernel-weighted Turnbull estima-
tors, extending Beran's conditional Kaplan�Meier approach to interval-censored
settings. The methodology also addresses conditional survival given an interval-
censored intermediate event, avoiding ad hoc imputation strategies. Simulation
results show improved performance over midpoint-based approaches, particularly
under moderate to severe interval censoring. An application to breast cancer data
illustrates the practical relevance of the proposed methods.

Keywords

Conditional survival, interval censoring, kernel smoothing, Turnbull estimator, nonpara-
metric estimation.

Conditional survival analysis plays a central role in time-to-event studies, particularly
in medical and epidemiological applications. While regression-based approaches, such as
the Cox proportional hazards model [3], are widely used under right censoring, they rely
on structural assumptions that may be restrictive in practice.

In many applications, event times are not exactly observed but are only known to lie
within inspection intervals, leading to interval-censored data [5]. Although the Turnbull
estimator provides a nonparametric solution for marginal survival estimation in this set-
ting [2], extending such methods to conditional survival remains challenging, especially in
the presence of continuous covariates or partially observed event times. Classical nonpara-
metric approaches for conditional survival, such as Beran's estimator [4], are not directly
applicable in this context.

In this work, we develop a uni�ed nonparametric framework for conditional survival
estimation under interval censoring. The proposed approach combines kernel smoothing
with Turnbull-type estimators, yielding a �exible method that avoids parametric assump-
tions. Additionally, we address the problem of estimating survival probabilities conditional
on the occurrence of an intermediate event within a time interval, a setting commonly en-
countered in longitudinal follow-up studies and multi-state processes [6, 7].
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dação para a Ciência e a Tecnologia, I.P., under the Program Contract of the Cen-
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Football calendars are becoming more demanding for football players, leading to
less time to recover between matches. The physiological need for adequate recov-
ery supports the study of the potential detrimental e�ects of congested periods
on players' health and performance. The aim of this study is to compare the per-
formance of high-speed distances during consecutive matches of congested and
non-congested �xture periods in professional football players.

Keywords
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Straight sprinting is the most frequent action in goal situations. Therefore, the capac-
ity of the players to perform high-intense velocity e�orts is of capital relevance. As such,
adequate recovery is essential to maintain performance, particularly in high-speed actions
critical to match outcomes. Despite the rationale associated with performance decrements
during congested periods, the impact on high-velocity running e�orts in football remains
unclear.

This study analyses the e�ect of �xture congestion on external load performance using
a longitudinal modelling framework. Data were collected from two competitive seasons of
a portuguese professional football team, where the players were observed over sequences
of 2 to 5 consecutive matches. Congested periods were de�ned as inter-match intervals of
less than 5 days, while non-congested periods corresponded to intervals between 5 and 8
days. Only observations with a minimum of 70 minutes played were included to ensure
comparability.

Inference focused on estimating the e�ect of congestion on performance trajectories
across consecutive matches, accounting for within-player correlation and between-player
variability. Model-based comparisons were conducted both within and between periods, en-
abling a formal assessment of performance di�erences under varying temporal constraints.
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Clustering discrete-valued time series according to their temporal dynamics is
challenging because distance-based methods are often di�cult to apply and lack
e�ectiveness in this context. We propose a �exible model-based clustering frame-
work for count time series based on �nite mixtures of INAR-type models, where
each mixture component corresponds to a distinct data-generating mechanism
and thus de�nes a cluster. Extending existing approaches, we allow for arbitrary
autoregressive orders, multiple thinning operators, and a wide range of innovation
distributions, resulting in a highly general class of models, allowing, for example,
varying levels of dispersion and zero in�ation. The �nite mixture representation
allows for likelihood-based inference and the use of an EM algorithm for clustering.
The e�ectiveness of the methodology is demonstrated through a comprehensive
simulation study and the athlete pro�ling of a long distance running.

Keywords

INAR models, EM algorithm, �nite mixture, clustering of time series.

1 Introduction

Clustering time series characterized by small counts and distinct temporal dynamics, where
continuous data models are ine�ective can be challeging. By focusing on discrete observa-
tions like disease cases or daily purchases, the study emphasizes the need for specialized
methods for non-negative integers. It introduces a framework designed to group these
series based on their unique generative processes rather than simple distance metrics[1].
This work introduces a model-based clustering framework designed speci�cally for count
time series [2], where data consist of non-negative integers, possible with zero in�ation or
over dispersion.

2 Methodology

Traditional distance-based methods often fail to capture the underlying generative pro-
cesses, especially for discrete data. Hence, it is proposed a �nite mixture model approach
where each component represents a distinct time series model. While previous research has
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focused on continuous data or limited INAR(1) structures, this work extends the method-
ology signi�cantly. It allows for arbitrary lag orders (p), multiple thinning operators, and
diverse innovation distributions. This generalization accommodates speci�c data traits
like underdispersion and INARCH-type dynamics. By utilizing a �exible family of INAR-
type models, the authors derive conditional distributions necessary for likelihood-based
inference. This structure enables the implementation of a standard EM algorithm to iden-
tify optimal clusters. The resulting framework is generic, highly �exible, and applicable
to various �elds such as epidemiology and retail. Overall, it provides a robust statistical
tool for pro�ling athletes or subjects based on temporal count patterns. The performance
were assessed through a simulation study where three scenarios were de�ned based on the
degree of similarity among the parameters of the INAR(p) processes.

3 Application

The methodology was applied to data from 186 ultramarathoners participating in the 2012
World Championship 24-hour race to identify performance patterns. The primary metric
is the number of laps completed per hour, derived from original cumulative records. Only
athletes demonstrating continuous e�ort were selected, as the analysis focuses strictly on
modeling pacing dynamics regardless of demographic factors like age or gender.

The analysis evaluated a range of 2 to 6 clusters using INAR(p) models with or-
ders p ∈ {3, 4, 5}. Two competitive speci�cations were tested: negative binomial thinning
(nb-poi) and binomial thinning (bin-poi), both with Poisson innovations. The optimal
con�guration, identi�ed by the lowest BIC and ICL values, was the three-cluster INAR(3)
model with binomial thinning and Poisson innovations. This selection is consistent with
the data's lack of overdispersion, which favors binomial thinning over the negative binomial
alternative.
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State-space models are widely used to represent latent dynamic systems, but pa-
rameter estimation may become di�cult under distributional misspeci�cation or
numerical instability. This work proposes a double-iterated Generalized Method
of Moments (GMM) estimator for linear Gaussian state-space models based on
Kalman prediction errors and iterative corrections. The approach aims to reduce
the impact of parameter estimation errors on �ltering and forecasting performance
while relaxing strict Gaussian maximum likelihood assumptions. The methodol-
ogy is illustrated using Portuguese unemployment data.

Keywords

forecasting accuracy, generalized method of moments, Kalman �lter, parameter estimation
state-space models.

4 Introduction

State-space models are widely used to analyse dynamic systems through latent state and
observation equations. However, parameter estimation in these models is often a di�cult
task, particularly due to numerical instability, convergence problems and the possibil-
ity of obtaining estimates outside the admissible parameter space, [2]. These di�culties
may compromise �ltering and forecasting performance, especially in practical applications
involving short samples or highly persistent dynamics, [1]. This work proposes a double-
iterated Generalized Method of Moments estimator (GMM2i) for linear state-space mod-
els. The methodology combines moment conditions derived from Kalman �lter prediction
errors with an iterative correction mechanism designed to improve parameter estimation
stability and forecasting accuracy.

5 Methodology

Consider a linear Gaussian state-space model composed of a state equation and an obser-
vation equation. The latent process evolves according to βt = Φtβt−1+εt, εt ∼ N (0, Σε),
while the observations satisfy Yt = Htβt + et, et ∼ N (0, Σe). Here, βt denotes the la-
tent state vector, Yt the observed variables, and Φt and Ht the transition and observation
matrices, respectively. The disturbances are assumed mutually uncorrelated across time.
In the stationary speci�cation considered in this work, βt = µ+ Φ(βt−1 − µ) + εt, where
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µ is the stationary mean vector and stationarity is ensured when the eigenvalues of Φ
satisfy |λi| < 1. The Kalman �lter provides recursive predictions and �ltered estimates of
the latent states. Since these quantities depend on unknown parameters, estimation errors
may propagate through the �ltering recursions and deteriorate forecasting performance.
The proposed methodology derives moment conditions from �rst-order approximations
of Kalman prediction errors and incorporates them into a double-iterated Generalized
Method of Moments framework (GMM2i). The estimation procedure iteratively updates
the parameter vector using corrected moment conditions and weighting matrices until con-
vergence. A hybrid estimator (h-ML) is also proposed, combining GMM corrections for
mean and autoregressive parameters with Gaussian maximum likelihood estimation for
variance components. A simulation study compared the proposed methods with standard
maximum likelihood estimation regarding parameter estimation and forecasting perfor-
mance.

6 Application

The methodology was applied to Portuguese unemployment data from 2001�2023, analysing
the relationship between registered unemployed individuals and unemployment bene�t
recipients. Three estimation procedures were compared: Gaussian maximum likelihood
(ML), the hybrid estimator (h-ML) and the proposed GMM2i estimator. Forecasting per-
formance was evaluated using RMSE, MSSE and MAD measures. The results showed that
the h-ML estimator achieved the lowest forecasting errors in most cases, while the proposed
methods demonstrated good numerical stability and competitive predictive performance.
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Calibrated Discrepancy Bands for Checking the
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We propose a calibrated discrepancy framework for checking the Markov prop-
erty in multi-state models. It compares Aalen�Johansen and landmark Aalen�
Johansen estimators through a studentized discrepancy process, uses complemen-
tary KS- and L2-type functionals, and provides a bootstrap-calibrated simul-
taneous con�dence band. The method supports both local and multi-landmark
inference. Simulations and colon cancer data show good calibration, power, and
interpretable time-localized departures.

Keywords

multi-state model, Markov property, landmarking, Aalen�Johansen estimator, simultane-
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Markov multi-state models are widely used for prognosis and dynamic prediction,
but the Markov assumption may fail when transition risks depend on duration in the
current state or on earlier history. Existing checks include regression-based approaches and
discrepancy-based comparisons between Markov and non-Markov transition probability
estimators [1, 2]. We present a discrepancy-based diagnostic framework that turns the
comparison between the Aalen�Johansen (AJ) and landmark Aalen�Johansen (LM-AJ)
estimators into a calibrated inferential tool.

For a �xed landmark time and transition, we de�ne the discrepancy process as the
di�erence between LM-AJ and AJ transition probability estimates over time. Under the
Markov assumption, both estimators target the same quantity, so the discrepancy should
�uctuate around zero. To detect departures, we use two complementary studentized func-
tionals: a Kolmogorov�Smirnov-type supremum statistic for localized deviations and an
integrated L2-type statistic for sustained di�erences. We also construct a simultaneous
con�dence band for the full discrepancy curve, so the graphical diagnostic supports for-
mal inference and identi�es the time regions where departures are most pronounced. This
is especially useful in applications where scalar summaries may miss brief but relevant
non-Markov behavior.

Calibration is performed by a subject-level martingale multiplier (wild) bootstrap [3].
The same multipliers are reused across AJ and LM-AJ perturbations to preserve their joint
dependence. The framework also extends naturally to multiple landmark times through
a global maximum statistic that aggregates evidence while controlling multiplicity by
construction. To improve �nite-sample behavior in late follow-up, we use a data-adaptive
truncation rule that restricts inference to stable time windows when landmark risk sets
become small and tail variability becomes dominant.

