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This volume includes a selection of abstracts presented at the conference DS&SR 2020, 

held on December 10-11, 2020. It covers a wide variety of topics, in particular: 

 

• new methodological developments to extract social knowledge from large-scale 

datasets; 

• new social research about human behavior and society with large datasets, either 

mined from various sources (e.g. social media, communication systems) or 

created via controlled experiments; 

• integrated systems to take advantage of new social data sources; 

• Big Data quality issues, both as reformulation of traditional representativeness 

and validity and as emerging quality aspects such as access constraints, which 

may produce inequalities; 

• Big Data for healthcare; 

• text analytics and classification; 

• sport analytics; 

• environmental and spatial models; 

• psychometrics.  

 

The topics addressed are of wide relevance for data end social sciences.  
 

Bari, Italy 
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A DIGITAL ASSISTANT FOR SUPPORTING 

PATIENTS IN MONITORING ACTIVITIES 

 
Marco Polignano, Marco de Gemmis and Giovanni Semeraro 
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KEYWORDS: eHealth, chatbot, digital assistant, icd-10, clinical coding, medical reports 

 

Abstract 

 
The area of Computer Science that focuses on developing technologies to improve 

health, well-being, and healthcare is commonly known as eHealth. In this regard, we 

developed HealthAssistantBot, a Telegram-based conversational agent for 

supporting patients in their daily activities. In a simple way, by exploiting a natural 

language-based interaction, the system allows the user to create her health profile, 

describe her symptoms, search for doctors, or to remember a treatment to follow.  

We developed machine learning algorithms to deal with the patient necessity, such 

as the recommendation of the nearest doctor who can best treat her condition 

automatically identified by analyzing symptoms and medical records. The patient 

can use HealthAssistantBot for tracking everyday health parameters such as blood 

pressure, glycemia, weight, temperature, and heart rate. Moreover, the patient can 

use the platform as a repository to store all her clinical records in a secure way, 

including hospitalizations, medical checkups, and medical diagnosis. The user 

clinical conditions are automatically annotated using the ICD-10 glossary in order to 

make them interoperable and easy to understand for every doctor, everywhere in the 

world. We evaluated our HealthAssistantBot with both an offline and online 
evaluation obtaining encouraging results. 
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Abstract 

 
In the last few decades, a digitization process has involved various aspects of daily life, 

and the healthcare sector is one of the fields most heavily affected by this digital 

transformation. Artificial Intelligence, and in particular Computational Intelligence (CI) 

techniques, such as Neural Networks and Fuzzy Systems, have proven to be promising 

methods for extracting meaningful knowledge from medical data and for developing 

intelligent systems for faster diagnosis, im- proved monitoring and effective healthcare. 

CI-based systems can learn models from data that evolve as data changes, taking into 

account the uncertainty that characterizes health data and processes. Our group working 

at the Computational Intelligence Laboratory (CILab) of the Department of Computer 

Science, University of Bari, is currently carrying out scientific research on the 

application of CI techniques to Digital Health problems. 
One activity concerns the creation of predictive models to support the early 

detection of episodes of Bipolar Disorder, a chronic mental illness characterized by the 
change of episodes that include healthy state, depression and mania or mixed states. 
We are investigating the effectiveness of applying semi-supervised learning to real-world 
data collected at the Department of Affective Disorders, Institute of Psychiatry and 
Neurology in Warsaw (Poland), through the interaction of patients with smartphones 
[1]. Another activity concerns the development of a monitoring system for the 
estimation of vital parameters based on the analysis of facial video frames [2]. The 
proposed system is based on a contact-less device (a videocamera integrated in a mirror), 
which is coupled with an intelligent module based on fuzzy logic rules to predict the 
level of risk of cardiovascular diseases. In collaboration with the local Institute for 
Biomedical Technologies of the Italian National Research Council, we are also working 
on the analysis of microRNA data from pediatric patients with Multiple Sclerosis [3]. 
This is a rare disease, the underlying mechanisms of which are still unknown. We want 
to support biology experts by not only providing some automated diagnostic tools, but 
also helping them find undiscovered patterns in the data. 
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KEYWORDS: ‘Artificial Intelligence’, ‘Big Data Analytics’, ‘Healthcare’ 

 
The interest for new and more advanced technological solutions and, therefore, 

towards the use of Information and Communication Technologies (ICT) is paving the 

way for the spread of innovative and revolutionary applications in all business 

processes (Aceto et al., 2018). Even in healthcare organizations the demand for new 

and more advanced solutions from science and technology is becoming a solid reality. 