Simulation results in a progressive four-state model show near-nominal type-I error
and good power under duration- and history-dependent alternatives. The KS statistic
is more sensitive to sharp local departures, while the L2 statistic captures broader sus-
tained deviations. In a colon cancer application, the proposed band localizes time regions
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where Markov modelling appears inadequate and yields conclusions consistent with estab-
lished discrepancy-based diagnostics [4, 1]. Overall, the method provides a practical bridge
between visual discrepancy plots and formally calibrated inference for Markov property
assessment, while preserving direct interpretability for applied researchers.
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Survival analysis is used for studying time-to-event data. Traditional bootstrap
clustering of curves is e�ective but imposes heavy computational demands, limit-
ing scalability in large datasets. We propose a novel method leveraging k-means
and the log-rank test to e�ciently identify and cluster multiple survival curves.
Eliminating intensive resampling substantially reduces computation time while
strictly preserving statistical validity. Simulations demonstrate performance match-
ing bootstrap techniques e�ciently, providing a practical and scalable model.

Keywords
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Survival analysis is a fundamental statistical approach used in medical, biological, and
epidemiological research to study time-to-event data. A key aspect of survival analysis is
the estimation of the survival function, particularly in the presence of right-censored data.
The most commonly used non-parametric estimator in such cases is the Kaplan-Meier
estimator [2], which provides an empirical estimate of the survival probability over time.

Several statistical tests have been developed to compare survival curves, with the
log-rank test being the most widely used due to its e�ciency in detecting di�erences in
survival distributions [3]. The log-rank test evaluates whether survival functions di�er
signi�cantly between groups under the null hypothesis that they are identical.

When the null hypothesis is rejected, indicating signi�cant di�erences between survival
curves, multiple pairwise comparisons may be required. In R, the survminer package
provides the function pairwise_survdiff, which allows for two-by-two survival curve
comparisons. However, as the number of groups increases, multiple testing becomes a
challenge, necessitating corrections to control the family-wise error rate.

Commonly used multiple testing correction methods, including the Bonferroni ap-
proach [1] alongside others like Holm or Hochberg, are implemented in the p.adjust

function of the R stats package. For example, when comparing survival curves among
15 groups, such as in a breast cancer dataset analyzed in our application, the number
of pairwise comparisons reaches

(
15
2

)
= 105. Conducting multiple hypothesis tests at this

scale makes interpretation complex and computationally intensive.
While multiple pairwise comparisons allow for survival curve di�erentiation, they do

not inherently provide a clustering mechanism to group similar curves. The 2019 study
by Villanueva et al. [4] introduced a methodology to address this issue by clustering
survival curves based on resampling techniques. However, the method is computationally
demanding due to the extensive use of bootstrap resampling. Although e�ective, this
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method introduces substantial computational costs, making it impractical for large-scale
applications.

A signi�cant drawback of bootstrap-based clustering methods is the necessity of multi-
ple resampling iterations, where each step involves estimating survival functions, comput-
ing test statistics, and evaluating clustering results. This process can be computationally
prohibitive, especially when analyzing high-dimensional survival data. To address these
limitations, our study proposes an alternative method that employs the log-rank test as a
clustering criterion, thereby signi�cantly reducing computational overhead while maintain-
ing robust statistical properties. Unlike bootstrap-based approaches, it provides a direct
and computationally e�cient means of determining whether two or more survival curves
di�er signi�cantly. Our method builds upon this principle, systematically forming clusters
by iteratively merging survival curves with non-signi�cant log-rank test results, ensuring
an optimal partitioning of survival groups.

The main contributions of this study are as follows. We introduce a novel clustering
approach based on the log-rank test, which removes the need for computationally intensive
resampling techniques. Through simulation studies, we demonstrate that our method pro-
duces clustering results comparable to those obtained with bootstrap-based approaches,
while signi�cantly improving computational e�ciency. Additionally, we provide a practical
framework for applying this method in survival analysis, making it particularly suitable
for large datasets commonly encountered in medical and epidemiological research.
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Modelling seawater enables the identi�cation of temporal patterns and the fore-
casting of future trends, providing support for the development of adaptation
strategies. This research analyses time series of monthly mean sea temperature in
four Atlantic regions � Nazaré, Faro, São Miguel, and Praia � between 1968 and
2024, using the european EMODnet data at two depths. SARIMA models showed
strong performance in capturing trends and seasonality and in forecasting. To ac-
count for spatial dependence, a STARMA model was applied. The results con�rm
the progressive warming of Atlantic waters and demonstrate the e�ectiveness of
the applied models.

Keywords
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The study of seawater temperature is of major importance in the context of climate
change and ocean warming. Rising sea temperatures are associated with signi�cant im-
pacts on marine ecosystems, including biodiversity loss and shifts in species distribution.
This study analyses the evolution of monthly mean sea temperature in the Atlantic Ocean
between January 1968 and June 2024 across four regions: Nazaré, Faro and São Miguel
(Portugal), and Praia (Cape Verde). It is also of interest to compare the evolution of sea
temperature at di�erent depths. Accordingly, time series at two distinct depths, namely
1 m (surface) and 5 m, were considered using data obtained from the European Marine
Observation and Data Network (EMODnet).
Several time series methodologies were applied to model the univariate sea temperature
series, including Holt�Winters and Seasonal Autoregressive Integrated Moving Average
(SARIMA) models. Among these, SARIMA demonstrated the best performance, robustly
capturing both trend and seasonality while producing low forecasting errors for the test
period from July 2023 to June 2024. Morover the test for trend show a signi�cant increase
in sea temperature along time. Another approach incorporated the spatial dimension by
accounting for correlations both over time and across geographical or networked loca-
tions. A Space-Time Autoregressive Moving Average (STARMA) model, which extends
ARMA/ARIMA-type models, was �tted to the sea temperature time series at 1 m depth
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(surface level), based on a spatial weight matrix derived from geodesic distances. The �nal
model revealed dominant temporal dependence and moderate spatial in�uence, showing
good performance and residuals close to white noise. STARMA forecasts preserved the
thermal hierarchy among regions and reinforced the structural consistency of the univari-
ate results. Overall, the study con�rms the progressive warming of Atlantic waters and
demonstrates that SARIMA and STARMA models are e�ective tools for understanding
and predicting regional thermal variability. These �ndings provide relevant scienti�c sup-
port for ocean monitoring and climate adaptation strategies in vulnerable coastal and
marine regions.
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Cumulative thermal-stress indices are central to environmental epidemiology, yet
most are built for isolated extreme events in a single season. We present GATO-
YR, a year-round, symmetric (heat and cold), hierarchical band-categorical ex-
tension of the Generalized Accumulated Thermal Overload, and show how �ve
methodological decisions materially shape epidemiological inference, using 19 years
of Portuguese hospital admissions and 14 years of birth records.

Keywords
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ronmental epidemiology.

The Generalized Accumulated Thermal Overload (GATO) is a recursive heat-burden
index that accumulates daily temperature exceedance over a percentile threshold while
a run-length counter tracks the current heat episode. It extends the original Portuguese
ÍCARO heat-warning methodology [1]; the English acronym GATO was �rst published
internationally by Nogueira and Paixão [2], and its weekly-threshold form (GATO IV) was
shown to outperform the Excess Heat Factor for Lisbon mortality [3]. GATO had, however,
been restricted to the summer season, with thresholds built from summer-only data, and
no symmetric cold-side accumulator existed. GATO-YR removes both limitations: weekly
percentile thresholds (τ) are computed for all 53 ISO weeks and cyclically smoothed,
separately for each of the 278 mainland Portuguese municipalities, and a symmetric cold-
side index (CGATO) is de�ned on minimum temperature and low percentiles.

Building the year-round index exposed �ve methodological decisions, each of which
measurably a�ects epidemiological inference: (i) the cyclic-smoothing scheme for τ , with
two operationally equivalent variants; (ii) the operationalisation of exposure � a contin-
uous smooth versus a hierarchical band-categorical cascade in which each day is classi�ed
into the most extreme percentile band it crosses; (iii) the climatological reference period,
where the WMO current normal (1991�2020) empirically outperforms the classical 1961�
1990 normal for contemporary data (heat F-statistic 15.66 vs 9.42), because historical
thresholds applied to a warmed period dilute the �extreme� bands with merely-moderate
days; (iv) seasonality control, where exhaustive factor(month) + factor(year) liberates
about 2.6 times more genuine heat signal and removes some 67% of spurious cold signal
relative to a cyclic spline; and (v) the operationalisation of cold exposure, where only the
categorical cascade � not distributed-lag models on continuous temperature � detects a
+10% preterm-birth risk at the most extreme cumulative-cold band.

The framework was developed and stress-tested on E-OBS gridded temperature [4]
linked to 19 years of Portuguese hospital admissions (1.93 million municipality-day ob-
servations, 27 Major Diagnostic Categories) and 14 years of municipal birth records. To
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our knowledge, GATO-YR is the �rst index to span heat and cold, acute and cumulative,
across every season in one coherent construct � calibrated and validated for the Por-
tuguese reality. This talk presents the framework, the �ve decisions, and the evidence for
resolving each, drawing on three companion application papers.
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The ZIGP-INGARCH model is proposed to handle count time series with overdis-
persion and zero in�ation, for which traditional models fall short. The asymptotic
properties of its estimators are established and validated through Monte Carlo
simulations. The results identi�ed speci�c conditions required for stable param-
eter estimation, namely sample size and overdispersion levels. The model was
applied to a real dataset of weekly Pseudo-nitzschia counts. The results showed
that the model is �exible, but simpler options can sometimes perform better.
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Optimal cuto� selection under scale mixtures of
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We develop a uni�ed framework for ROC analysis and optimal cuto� selection
under scale mixtures of skew-normal (SMSN) distributions. The optimal thresh-
old minimises a weighted misclassi�cation risk incorporating disease prevalence
and asymmetric costs, characterised by a likelihood-ratio equation. Under mono-
tone likelihood ratio, we establish existence, uniqueness, and global optimality of
the cuto�, and derive consistency, asymptotic normality, and a plug-in variance
estimator via the delta method. Monte Carlo simulations and an application to
SARS-CoV-2 serological data illustrate the methodology.
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Selecting a diagnostic threshold for a continuous biomarker is a routine but conse-
quential problem. The widely used Youden index assumes equal misclassi�cation costs
and equal disease prevalence, assumptions that are often unrealistic. In addition, serolog-
ical and immunological biomarkers frequently exhibit skewness and heavy tails, limiting
the adequacy of Gaussian ROC models.

We develop a parametric framework for ROC analysis and optimal cuto� selection
under the family of scale mixtures of skew-normal (SMSN) distributions, including the
skew-normal and skew-t models. The ROC curve and AUC are estimated by plug-in max-
imum likelihood from separate-group �ts.

The optimal cuto� is de�ned as the minimiser of a weighted misclassi�cation risk
that incorporates disease prevalence and asymmetric costs, leading to a likelihood-ratio
equation that generalises the Youden criterion. Under a monotone likelihood ratio condi-
tion, we establish existence, uniqueness, and global optimality of the cuto�. We further
derive consistency, asymptotic normality, and a closed-form plug-in variance estimator for
the cuto� estimator, obtained through the implicit function theorem and the multivariate
delta method. A key term in the variance is the local slope of the estimating equation at
the optimum, which we interpret as a local identi�ability diagnostic.

Monte Carlo simulations under skew-normal and skew-t scenarios con�rm the accuracy
of the asymptotic approximation and the nominal coverage of Wald con�dence intervals.
An application to SARS-CoV-2 IgG serological data shows that the proposed cuto� can
di�er substantially from the Youden threshold and may reduce estimated misclassi�cation
risk by up to 63% under asymmetric decision settings.
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Finite volume solution of the incompressible
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and streamfunction-vorticity formulations
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The numerical solution of the incompressible Navier-Stokes equations is commonly
performed using classical primitive-variable formulations, in which the pressure-
velocity coupling plays a central role in the overall complexity and e�ciency of
the numerical method. Alternatively, streamfunction-vorticity formulations elim-
inate the pressure variable and provide a natural framework for the analysis of
vortex dynamics, although the accurate treatment of vorticity boundary condi-
tions remains a signi�cant challenge, particularly in curved geometries. This work
presents a comparative study between primitive-variable and streamfunction-
vorticity formulations within a very high-order accurate �nite volume method for
incompressible �ows. Special attention is given to the mathematical derivation and
numerical treatment of boundary conditions for the streamfunction and vorticity
in arbitrary curved geometries. For both formulations, an appropriate boundary
discretisation strategy on unstructured polygonal meshes is employed, allowing
very accurate approximations on curved domains without requiring curved mesh
elements. Several benchmark two-dimensional incompressible �ow problems, in-
cluding the semi-elliptical lid-driven cavity problem, are considered to assess the
behaviour of both formulations in terms of numerical accuracy and computational
performance. The results highlight the respective advantages and limitations of
each approach, illustrating the potential of vorticity-based formulations as a com-
petitive alternative for very high-order accurate simulations of incompressible
�ows in complex geometries.
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A partially linear model including a nonparametric e�ect of time and a linear
e�ect of age group and parity, together with their interaction, is used to model
uterine artery pulsatility index cross-sectional data. Goodness-of-�t is assessed by
an integrated conditional moments test, implemented by a new estimation-robust
approach. The results are compared with those from a fully parametric model and
suggest the need for the nonparametric term.
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For i = 1, . . . , n, consider the crude errors of a partially linear model setting, given
by ε(Ai, Si, β,m) = Yi − (AT

i β + m(Si)), where A and S are covariates, β is a vector
of coe�cients, and m(·) is a smooth function to be estimated. The goodness-of-�t of the
adjusted model can be assessed by testing

H0 : E[ε(A,S, β,m) | A,S] = 0 almost surely for some β,m. (1)

The conditional mean speci�cation in (1) is equivalent to an in�nite number of pro-
jected unconditional moment restrictions, so that the test can be stated as an integrated
approach over residual-marked empirical Gaussian processes (GP) [3]. The test statistic is

TK(β,m) := EX

[
(R(X,β,m))2

]
= E [ε(X,β,m)Kε(X,β,m)] . (2)

where R(X,β,m) := E [w(A,S)ε(A,S, β,m)], X = (A,S)t, w is any measurable func-
tion, andK is the estimated covariance matrix of the GP. A re�nement of this methodology
was recently developed for (�nite-dimensional) parametric models [1]. The key innovation
is projecting X onto the orthocomplement of the conditional moment score subspace. The
test statistic considers the estimated covariance-kernel matrix of the projected GP. This
ensures robustness to the estimation, allowing for fast-bootstrap procedures and e�cient
computations. Using a local polynomial estimation-based approach, we extend this test
procedure to accomodate the in�nite-dimensional parameter m(·) of a PLM.

To illustrate, data regarding the uterine artery pulsatility index [2] are considered.
For a better understanding of the cyclic changes in uterine perfusion, cross-sectional data
were collected from 1668 women from di�erent age groups (1: 18�26 y.o., 2: 27�35 y.o., 3:
36�50 y.o.), with measurements taken at various days of the menstrual cycle (from 1 to
34). Variables such as the day of the menstrual cycle (S), age group (Aj , binary, j = 1, 2, 3)
and parity status (B, binary) were considered for modelling the log-transformed pulsatility
index: E[log(Yi) | Ai, Bi, Si] = β0 + β1jBi + β2j(S/10) + β3j(S/10)

2 + β4(S/10)
3, for age

j [2]. For comparison, we propose the �t of a PLM of the form E[log(Yi) | Ai, Bi, Si] =
mAi,Bi(Si), where an interaction between variables A, B and the nonparametric curve
is considered. The estimation of the curves is done separately for a common bandwith,



78 Contributed Talks

determined by the maximum of the bandwidths obtained for each interaction condition
by leave-one-out cross-validation.

In Table 1, the results of 999 bootstrap iterations of di�erent tests are presented,
for each of the models: the usual GP based procedures are labelled by TE , considering a
Escanciano-type covariance kernel [3], and TD, for a distance covariance kernel [1]; test
statistics T⊥ represent the proposed Neyman-orthogonal version of the latter. Results
show that the novel orthogonal approach reduces time complexity in the PLM without
compromising the conclusion of the test. All tests fail to reject the hypothesized LM, thus
validating that the nonparametric e�ect of the day of the menstrual cycle o�ers a better
�t to understand the behavior of the uterine artery pulsatility index.

Table 2. p-values and execution times obtained for each of the tests, in each model.

LM PLM
Test statistic TD TE T⊥

D T⊥
E TD TE T⊥

D T⊥
E

p-value < 0.001 < 0.001 < 0.001 < 0.001 0.967 0.994 0.865 0.571
time (seconds) 34.7 969.0 51.9 971.1 270.0 510.9 133.7 395.0
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Achieving global targets for reducing malnutrition and anemia depends on ef-
fective dietary and health-system interventions[1, 2]. This study examines how
dietary diversity among children aged 6�23 months in�uences anemia outcomes
in South and Southeast Asia using Demographic and Health Survey data from
75,619 mother�child dyads. Logistic regression models were applied to assess the
relationship between minimum dietary diversity and childhood anemia while ac-
counting for child, maternal, and household characteristics. Children consuming
fewer than �ve of eight WHO-recommended food groups had signi�cantly higher
odds of anemia (OR: 1.12; 95% CI: 1.05�1.19) compared with those meeting min-
imum dietary diversity standards. Female children were slightly less likely to be
anemic, whereas children aged 12�23 months showed greater vulnerability than
those aged 6�11 months. Maternal anemia and undernutrition substantially in-
creased childhood anemia risk, while higher maternal education and improved
sanitation were associated with lower risk. The �ndings demonstrate that con-
strained diets and adverse social determinants continue to hinder equitable nu-
trition transitions in the region. The study emphasizes the need for spatially tar-
geted interventions that improve dietary diversity, maternal nutrition, education,
and sanitation to support more equitable child-health outcomes and sustainable
nutrition transitions [3].

Keywords and phrases: Dietary diversity, Anemia, Odds ratio, Logistic regression.
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Meshless Structural method
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We present a new very high-order compact method using a meshless discretization
named structural method. The concept lies in providing linear implicit relations
between the function and the derivatives of the approximation over stencils. After
a brief presentation of the technique, we present some recent numerical results
focusing on the order of convergence.

Keywords

Structural method, compact scheme, meshless.

The structural method has been recently introduced as a new way to provide very
high-order compact schemes [1, 2, 3, 4]. In the talk we present the extension for a general
2D cloud of points using the classical convection-di�usion-reaction equation as an example:

(1) κ∆ϕ(x) + u · ∇ϕ(x) + λϕ(x) = f(x),

(2) νDϕ(x) + νN∇ϕ(x) · n(x) = g(x),

over a domain Ω and corresponding boundary ∂Ω, respectively, where x = (x1, x2),
u = (u1, u2) and n = (n1, n2).

We denote by α = (α1, α2) the multi-index and, accordingly, xβ = xβ1
1 xβ2

2 and
ϕ(α)(x) = ∂αϕ(x). Furthermore, let xi = (xi,1, xi,2) be a set of points with I as the
nodes in Ω and B as the nodes on the boundary ∂Ω. We introduce the approximation
ϕα
i ≈ ϕ(α)(xi) and the physical equations read

PE1 κ(ϕ
(2,0)
i + ϕ

(0,2)
i ) + u1ϕ

(1,0)
i + u2ϕ

(0,1)
i + λϕ

(0,0)
i = f(xi), i ∈ I,

PE2 νDϕ
(0,0)
i + νN (n1ϕ

(1,0)
i + n2ϕ

(0,1)
i ) = g(xi), i ∈ B.

Each node i supports the unknowns ϕα
i with |α| ≤ 2 (i.e., up to the second order deriva-

tive).

The key idea is to build a set of linear equations, named the structural equations SEℓ,
independent of the underlying physics of the problem, of the form∑

j∈Vi

∑
|α|≤2

cα,ℓ
ij ϕα

j = 0, ℓ = 1, . . . , 5,

where Vi is a stencil centred on node i and cα,ℓ
ij are the coe�cients of the ℓ-th structural

equation.

We show the following properties:
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• The structural relations are exact for all polynomial functions of total degree up to d.
• The coe�cients are obtained from a basis of the null space of a local polynomial

consistency matrix, which are very easy to set up.
• We select 5 linearly independent relations such that the total number of equations

(Physical + Structural) is equal to the number of unknowns.

As a result, we obtain a sparse matrix of 6 × 6 blocks for which the solution provides a
very accurate approximation for both the solution and the derivatives.

We present the results of some numerical experiments to give evidence of the e�ciency
of the method as well as its ability to handle compact stencils while providing very accurate
solutions. Moreover, we are able to handle any type of boundary (non-polygonal boundary)
which gives a strong advantage with respect to the traditional mesh-based method that
requires a speci�c treatment of the boundary to preserve the accuracy.
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for projects IC&DT with the reference 2023.16854.ICDT. https://doi.org/10.54499/
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of Coimbra (CMUC) https://doi.org/10.54499/UID/00324/2025) under the Portuguese
Foundation for Science and Technology (FCT), Grants UID/00324/2025 and
UID/PRR/00324/2025.
The research of J. Figueiredo was �nancially supported by the Fundação para a Ciên-
cia e a Tecnologia (Portuguese Foundation for Science and Technology) under the scope
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We present a compact scheme whose core concept involves decomposing it into
two subsystems of equations. The Physical Equations utilise the function and
its K derivatives at a node by implementing physical relations. These equations
operate locally, with no exchange of information with other nodes,as the physics
involved are governed by local operators. The Structural Equations depend on
linear relationships between the function and its derivatives across a stencil of R
points, which we call a Rblock, establishing complete connections between a node
and its neighbours. These relationships are independent of the physics involved
since they are established regardless of the speci�c problem. In this presentation
we address in particular the accuracy and stability of these methods.

Keywords

high order numerical methods.



6 Application 83

Machine Learning Approaches for Benzene Price
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Benzene is a key petrochemical feedstock used in plastics, resins, and �bers. Its
price depends on oil, aromatics, and global shocks, yet dedicated studies are lim-
ited. This work addresses Benzene price forecasting through an integrated frame-
work combining statistical analysis and machine learning models. Weekly data
on oil, naphtha, and aromatics are used to capture temporal dependencies, in-
cluding lag e�ects. Results show strong autoregressive behaviour and con�rm the
predictive value of energy-related variables.

Keywords

Benzene price, Time Series Forecasting, Arti�cial Neural Networks, Random Forest

Benzene is one of the most important feedstocks in the petrochemical industry. It
serves as a base material for a wide range of downstream products such as plastics, resins
and synthetic �bers [3, 6]. Despite its industrial relevance, dedicated forecasting studies
focused speci�cally on benzene remain relatively underexplored when compared to other
petrochemical and energy commodities (such as crude oil or naphtha) [4, 5]. Since benzene
is mainly produced as a co-product of re�ning and cracking processes, its price is mainly
in�uenced by multiple interconnected factors, including crude oil dynamics, aromatics
markets, downstream derivatives and global economic disruptions [3, 2, 1].

This study focuses on benzene price forecasting through a data-driven framework
combining statistical analysis and machine learning models. Weekly historical data from
2019 to 2025, including crude oil, naphtha, styrene, aromatics markets and international
benzene prices, are used to capture temporal patterns and interdependencies.

Seasonality and external shocks, such as the COVID-19 pandemic and the Rus-
sia�Ukraine con�ict, are also incorporated.

To support forecasting, several exploratory techniques were applied, including corre-
lation analysis, Dynamic Time Warping (DTW), Cross-Correlation Functions (CCF), Au-
tocorrelation Functions (ACF) and Partial Autocorrelation Functions (PACF), enabling
the identi�cation of relevant predictors and lag structures.

Predictive models such as Random Forest and Arti�cial Neural Networks (ANN) were
implemented to model nonlinear relationships and temporal dependencies. Multiple ANN
architectures were tested to optimize predictive performance while avoiding over�tting.
Model evaluation was conducted using walk-forward validation, ensuring robust assess-
ment across di�erent time periods and market conditions.

The analysis highlights the strong autoregressive nature of benzene prices, as well as
the importance of energy-related and petrochemical variables in explaining market behav-
ior. Variables associated with crude oil, aromatics markets and downstream petrochemical
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products showed signi�cant in�uence on benzene price dynamics, particularly when com-
bined with appropriate temporal lag structures. The forecasting models also demonstrated
that incorporating historical price dependencies together with external market indicators
improves the ability to capture both short-term �uctuations and broader market trends
across di�erent market conditions.

The forecasting component is conceptually integrated with a procurement optimiza-
tion model designed to support purchasing and inventory-related decisions in a speci�c
industrial environment. The proposed optimization structure considers operational con-
straints such as storage capacity, shipment frequency, lead times and procurement costs,
enabling forecasted benzene prices to inform procurement planning.

Overall, this work contributes to the application of predictive and prescriptive ana-
lytics in petrochemical markets by proposing a structured framework tailored to benzene
price forecasting and procurement optimization.

Acknowledgements: This work was supported by national funds through FCT - Fun-
dação para a Ciência e Tecnologia through projects UIDB/04728/2025 and UIDP/04728/2025
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�lter

A. Catarina Ribeiro1,2 A. Manuela Gonçalves1,2, and Marco Costa3,4

1Department of Mathematics (DMAT), University of Minho, Portugal
2Centre of Mathematics (CMAT), University of Minho, Portugal

3 Águeda School of Technology and Management (ESTGA), University of Aveiro,
Portugal

4Centre for Research and Development in Mathematics and Applications (CIDMA),
University of Aveiro, Portugal

E-mail addresses: anaribeiro1421@outlook.pt; mneves@math.uminho.pt; marco@ua.pt

In time series, the presence of outliers is common, resulting from natural phe-
nomena or measurement errors. These observations compromise the e�ectiveness
of classical estimation methods, such as the Kalman �lter, reducing the accuracy
of estimates and the reliability of forecasts [1]. The main objective of this work is
to study and propose robust methodologies capable of adequately handling these
observations, both in the prediction of states and in the estimation of model pa-
rameters within dynamic time series modelling. To this end, robust versions of
the Kalman �lter are proposed based on loss functions, which adjust the weights
assigned to residuals, reducing the in�uence of these values [2], [3]. In parallel,
robust likelihood estimation is explored through three distinct approaches: one
based on the Huber function, a trimmed version of the classical likelihood that
ignores a fraction of the most extreme observations, and a version based on the
Cauchy loss function [4]. The performance of these approaches was evaluated
through simulation studies, considering di�erent combinations of parameters and
sample sizes. Finally, the methods will be applied to real water quality data in a
watershed, demonstrating their capabilities in real-world contexts [5].
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The growing complexity of urban mobility requires predictive models that balance
performance and interpretability for public transportation planning. This study
integrates SHapley Additive exPlanations (SHAP) into bus demand forecasting
models using a high-resolution operational database of the city of Zurich, revealing
the determinants of demand and exploring forecasting across planning-relevant
time horizons.
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The growing evolution and complexity of urban mobility require the use of predictive
models that balance performance and interpretability, thereby e�ectively and e�ciently
supporting public transportation planning [1]. This study proposes an extension of bus
demand analysis through the integration of Explainable Arti�cial Intelligence (XAI) tech-
niques [2], speci�cally SHapley Additive exPlanations (SHAP) [3], into forecasting models
based on a high-resolution operational database of the city of Zurich.

The SHAP framework [3] assigns each input feature an importance value for a given
prediction using a game-theoretic approach rooted in cooperative game theory. This method-
ology provides both local and global interpretability, making it particularly well-suited for
analysing complex spatiotemporal patterns in public transit demand [4].

The results reveal a strong dynamic component of demand, with high dependence on
past values. The supply variable is identi�ed as the main determinant, exhibiting a positive
and consistent e�ect. In contrast, spatial variables are less directly relevant, exhibit high
variability, and are not considered robust causal factors. These �ndings align with recent
literature on stop-level modelling frameworks that combine machine learning algorithms
with SHAP-based interpretability [4].

The introduction of an interaction term between a supply variable and dependence on
public transportation allowed us to capture the alignment of the service with the popu-
lation's needs, highlighting greater supply e�ectiveness in contexts of higher dependence.
The SHAP analysis helped distinguish between predictive relevance and causal evidence
[2], reinforcing the idea that demand is essentially determined by supply and its dynamics.
Finally, di�erent forecasting scenarios were explored across planning-relevant time hori-
zons, contributing to a more comprehensive understanding of bus demand behaviour in
urban settings.
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Territorial inequalities in cancer mortality demand models able to capture com-
plex determinants and residual spatial dependence. Focusing on lung and colon
cancer in mainland Portugal, this study compares classical spatial models with
hybrid spatial machine learning models, assessing their predictive ability, spatial
autocorrelation capture, and contribution to epidemiological interpretation.

Keywords

cancer mortality, spatial epidemiology, hybrid spatial machine learning, Portugal.

Understanding the geographical distribution of cancer and its determinants is essen-
tial to support e�ective public policies, reduce health inequalities, and improve preven-
tion. In Portugal, marked territorial di�erences persist, motivating the need for models
that capture both complex covariate e�ects and spatial dependence. Classical spatial sta-
tistical models account for spatial autocorrelation but often rely on restrictive paramet-
ric assumptions. In contrast, machine learning methods such as Random Forests �exibly
model nonlinear relationships, yet typically ignore spatial structure, leaving an important
methodological gap. MacBride, Davies and Lee (2025) introduced the Spatial Autoregres-
sive Random Forest (SPAR), which integrates Random Forests with a spatial autoregres-
sive component to capture residual spatial dependence [1]. More recently, Lee and Davies
(2026) proposed the Spatial Autoregressive Random Forest for Exposure-Response Func-
tions (SPAR-Forest-ERF), a Bayesian extension enabling probabilistic inference [2]. We
apply these methods to analyse lung and colon cancer mortality in mainland Portugal
at the municipal level, incorporating sociodemographic, socioeconomic, environmental,
general health, dietary propensity, anthropometric, and physical activity covariates. We
compare classical spatial models, SPAR, and SPAR-Forest-ERF in terms of predictive
performance, spatial autocorrelation capture, and interpretability. The results provide in-
sight into the value of hybrid spatial machine learning models for epidemiological data
and support the identi�cation of modi�able risk factors, with implications for targeted
prevention and resource allocation.
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The presence of data contamination can compromise the performance of machine
learning methods like Stochastic Gradient Boosting (SGB) in genomic predic-
tion. This work addresses response contamination and evaluates SGB robustness
via simulations on a synthetic animal breeding dataset. Our �ndings show that
contamination reduces accuracy and that weighting strategies provide a straigh-
forward way to improve SGB robustness, o�ering practical guidance for GP in
breeding studies with imperfect data.

Keywords
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Genomic prediction (GP) is an essential tool in plant and animal breeding, where
accurate estimates of genomic breeding values guide selection decisions. Because GP relies
on thousands of molecular markers, it requires computational methods capable of handling
high-dimensional data e�ectively. Machine learning (ML) methods have become increas-
ingly popular in this setting due to their �exibility and ability to capture complex patterns
in the data. However, many ML methods are sensitive to data contamination, even at
moderate levels. Contamination arising from measurement errors, unusual environmental
e�ects, or data recording issues, can distort prediction errors and a�ect the reliability of
genomic breeding values. This motivates the evaluation of ML methods robustness and
the development of strategies to improve their predictive performance.

In this study, we assess the predictive performance and robustness of the classical SGB
method, along with robust counterparts based on (i) response transformation using weights
derived from robust regression, (ii) observation weighting incorporated within the learning
algorithm, and (iii) the combination of these approaches with alternative loss functions
(default and L1). Our �ndings clarify how contamination a�ects SGB and identify which
adaptations most e�ectively improve robustness, providing practical guidance for genomic
prediction in breeding studies where imperfect data are unavoidable.
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Data contamination & Robust extensions of SGB
We consider a simulated animal dataset from the literature [1]. Data contamination is
introduced through Huber's contamination model (1 − ε)F + εG, where F ∼ N(µ, σ2)
represents the distribution of the animal data, with µ and σ2 estimated from the observed
data. The contaminant distribution G is generated from the following Normal distribu-
tions: N(µ+kσ, σ2) (shift contamination), N(µ, (sσ)2) (variance-inflated contamina-
tion), and N(µ, (σ/γ)2) (variance-deflated contamination). The contamination levels
considered are ε = 2%, 5%, 10%, with k = 5, 7, 9, s = 5, 7, and γ = 1000, 10000. Robust
extensions of SGB are based on: (i) response transformation using weights derived from a
robust regression �t, with y∗

i = wiyi [2]; (ii) weighted loss optimization within the SGB �t-
ting procedure, considering both the default and L1 loss functions; and (iii) combinations
of these two weighting strategies.

Performance assessment
The performance accuracy of SGB and its robust variants is evaluated using metrics

Predictive Accuracy (PA) = cor(y, ŷ), RMSPE =
√

1
n

∑
i(yi − ŷi)2, MAPE = 1

n

∑
i |yi − ŷi| .

Results
Preliminary results show that: (i) variance-de�ated contamination has limited impact on
SGB performance; (ii) SGB performance degrades more markedly under variance-in�ated
contamination, followed by shift contamination; and (iii) the considered adaptations tend
to improve performance relative to the classical SGB in the shift and variance-in�ated
scenarios, both in terms of predictive ability and prediction errors. These �ndings suggest
that incorporating robustness into the SGB framework can mitigate the adverse e�ects
of data contamination. In particular, approaches based on weighting and alternative loss
functions appear to o�er a promising and practically feasible direction for improving per-
formance in genomic prediction settings where imperfect data are unavoidable.
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We present a learning analytics framework that integrates frequent low-stakes
quiz data, item-level response patterns and longitudinal performance indicators to
support timely pedagogical intervention in higher-education Mathematics. Aggre-
gated indicators feed a teacher-facing decision dashboard, enabling early detection
of struggling students. A pilot study at ISCAL (2025/26) illustrates the method-
ology and discusses statistical and computational challenges of small-cohort edu-
cational data.
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The growing availability of digital teaching platforms in higher education has made it
feasible to collect �ne-grained data on student learning that, when processed with appro-
priate computational and statistical methods, can support timely pedagogical decisions
[1]. This work describes a learning analytics methodology designed to detect early signs
of di�culty in undergraduate Mathematics courses and to translate raw assessment data
into actionable indicators for teachers.

The methodological pipeline integrates three data sources collected throughout the
semester: (i) short end-of-class quizzes administered with high frequency, (ii) item-level
response data including time-on-task and error patterns, and (iii) longitudinal records
of formative and summative assessments. Quiz items are tagged by curricular topic and
cognitive demand, allowing the construction of multidimensional performance pro�les at
student, class and topic levels. Aggregated indicators � including topic-speci�c success
rates, response-time distributions, intra-student variability and class-level dispersion mea-
sures � are computed and visualised in a teacher-facing decision dashboard. The dashboard
is designed to surface deviations from expected trajectories early enough to enable tar-
geted intervention, in line with the principles of formative assessment [3] and e�ective
feedback [4].

A pilot study is being conducted in the second semester of 2025/26 at ISCAL with
undergraduate students enrolled in a Mathematics course. Data are collected through the
Mlearnix digital platform, which serves as the technical infrastructure for item delivery,
response capture and indicator computation. Statistical analyses planned for the pilot
include exploratory description of quiz-level distributions, clustering of student response
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pro�les and assessment of the predictive value of early-semester indicators for end-of-
semester outcomes, following established educational data mining practice [2]. The contri-
bution is twofold: a reproducible analytical pipeline transforming heterogeneous classroom
data into pedagogically meaningful indicators, and a critical discussion of the statistical
and computational challenges of working with small, sparse and longitudinal educational
datasets typical of single-course studies.

Acknowledgements: The author thanks ISCAL � Instituto Politécnico de Lisboa for
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Balanced nested designs often require a very high number of observations and
concentrate degrees of freedom at the last stage. To overcome these limitations,
we consider stair nesting as an advantageous unbalanced alternative, o�ering sub-
stantial economy in the number of observations (which becomes the sum of the
numbers of levels of the factors) and ensuring orthogonality. Building on the alge-
braic structure of stair nesting, we discuss how to estimate and test the variance
components for the successive factors under the assumption of normality.

Keywords
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The simplicity of administration and statistical analysis of balanced nesting is a key
factor underlying its popularity in hierarchical experimental settings, across various �elds
where nested designs are widely used. Nevertheless, traditional balanced nested designs
often require a very high number of observations and lead to a concentration of degrees
of freedom at the last stage, which can reduce e�ciency and increase experimental costs.
In response to these limitations, we consider stair nesting as an advantageous alternative
to balanced nesting, o�ering substantial savings in the number of observations � which
becomes the sum of the numbers of levels of the successive factors � while ensuring or-
thogonality [1]. Stair nesting is based on an unbalanced allocation of observations across
nested factors, however, in contrast to other unbalanced approaches, such as the staggered
nested design [2], stair nested designs preserve orthogonality. Building on the algebraic
structure of stair nesting, we discuss the straightforward estimation of the variance compo-
nents associated with the nested factors (see, e.g., [3]). Assuming normality, we construct
F-tests for the hypothesis of nullity of these variance components (see, e.g., [4]). To illus-
trate and validate the e�ciency of stair nesting in achieving reliable estimates with fewer
observations, we present a simulation study comparing it with the usual balanced nesting.
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Extreme events often cluster over time, impacting risk evaluation. In Extreme
Value Theory, the extremal index measures this clustering, but selecting the
threshold, k, for the upper order statistics to consider in the estimation remains a
challenge. We propose an automatic, adaptative computational procedure using
the Generalized Jackknife to reduce the estimator bias. Simulations show high
performance, and its practical use is proven through Tejo River (Portugal) dis-
charge data (1974�2022), o�ering a robust tool for �ood risk assessment.
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Extreme value parameter estimation faces inherent data scarcity, requiring robust
semiparametric techniques to evaluate tail properties. When dealing with stationary se-
quences, serial dependence often causes extreme observations to appear in clusters rather
than in isolation. In Extreme Value Theory (EVT), this temporal clustering is formalized
and measured by the extremal index (EI), denoted by θ ∈ (0, 1], where smaller values
indicate a higher degree of clustering.

Under weak dependence conditions�such as Leadbetter's D(un) condition�the max-
ima of stationary sequences converge to the same extreme value distribution types as
independent data, though dependence indicated by the parameter θ afect the limiting
parameters. A classic method to estimate the EI is the upcrossing estimator, de�ned by:

Θ̂UC(un) =

∑n−1
i=1 I(Xi ≤ un < Xi+1)∑n

i=1 I(Xi > un)
(3)

Using a deterministic threshold u = Xn−k:n, Θ̂UC(un) can be written as

Θ̂UC(k) =
1

k

n−1∑
i=1

I(Xi ≤ Xn−k:n < Xi+1).

However, the bias expansion of this estimator shows a direct dependence on the threshold
parameter k, posing a practical challenge for optimal selection.

To mitigate this systematic bias, a second-order Generalized Jackknife estimator
Θ̂GJ(δ) is employed, [1]. By linear combination of the upcrossing estimator evaluations at
three �exible levels (k, [δk]+1, and [δ2k]+1), governed by a tuning parameter 0 < δ < 1,
the two leading bias terms are asymptotically eliminated:

Θ̂GJ(δ) =
(δ2 + 1)Θ̂UC([δk] + 1)− δ(Θ̂UC([δ2k] + 1) + Θ̂UC(k))

(1− δ)2
(4)
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We implement a computational stability-oriented heuristic algorithm to jointly cali-
brate the tuning parameter δ and the threshold level k, adapting principles from heuristic
algorithms widely compared in threshold estimation literature, [2, 4]. The procedure sys-
tematically evaluates a grid of δ values, rounds the respective estimates, and identi�es
the longest run of consecutive equal values to de�ne a region of maximal stability. The
optimal parameters (δ and k) are adaptively chosen based on these maximum run lengths,
removing subjective guesswork, [3].

The practical utility of this methodology is demonstrated through the analysis of a
real-world hydrological dataset consisting of daily mean river discharge recorded at the
Tejo River (Portugal) from 1974 to 2022 (n = 576 monthly maxima observations). The
stability-based algorithm automatically selected δ = 0.06 and an optimal threshold of
k = 516, yielding a highly stable extremal index estimate of θ̂GJ(δ) = 0.514. This under-
scores the methodology's capacity to deliver reproducible and reliable risk assessments for
environmental hazards and �ood mitigation planning.
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In this study, we compare the predictive performance of mixed-e�ects models
and machine learning methods through simulations conducted under linear and
nonlinear scenarios across di�erent prediction horizons. The results indicate that
correctly speci�ed mixed-e�ects models, as well as those subject to minor misspec-
i�cation, remain competitive across prediction horizons. However, models that fail
to account for nonlinear temporal structures show a loss of predictive accuracy
when compared with longitudinal random forests, which provide �exible nonlinear
modelling without requiring explicit model speci�cation.

Keywords
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forests, Simulation study.

The analysis of longitudinal data is central to a wide range of �elds, as it enables the
modelling and prediction of both subject-speci�c and population-level trajectories while
accounting for temporal dependence. In precision medicine, longitudinal modelling sup-
ports clinical decision-making tasks such as early diagnosis, risk prediction, individualised
treatment strategies and prognosis estimation [1].
Generalised linear mixed models (GLMMs) [2] are widely used in longitudinal data analysis
because they provide an interpretable parametric framework that separates population-
level e�ects from subject-speci�c variability through random e�ects. When the mean struc-
ture is correctly speci�ed, or only mildly misspeci�ed, GLMMs can achieve competitive
predictive performance. However, owing to their assumed functional form, their perfor-
mance may deteriorate when the true trajectories involve nonlinear temporal patterns [3].
In contrast, machine learning methods o�er a non-parametric, data-driven alternative
that can �exibly learn nonlinearities and interactions without requiring explicit functional
speci�cation. In longitudinal settings, random-forest-based approaches include (S)MERF,
(S)MERT, REEMtree and REEMforest [4].
The main objective of this study is to compare predictive performance within a simulation
framework based on a known data-generating process. We simulate longitudinal trajec-
tories for 100 individuals observed over 50 time points under both linear and nonlinear
scenarios. The proportion of observed history used for training is varied in order to assess
its impact on predictive accuracy. Model performance is evaluated using the root mean
squared error (RMSE), allowing comparison between correctly speci�ed and misspeci�ed
mixed-e�ects models and longitudinal random forests, with the true data-generating model
serving as a benchmark. Figure 1 illustrates the evolution of RMSE over time for models
trained with 10% of the available history.
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Fig. 1. RMSE evolution over horizons (10% observed history).

The results indicate that correctly speci�ed and mildly misspeci�ed mixed-e�ects
models remain competitive across prediction horizons. By contrast, models that fail to
capture the true temporal structure exhibit reduced long-term predictive performance
when compared with longitudinal random forests.
Acknowledgements: This work was funded by Fundação para a Ciência e a Tecnologia
(FCT) under the doctoral scholarship project UI/BD/154394/2023.
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Syphilis remains a major public health concern, with increasing incidence reported
worldwide. In longitudinal screening programs, the exact time of infection is often
unknown, resulting in interval-censored data. This study aimed to characterize a
Portuguese cohort enrolled in a community-based syphilis screening program and
identify factors associated with time to �rst reactive syphilis test.
Data were obtained from an observational longitudinal cohort of Men who have
sex with Men (MSM) followed through periodic visits including rapid syphilis
testing and structured questionnaires. Sociodemographic, behavioral, and clinical
variables were analyzed, including age, education level, condom use, occasional
sexual partners, substance use, knowledge of post-exposure prophylaxis (PEP),
and country of birth. Time to infection was analyzed using survival methods
adapted to interval-censored data, including nonparametric estimators, paramet-
ric accelerated failure time (AFT) models, and semiparametric proportional haz-
ards models.
The cohort included more than 10,000 observations, with most participants being
young adults. Participants reporting occasional sexual partners showed earlier oc-
currence of reactive syphilis tests, while higher educational level and knowledge of
PEP were associated with longer time to infection. Individuals born in Brazil also
presented higher risk of earlier infection. Machine learning methods for interval-
censored data, including random survival forests, identi�ed prevention knowledge,
education, and sexual behavior as important predictors of risk pro�les.
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Topological Data Analysis is applied to weekly e-commerce product data through
uniform and non-uniform delay embeddings. These representations generate point
clouds in Euclidean space, from which Vietoris-Rips �ltrations are constructed and
persistent homology is computed. The results show that the induced topology is
strongly representation-sensitive and that persistent homology summaries reveal
structural heterogeneity beyond standard descriptive statistics.
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Topological Data Analysis is applied to a weekly e-commerce product panel through a
representation-based pipeline built on delay embeddings and persistent homology [2, 3, 4].
This study aims to examine how alternative temporal embeddings of weekly product tra-
jectories induce di�erent geometric and topological structures, and whether these struc-
tures reveal heterogeneity not fully captured by standard descriptive statistics. For each
product p and week t, a �ve-dimensional state vector

Xp(t) =
(
xviews
p (t), xbags

p (t), xorders
p (t), xgtv

p (t), xstock
p (t)

)
∈ R5

is constructed using product views
(
xviews
p (t)

)
, add-to-bag activity

(
xbags
p (t)

)
, sessions

leading to orders
(
xorders
p (t)

)
, gross transaction value

(
xgtv
p (t)

)
, and stock availability(

xstock
p (t)

)
.

Two temporal embeddings are then de�ned, following the representation logic of delay-
coordinate methods. The �rst is a uniform embedding

Φ(U)
p (r) =

(
Xp(τp,r), Xp(τp,r−1), Xp(τp,r−2), Xp(τp,r−3)

)
∈ R20,

based on the current observed week and the previous three observed states. The second
is a non-uniform embedding Φ

(NU)
p (r) ∈ R30 using the delays {1, 2, 4, 13, 26} in order to

retain both short-range and longer-range temporal structure. In each case, the embedded
observations form a point cloud P ⊂ Rd, with d = 20 or d = 30. Using the Euclidean
metric, Vietoris-Rips complexes

V Rε(P) = {σ ⊆ P : ∥x− y∥2 ≤ ε for all x, y ∈ σ}

are constructed across scales ε ≥ 0, yielding a �ltration from which persistent homology
is computed [2, 3].
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The analysis focuses on one-dimensional homology, using persistence diagrams to sum-
marise the birth and death scales of H1 features. These diagrams are summarised through
the cardinality of H1 persistence pairs, maximum persistence, mean persistence, persis-
tence landscapes, silhouettes, and persistence images [1]. The results show that the in-
duced topology is strongly representation-sensitive: the non-uniform embedding generates
a broader distance structure and stronger H1 summaries than the uniform embedding,
indicating a richer multiscale organisation of weekly product behaviour. At the category
level, category-speci�c persistence summaries produce di�erent rankings across embed-
dings, showing that the topological structure is both heterogeneous and representation-
dependent. This study therefore demonstrates that persistent homology provides a mathe-
matically coherent exploratory framework for analysing structural heterogeneity in weekly
e-commerce data.
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Manual programming for Human-Robot Collaboration (HRC) is time-consuming,
and while Learning from Demonstration (LfD) o�ers a solution, it requires high-
quality data. This study evaluates shape-based and feature-based outlier detection
to clean kinematic trajectories. Results demonstrate that shape-based methods
(DTW) are essential, successfully capturing spatial micro-hesitations that statis-
tical summaries completely miss, ensuring high-�delity data for LfD.
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The success of Learning from Demonstration (LfD) in Human-Robot Collaboration
(HRC) relies heavily on the quality of the training data [1]. Filtering out irregular human
kinematics during preprocessing is a fundamental step to ensure robust robotic behaviour.
Given the prohibitive cost and subjectivity of manually annotating video footage to �nd
subtle kinematic errors, unsupervised anomaly detection has emerged as the most viable
solution to establish baselines of normal execution [2].

In time-series anomaly detection, the literature contrasts two primary representa-
tion paradigms. The feature-based approach reduces high-dimensional trajectories into
compact statistical descriptors to avoid the �curse of dimensionality" [4]. Conversely, the
shape-based approach utilizes non-linear alignment methods like Dynamic Time Warping
(DTW) to evaluate the elastic temporal morphology of the movement [3].

Despite extensive theoretical work on algorithms like LOF and DBSCAN, a signi�cant
gap remains in understanding how the choice of representation a�ects the detection of sub-
tle spatial deviations in raw 3D kinematic trajectories. Accordingly, this study presents a
comparative analysis of unsupervised anomaly detection models applied to raw 3D spatial
coordinates from a simulated pick-and-place task, aiming to determine which paradigm
is truly capable of capturing human spatial micro-hesitations and thereby ensuring the
high-�delity data required for LfD applications.

Motion data was collected from 19 participants performing a simulated window-
assembly task using Xsens sensors (reconstructing the 3D spatial wrist coordinates:X,Y, Z).
The movements were segmented into �Pick", �Move", and �Place" movements, in a total of
380, 380 and 95 respectively. To detect anomalies, we compared two data representation
paradigms: a shape-based approach computing a pairwise Dynamic Time Warping (DTW)
distance matrix, and a feature-based approach extracting statistical summaries (e.g., du-
ration, spatial range). Unsupervised algorithms (LOF, DBSCAN, Isolation Forest, and
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One-Class SVM) were applied to both representations. Performance was evaluated using
the F2-Score against a visual ground truth, prioritizing the retrieval of known execution
errors.

The evaluation revealed a clear distinction in the type of anomalies captured by each
representation paradigm. The shape-based approach demonstrated superior sensitivity to
trajectory morphology, with the DTW-LOF combination achieving the highest perfor-
mance (77.46% F2-Score) during �Pick" movements. Qualitative visual inspection showed
that DTW successfully �agged spatial micro-hesitations and subtle trajectory tremors that
were completely missed by both human annotators and feature-based algorithms. By re-
ducing kinematic curves to static global summaries, feature-based models (like DBSCAN)
only reacted to extreme spatial deviations, ignoring internal procedural nuances.

Statistical feature extraction methods systematically miss critical spatial micro-hesitations
in kinematic trajectories. This study therefore demonstrates that shape-based anomaly de-
tection, speci�cally utilizing DTW, is highly recommended for ensuring high-�delity data
in LfD systems.

Acknowledgements: H. Guimarães and E. Costa e Silva were supported by national
funds through FCT - Fundação para a Ciência e Tecnologia through projects UIDB/04728/2025
and UIDP/04728/2025 (https://doi.org/10.54499/UID/04728/2025). This work has been
supported by Intelligent Robotic Coworker Assistant for Industrial Tasks with an Er-
gonomics Rationale (ref. PTDC/EEI-ROB/3488/2021).
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Functional data may contain point-wise anomalies, missing observations and out-
lying trajectories. We propose a fully nonparametric homogenization procedure
that estimates trend, variance and dependence, winsorizes anomalous observations
by leave-one-out kriging, reconstructs incomplete curves and detects functional
outliers. The method is implemented in the R package npfda and illustrated with
ozone data.
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Functional observations from environmental monitoring are rarely clean. We consider
the heteroscedastic functional model Y (t) = µ(t)+σ(t)ε(t), observed on a �nite grid with
possible missing values. Here µ(t) is the trend, σ2(t) is the conditional variance and the
standardized error process has correlogram ρ(|t− t′|). The aim is to obtain a homogenized
sample before applying FDA methods.

The procedure is illustrated with ground-level ozone data from the Yarner Wood
monitoring site in the United Kingdom, recorded from 1988 to 2024. The annual curves
display seasonal structure, changing variability and abnormal patterns; missingness is
irregular, with some curves containing more than 50 unobserved daily values (Figure 2).
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Figure 2. Ozone dataset from 1988 to 2024.

The proposed work�ow has four stages. First, µ(t), σ2(t) and the semivariogram
γε(u) = 1 − ρ(u) are estimated nonparametrically, following [2], and combined into a
covariance model for residual kriging. Second, leave-one-out kriging intervals are com-
puted at the observed grid points and observations outside their interval are winsorized
to the nearest bound (Figure 3(a)). Third, missing positions are reconstructed by kriging
from the corrected observations (Figure 3(b)).
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(b) Kriging reconstruction, 1993.

Figure 3. Homogenization examples.

Finally, completed curves are ranked by functional depth. The deepest (1 − α) fraction
de�nes the reference set, from which heteroscedastic bootstrap samples [2] provide lower
depth quantiles. Their bootstrap median is used as cuto�, following the depth-based trim-
ming idea of [1]. Curves below this cuto� are �agged as functional outliers (Figure 4).
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Figure 4. Detected functional outliers after correction and reconstruction.

The computational implementation can reuse precomputed pairwise distances in the
bootstrap depth step, whenever resampling does not alter the curves, and can parallelize
bootstrap replicates. This reduces the cost of the �nal outlier detection stage. The proce-
dure jointly addresses point-wise contamination, incomplete curves and functional outliers,
and is implemented in npfda [3].
Acknowledgements: This work has been supported by MCIN/AEI grant PID2020-
113578RB-I00.
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The least-squares quadratic �ltering problem is studied for multi-rate systems
with missing measurements. Additionally, random packet dropouts in transmis-
sion are considered and a hold-input compensation strategy is introduced. The
proposed �lter uses an augmented model with second-order Kronecker products
and a covariance-based framework, without requiring the explicit identi�cation of
the signal evolution model. The �lter performance is validated via a numerical
simulation example.
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pensation strategy, quadratic �ltering.

Multi-rate systems play a crucial role in modern engineering, where di�erent sam-
pling rates are employed to accommodate the distinct physical characteristics of system
components, thereby enhancing both performance and resource utilization. Since estima-
tion methods developed for single-rate systems cannot be directly applied, traditional
approaches typically rely on transformation techniques, such as lifting or iterating the
state equation, to unify sampling rates [1]. These methods require accurate knowledge of
the state-space model, which may not always be available in practice. This limitation has
motivated the development of covariance-based approaches that enable signal estimation
without requiring explicit identi�cation of the signal evolution equation [2].

Furthermore, when these multi-rate systems operate over networks, additional uncer-
tainties arise. In particular, observation reliability is commonly degraded by missing mea-
surements, often caused by imperfect measurement devices, sensor saturation or limited
sensing capability. This phenomenon is typically modeled using Bernoulli-distributed ran-
dom variables, which distinguish successful acquisitions from only-noise observations [3].
More general formulations based on random parameter matrices have also been proposed,
providing a �exible framework to accommodate di�erent random phenomena, including
missing measurements [2, 4].

Additionally, information transmission is usually a�ected by packet dropouts, which
reduce the availability of real-time data and may degrade estimation accuracy. Di�erent
compensation strategies, including hold-input mechanisms that replace lost packets with
the most recently received data, have been proposed in the literature to mitigate these
e�ects [2].

In this context, the presence of heterogeneous uncertainties signi�cantly degrade the
performance of conventional least-squares linear estimators, whose accuracy deteriorates
in the presence of network-induced random phenomena, such as missing measurements
or packet dropouts. To overcome these limitations, quadratic estimation has emerged as
a robust alternative with moderate computational complexity, especially e�ective when
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dealing with non-Gaussian uncertainties. In particular, the approach in [4] exploits second-
order Kronecker powers of the observations to capture higher-order statistical information
without requiring a full state-space model. This yields a recursive quadratic �lter that
outperforms conventional linear �lters by better exploiting the data structure in scenarios
involving random parameter matrices and deception attacks.

The current work addresses the recursive least-squares quadratic �ltering problem for
discrete-time stochastic multi-rate systems. The research speci�cally accounts for miss-
ing measurements, characterized by random parameter matrices de�ned as the product
of a Bernoulli-distributed random sequence and a deterministic matrix. Furthermore, the
system is subject to random packet dropouts during data transmission. To mitigate the im-
pact of these losses, a hold-input compensation strategy is adopted. The proposed method
is based on an augmented observation model using second-order Kronecker products, en-
abling covariance-based estimation without explicit signal evolution modeling. Finally, the
e�ectiveness of the proposed �lter is validated through numerical simulations.
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References

[1] Y. Shen, Z. Wang, H. Dong, and H. Liu. Multi-sensor multi-rate fusion estimation for
networked systems: Advances and perspectives. Inf. Fusion 82, 19-27, 2022.

[2] R. Caballero-Águila, M. P. Frías, and A. Oya-Lechuga. Least-squares linear estimation
for multirate uncertain systems subject to DoS attacks. Int. J. Netw. Dyn. Intell.
4(2), 100014, 2025.

[3] Z. Yang, X. Zhang, W. Xiang, and X. Lin. A Novel Particle Filter Based on One-
Step Smoothing for Nonlinear Systems with Random One-Step Delay and Missing
Measurements. Sensors 25(2), 318, 2025.

[4] R. Caballero-Águila, and J. Linares-Pérez. Quadratic estimation for stochastic sys-
tems in the presence of random parameter matrices, time-correlated additive noise
and deception attacks. J. Frankl. Inst. 360(15), 11141-11164, 2023.



Posters 111

Evaluation of Estimation Methods for the Residual
Tail Dependence Parameter

Marta Ferreira1,2

1Centro de Matemática, Universidade do Minho
2Departamento de Matemática, Universidade do Minho

E-mail addresses: msferreira@math.uminho.pt

This study addresses the critical issue of threshold selection in the Peaks-Over-
Threshold (POT) framework for estimating the residual tail dependence coe�-
cient η, as introduced by Ledford and Tawn. Five automated threshold selection
methods are explored and compared through a Monte Carlo simulation study.
The methods are evaluated across several copula-based dependence models to as-
sess their accuracy and robustness in estimating η. Finally, the approaches are
applied to real environmental data involving atmospheric pollutant concentra-
tions (PM2.5, PM10, and NO2) from Lisbon, as well as NO2 measurements from
selected European capital pairs. The �ndings contribute to improving inference in
multivariate extreme value analysis, particularly in the context of risk assessment.

Keywords

extreme value theory, coe�cient of Ledford and Tawn, POT approach, threshold selection,
risk assessment.

In multivariate extreme value analysis, it is essential to study the dependence structure
between variables in their joint tails. Standard measures of dependence, such as correla-
tion, may fail to capture extremal behavior. In particular, pairs of variables may exhibit
asymptotic independence � that is, the probability of simultaneous extremes decays faster
than the marginal probabilities � even though there is still a signi�cant chance of large
joint values.

To model such cases, Ledford and Tawn [2] introduced the residual tail dependence
coe�cient η ∈ (0, 1], which quanti�es the degree of dependence in the joint tail of a
bivariate distribution.

Asymptotic independence has important applications in environmental and climate
risk assessment (e.g., joint modeling of extreme rainfall, temperature, and �ood drivers),
�nancial risk management and systemic contagion analysis (where asset returns may be
asymptotically independent yet exhibit substantial co-movement during crises), infrastruc-
ture reliability and engineering (simultaneous component failures), and more broadly in
data science tasks involving rare-event classi�cation and anomaly detection in multivari-
ate settings. See, e.g., Beirlant et al. [1], Wadsworth and Tawn [4], Legrand et al. [3], and
references therein.

Estimation of η typically requires a transformation of the marginal distributions to a
common scale. This is necessary to ensure that the dependence structure in the joint tails
is appropriately captured, independent of the marginal behavior. A common approach
consists of transforming the marginal distributions to unit Fréchet or standard Pareto
form, so that η corresponds to the tail index of the minimum of the standardized variables.

As in the univariate setting, the estimation of η depends crucially on the choice of a
high threshold. In this work, we apply four threshold selection methods to the estimation
of η, comparing their performance and robustness in this speci�c context.



112 Posters

We also investigate residual tail dependence in an air-pollution setting where com-
pound extremes are of direct practical interest.
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The tail dependence coe�cient (TDC) introduced in Sibuya [1] and later for-
malized in Joe [2] is a key measure for quantifying extremal dependence between
random variables. Unlike linear correlation, TDC captures the probability of joint
extreme events and is therefore particularly relevant in risk management and �-
nancial stability analysis (Embrechts et al. [4]). Its theoretical foundation lies
in Extreme Value Theory (EVT), which provides the asymptotic framework for
modeling tail behavior and joint exceedances.
This study focuses on a simulation analysis of a heuristic method proposed by
Danielsson et al. [3], commonly referred to as the �eye-ball" method, for detecting
a stability region in the trajectory plot of successive TDC estimates. The proce-
dure aims to identify an appropriate threshold by inspecting where the estimates
stabilize, thus addressing the classical bias-variance trade-o� inherent in tail es-
timation. Choosing too low a threshold induces bias, while too high a threshold
increases variance due to limited extreme observations.
The performance of the heuristic approach is assessed through Monte Carlo sim-
ulations, evaluating its ability to balance bias and variance in �nite samples. The
methodology is then applied to �nancial data to analyze extremal dependence
among equities of major European banks. Both upper-tail dependence (large joint
gains) and lower-tail dependence (large joint losses) are examined, providing in-
sights into asymmetries in extreme co-movements and implications for systemic
risk.
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This study investigated the therapeutic potential of a treadmill-based physical
exercise protocol initiated following cuprizone-induced demyelination in mice.
Cuprizone-fed C57BL/6J mice underwent forced exercise encompassing behavioural
assessments and hippocampal electrophysiological recordings. Statistical results
demonstrated that physical exercise enhanced long-term recognition memory and
synaptic resilience under long-term potentiation saturation, with e�ects on synap-
tic plasticity most evident under repeated induction, in the cuprizone model.
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Multiple Sclerosis (MS) is a chronic in�ammatory demyelinating disorder of the cen-
tral nervous system in which limited remyelination impairs functional recovery, resulting
in substantial neurological disability [1, 2, 3, 4], a�ecting ∼3.000.000 individuals worldwide
[5]. Physical exercise (PE) has been proposed as a non-pharmacological intervention ca-
pable of modulating neuroprotective mechanisms and neuroin�ammatory responses [6, 7];
however, its e�ects during active demyelination remain incompletely understood [6, 8].
This study employed a Cuprizone (CPZ)-induced demyelination model to investigate
whether a treadmill-based PE protocol, initiated after the onset of demyelination, exerts a
therapeutic e�ect on motor performance, anxiety-like behaviour, cognition, and hippocam-
pal synaptic plasticity. The experimental paradigm, comprising four experimental groups
(CTRL, PE, CPZ, CPZ&PE), facilitated the identi�cation of either one independente
variable (Group, with four categories, n = 5) or two independent variables (Treatment
and Model, with two categories each, n = 10), while considering a signi�cance level of
5%. Additionally, appropriate metrics were quanti�ed for subsequent analysis as depen-
dent variables: exploratory locomotor activity, anxiety-like behaviour, short-term spatial
memory, long-term recognition memory, motor coordination and balance, hippocampal
synaptic plasticity. Standard Analyses of Variance (ANOVA) tested main e�ects and in-
teractions, with e�ect sizes reported as η2. Post hoc pairwise comparisons were conducted
via uncorrected Fisher's LSD, given the exploratory nature of the study and the small sam-
ple size (n ≤ 5), with parametric signi�cant results validated through non-parametric 95%
bootstrap con�dence intervals (percentile method; 5000 subsamples). Paired and unpaired
(non)parametric t-tests were applied to within-subject and independent-sample compar-
isons, respectively. PE signi�cantly reduced exploratory locomotor activity, likely re�ecting
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post-exercise relaxation rather than motor de�cit, while simultaneously enhancing long-
term recognition memory. The CPZ&PE exhibited superior motor coordination relative to
PE, possibly re�ecting conditioned anxiety induced by aversive treadmill-associated stim-
uli. No group di�erences emerged after a single long-term potentiation induction, whereas
signi�cant di�erences arose under synaptic saturation, suggesting PE-enhanced synaptic
resilience. The results support that PE modulates synaptic plasticity and long-term recog-
nition memory in the CPZ model, with e�ects most evident under repeated induction and
saturation.
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Harvesting �sheries requires balancing economic incentives with ecological sus-
tainability. We model the harvesting decision as a real option under uncertainty,
leading to a stochastic control problem governed by a Hamilton�Jacobi�Bellman
equation. Numerical solutions are used to analyse optimal harvesting policies and
to illustrate the role of managerial �exibility in sustainable resource exploitation
and economic e�ciency.
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Harvesting natural resources such as �sheries involves balancing economic incentives
with ecological sustainability. We formulate the harvesting decision as a real option un-
der uncertainty, leading to a stochastic control problem governed by a Hamilton�Jacobi�
Bellman equation. Following recent numerical approaches, we analyse optimal harvesting
policies and illustrate how managerial �exibility contributes to sustainable resource ex-
ploitation and economic e�ciency.

Harvesting natural resources, particularly �sheries, has played a central role in sup-
porting human society, both as a source of food and economic activity. Decisions related to
harvesting are in�uenced not only by biological and environmental conditions but also by
economic incentives. Understanding how to manage these resources sustainably is essential
for balancing short-term gains with long-term viability.

Despite its importance, the �shing industry faces signi�cant challenges. When �shing
e�orts exceed ecological limits, �sh stocks can collapse due to direct human impact. In
contexts where access to �shing grounds is open or poorly regulated, excessive e�ort may
be exerted simultaneously by many agents, placing unsustainable pressure on the resource.

To better manage this uncertainty and the irreversibility of investment, the decision
to harvest can be framed as a real option (see [1]). This approach treats the opportunity
to �sh as a right rather than an obligation, allowing �shermen to delay harvesting until
conditions become favourable.

We formulate the optimal harvesting policy as a stochastic control problem, leading
to a Hamilton�Jacobi�Bellman (HJB) partial di�erential equation (PDE), as in [3, 4, 2].
Following [5], we solve the HJB equation numerically, allowing us to simulate and analyse
optimal policies under various scenarios. The results contribute to a better understand-
ing of sustainable exploitation and highlight the economic value of �exibility in �sheries
management.
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118 Posters

References

[1] A. Murillas and J. M. Chamorro. Valuation and management of �shing resources
under price uncertainty. Environmental & Resource Economics 33(1), 39�71, 2006.

[2] N. M. Brites and C. A. Braumann. Fisheries management in random environments:
comparison of harvesting policies for the logistic model. Fisheries Research 195, 238�
246, 2017.

[3] N. M. Brites. Stochastic Di�erential Equation Harvesting Models: Sustainable Policies
and Pro�t Optimization. PhD Thesis, Universidade de Évora, Portugal, 2017.

[4] M. Reis, N. M. Brites, C. Santos, and C. Dias. Comparison of optimal harvesting
policies with general logistic growth and a general harvesting function. Mathematical
Methods in the Applied Sciences 47(10), 8076�8088, 2024.

[5] M. Reis and N. M. Brites. Stochastic di�erential equations harvesting optimization
with stochastic prices: formulation and numerical solution. Results in Applied Math-
ematics 25, Article 100533, 2025. https://doi.org/10.1016/j.rinam.2024.100533



Posters 119

A Spectral Approach to Structured Designs

Cristina Dias1,3, Carla Santos2,3 and Nuno M. Brites4

1 Polytechnic Institute of Portalegre,Portalegre,Portugal
2 Polytechnic Institute of Beja, Beja, Portugal

3 NOVAMath � Center for Mathematics and Applications, SST, NOVA University of
Lisbon, Caparica, Portugal

4 ISEG Research, ISEG Lisbon School of Economics & Management, Universidade de
Lisboa, Lisbon, Portugal

E-mail addresses: cpsd@ipportalegre.pt; carla.santos@ipbeja.pt; nbrites@iseg.ulisboa.pt

We present a general formulation for information condensation in symmetric ma-
trices whose spectral structure is governed by a dominant eigenvalue, allowing the
structure to be reduced to its principal vector, to simplify analysis while retaining
essential information. This applies to singular matrices as well as to structured
families of matrices arising from the treatment structure of a base design with
�xed e�ects. We focus on the action of base design factors on the structure vec-
tors associated with the matrices. This framework provides a basis for further
developments.
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The analysis of complex data structures often relies on the ability to extract essen-
tial patterns from high-dimensional matrices. Spectral decomposition provides a powerful
tool for this purpose, particularly when a signi�cant portion of the matrix information is
concentrated in its primary components [1]. In this work we present a general formulation
for information condensation in symmetric matrices whose spectral structure is governed
by a dominant eigenvalue. This approach generalizes previous frameworks where families
of matrices were mapped to the treatments of a base design, allowing for a systematic
study of factor actions on structure vectors [2]. The proposed methodology applies to sin-
gular matrices as well as to structured families arising from the treatment structure of a
base design with �xed e�ects. Particular attention is given to the action of the factors of
the base design on the structure vectors associated with these matrices. This inferential
structure, based on spectral decomposition, has proven robust even in the presence of in-
complete datasets and missing observations [3]. When the leading eigenvalue is dominant,
the representation of the matrix structure can be reduced to its principal structure vector,
thereby simplifying the analysis while retaining the essential information encoded in the
matrix. This framework provides a versatile basis for broad applications (see, e.g.[4]), and
for further developments in spectral methods for structured designs, �xed-e�ect models,
and matrix-based data representations.
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We are aiming to a bottom-up, dynamical and information-theoretic framework
that treats absence as an organising constraint with measurable signatures in time
series, network structure and sequence distributions. At the immune level, we are
moving beyond qualitative notions of �tolerance� towards a speci�ed transient
system in which activator and repressor �elds interact across spatial di�usion
scales and delays. This framework is intended to support a rational programme
of �ne-tuned immunomodulation, in tick-systems.
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Ticks are embedded in multi-host, multi-pathogen systems representing a burden on
veterinary and Public Health. Susceptibility to ticks must be treated as a dynamically
system, a maintained property of hosts whose immune systems, once primed by an initial
infestation, become either resistant or sensitive, driven by tissue damage, in�ammatory
activation, spatial di�usion and delayed salivary repression. Our central hypothesis is that
current tick immunobiology remains conceptually local, focused on modulation at the
feeding area, not really exploring on how system-level constraints and biological absence
may jointly shape transient failures or successes in mounting resistance. We, therefore,
argue that antigen-based approaches, seem to fail to provide a theoretically explicit treat-
ment of how dynamical laws, informational constraints and structured absences in�uence
tick systems. At the molecular level, nullomer-derived peptides and related constructs (in-
cluding other rare or systematically excluded sequence motifs) can be used as tools for
interrogating the biophysical and evolutionary conditions under which particular motifs
are excluded from genomes and proteomes.
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We assess whether �nite Negative Binomial mixture models recover latent uti-
lization groups more accurately than clustering in overdispersed count data. We
generated a synthetic dataset with �ve health-care utilization variables, struc-
tured into four latent groups and calibrated to Brazilian regulatory benchmarks.
Model parameters were estimated by maximum likelihood using Expectation-
Maximization algorithm. The results suggest that �nite Negative Binomial mix-
ture models provide a more suitable approach to identifying latent utilization
pro�les in overdispersed health-care count data.

Keywords
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These features challenge the adequacy of purely geometric clustering approaches, such
as K-means, particularly when the underlying population comprises latent subgroups. Fi-
nite mixture models provide a probabilistic framework for representing unobserved het-
erogeneity by assuming that the observed population arises from a combination of latent
components [1, 2].

In this work, we investigate whether a �nite mixture model based on Negative Bino-
mial components can recover latent utilization pro�les more accurately than K-means. We
generated synthetic to emulate health-care utilization in Brazil, following the simulation
approach of Deb and Trivedi [3] for modelling health-care demand via �nite mixtures. The
data consists of 5,000 bene�ciaries, structured into four latent groups and described by �ve
count variables: medical consultations, emergency visits, diagnostic exams, hospitalizations
and therapies. The marginal distributions of the simulated variables were calibrated using
aggregate indicators from the Brazilian National Regulatory Agency for Private Health
Insurance and Plans. The performance of each clustering method was evaluated using the
Adjusted Rand Index (ARI) [7] and Classi�cation accuracy [8].

The proposed model assumes that each latent component follows a product of inde-
pendent Negative Binomial distributions [4], one for each utilization variable. Hospital-
ization and therapy variables exhibit structural excess of zeros [5], accommodated within
each component. Parameter estimation was conducted using maximum likelihood via the
Expectation-Maximization algorithm [6], with the number of components selected accord-
ing to the Bayesian Information Criterion (BIC). For comparison, K-means clustering
was applied to log-transformed and standardized count data, with the number of clusters
selected using the Silhouette criterion. These preprocessing steps are necessary because
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K-means relies on Euclidean distances, which are sensitive to scale di�erences and distri-
butional skewness.

The best performance was obtained by the Negative Binomial mixture model when
all �ve variables were included. In this speci�cation, the BIC selected four components,
matching the true number of latent groups. The results indicate that the mixture model
outperformed K-means, achieving ARI=0.729, NMI=0.594 and accuracy =0.877, com-
pared with ARI=0.673 and accuracy =0.815 for K-means. The inclusion of rare but infor-
mative variables, particularly therapies, improved the recovery of the latent structure.

These results provide evidence that, in overdispersed count data with latent hetero-
geneity, Negative Binomial mixture models constitute a more suitable framework than
traditional clustering methods for recovering hidden utilization pro�les. This is a method-
ological study and does not aim to classify real bene�ciaries or detect operational anoma-
lies.
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An increasing number of studies have examined students' representations of sci-
entists using the Draw-A-Scientist Test. This study explored Portuguese fourth-
grade students' images of scientists, with a particular focus on gender di�erences.
The results showed that single-scientist drawings more frequently reproduced a
male image of science, whereas group drawings appeared to allow greater space for
gender diversity, although some stereotypical characteristics remained predomi-
nantly associated with male �gures.
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The Draw-A-Scientist Test (DAST) has been used for more than 40 years to identify
children's perceptions of scientists through drawings [1]. This method has consistently
revealed stereotypical representations of scientists, typically depicting a male scientist
working in a chemistry laboratory, wearing a lab coat and safety eyeglasses [2].

The present study attempts to further clarify Portuguese fourth-grade students' im-
ages of scientists through their drawings. Speci�cally, it examined whether students de-
picted no scientist, a single scientist, or multiple scientists, and how these representations
varied according to the gender of the �gures portrayed. The study also analysed the pres-
ence of stereotypical visual characteristics commonly associated with scientists, including
lab coats, eyeglasses, unkempt hair, and older age.

The participants were 500 fourth-grade students from di�erent regions of Portugal.
The vast majority of the students drew at least one scientist (77.0%), indicating that chil-
dren's representations of science remain strongly associated with the �gure of the individ-
ual scientist. Nonetheless, 74 drawings represented two or more scientists, corresponding
to 14.8% of the total sample and 19.2% of the drawings that included scientists. With re-
spect to stereotypical characteristics, the most frequently observed were lab coats (48.8%),
eyeglasses or goggles (30.6%), and unkempt hair (17.4%). Representations of middle-aged
or elderly scientists were uncommon, appearing in only 3.4% of the drawings.

Chi-square tests were performed to examine whether the presence of stereotypical
characteristics di�ered according to the number of scientists represented, comparing draw-
ings depicting a single scientist with those depicting two or more scientists. No statistically
signi�cant di�erences were found for eyeglasses, lab coats, unkempt hair, or age category.
These results suggest that the visual stereotype of the scientist was relatively stable and
did not vary substantially as a function of whether children represented one scientist or
multiple scientists.
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Gender distributions were also compared between drawings depicting a single scientist
and those depicting two or more scientists. Among drawings representing a single scientist,
54.0% depicted a male scientist, whereas 37.6% depicted a female scientist. In contrast,
among drawings representing two or more scientists, the proportion of exclusively male
groups decreased to 31.2%. Accordingly, approximately 70% of group representations were
not exclusively male, including mixed-gender and exclusively female groups. These �ndings
suggest that when children represent a scientist as an individual �gure, they are more likely
to depict a man. However, when scientists are represented collectively, children's drawings
appear to show greater gender diversity.

The association between gender and stereotypical characteristics was also statistically
signi�cant, indicating that children did not apply the scientist stereotype uniformly to
male and female �gures. Unkempt hair was attributed almost exclusively to male scien-
tists, appearing in 52 male representations compared with only 6 female representations.
Eyeglasses showed a similar pattern, being more frequently associated with male than
with female scientists, with 67 and 33 representations, respectively. The lab coat was the
only stereotypical feature that appeared to be relatively evenly distributed across gen-
ders. These results indicate that some of the most salient visual markers of the scientist
stereotype, particularly those associated with eccentricity or unconventional appearance,
were predominantly linked to male �gures. Female scientists, by contrast, tended to be
represented in a more visually neutral manner.

Overall, these �ndings indicate that children's representations of scientists were shaped
by both gender and the number of scientists depicted. Single-scientist drawings more
frequently re�ected a male-dominated representation of science, whereas group drawings
appeared to support more diverse gender representation.
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Postpartum haemorrhage (PPH) is a major cause of maternal morbidity and mor-
tality. This study evaluates logistic regression and machine learning approaches
for predicting PPH using obstetric and clinical data. Classical logistic regres-
sion identi�ed routinely collected predictors, while machine learning models were
able to improve predictive performance. The �ndings support combining statis-
tical and AI-based approaches for early risk strati�cation and improve clinical
decision-making.

Keywords

unsupervised clustering, penalised regression, machine learning algorithms, postpartum
haemorrhage.

Postpartum hemorrhage (PPH) remains one of the leading causes of maternal mor-
bidity and mortality worldwide, underscoring the importance of identifying patients at
risk as early as possible [1]. In this context, the present study proposes and evaluates a
data analysis pipeline that integrates exploratory techniques with classi�cation models to
predict PPH based on demographic, obstetric, and laboratory variables.

To address missing values, Multiple Imputation by Chained Equations (MICE) was
applied under the assumption that the data were missing at random (MAR) [2]. As an
initial exploratory step, K-means clustering was used to uncover underlying patient pro-
�les. The resulting clusters were visualized using Principal Component Analysis (PCA),
revealing three distinct subgroups, one of which was characterized by a comparatively
lower propensity for PPH.

For the predictive analysis, a two-stage modeling strategy was employed. First, step-
wise Logistic Regression was used to identify six key clinical predictors commonly available
in routine practice. Subsequently, machine learning models including Logistic Regression,
Ridge Logistic Regression and Random Forest, were trained and evaluated using cross-
validation [4]. Decision thresholds were optimized using Youden's index, and random over-
sampling was also employed to address class imbalance [3].
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The �ndings demonstrated that Ridge Logistic Regression provided the most favorable
predictive performance (Accuracy = 0.871, AUC = 0.907), which may be attributable to
the stabilizing e�ect of L2 regularization on model coe�cients. Although oversampling en-
hanced sensitivity, it was at times associated with a decrease in overall model performance
metrics [3].

Collectively, this framework demonstrates that while conventional statistical models
provide physicians with an interpretable tool by identifying easily obtainable, routinely
collected predictors, the integration of contemporary machine learning algorithms can
signi�cantly improve predictive performance while enabling the inclusion of a broader set
of covariates for PPH risk prediction.
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