The Artificial Intelligence (IA) system applied to medical research has the potential 

to be able to diagnose, find vaccines or detect an epidemic and, therefore, and then 

move towards highly advanced e-Health (Tsikala Vafea et al., 2020). The pandemic 

emergency has led to extreme applications of artificial intelligence so that, through 

information resulting from the cross-reference of data from even heterogeneous 

sources, it is possible to draw deductions and derive correlations useful to predict 

clinical outcomes of patients, identify models that can lead to scientific findings that 

can pave the way for early diagnosis of Covid-19 infections while maximizing health 

care resources (Radanliev et al., 2020) and contributing to the containment of 

pandemic risk on national territory (Fusco et al., 2020). Effective and patient-centered 

care cannot disregard the acquisition, management and analysis of a huge volume and 

variety of health data and gleaning new insights from that analysis—which is part of 

what is known as Big Data (Bates et al., 2014). The most relevant sources for the 

acquisition of large data in health care comes from medical recordings (Nambiar et 

al., 2013) as well as external data source. Additional data sources are increasingly 

available such us data derived from Internet use (social media) and smart application 

(Sadilek et al., 2012; Wicks et al., 2010). The potential acquisition and analysis of 

BDA requires a restructuring of the technological infrastructure and integrate 

traditional data analytical tools & techniques with an elaborate computational 

technology able to enhance and extract information useful for decision-making. 

Moreover it is important making the digital transformation of healthcare compatible 

with high standards of security and respect for data protection principles (Costa, 2014; 

Senthilkumar et al., 2018). This work aims to investigate the sustainability of Big Data 

use on the healthcare system in terms of improvement of services provided, changes 

in skills and abilities, efficiency of the organizational structure and operating costs. 
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KNOWLEDGE DISCOVERY BASED ON 

ARTIFICIAL INTELLIGENCE FROM MINING 

WEB SERVERS ACCESS LOG AND DATA 

VISUALIZATIONS 

 
Amjad Zareen 

 
Air University PAF Sector E-9, Islamabad, Pakistan 

(E-MAIL: amjad.zareen@yahoo.com ) 

 

Abstract. Insufficient Logging and Monitoring significantly delays malicious 

activity or breach detection while carrying out incident response or digital forensics 

investigations. Web applications usage can be analyzed based on information 

available within access.log file in order to improve usability and security. Web 

Servers access.log contains significant amount  of information that in turn can help to 

identify use and misuse cases. In this paper research has been presented to identify 

Web Servers behavior by producing meaningful visualizations which based on 

system generated access.log file. The followed technique has been implemented as 

an open source Python Jupyter notebook solution. The developed solution conforms 

to a newly proposed framework: Web Servers Access Log Visualizations – Attacks 

or Anomaly Detection using Applied Machine Learning. The developed solution has 

been tested and found functional with the size of access.log file greater than the 

available RAM of underlying machine. 

 
KEYWORDS:: Web Server, Access Log, Analysis, Security, Python. Abstract 
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“TELEMIELOLAB” TELEMEDICINE PLATFORM 

ORIENTED ON DSS-AI 

 
Alessandro Massaro1,*, Fabio Manca2, Angelo Galiano1 , Giuseppe Calamita2, 

Claudia Marin2,  and Angelo Vacca2
 

 

1 Dyrecta Lab srl, Istituto di Ricerca, Conversano (BA), Italy. 

(e-mail*: alessandro.massaro@dyrecta.com) 

2 Centro Interdisciplinare Ricerca Telemedicina, Università degli Studi di Bari Aldo Moro, Italy. 

 
The “TeleMieloLab” is a pilot telemedicine platform developed within the 
framework of an Apulia region project oriented on the improvement of health 
assistance activities involving the telematic collaboration between Aziende Sanitarie 
Locali -ASL-, laboratory analyses, general practitioners, specialized doctors. The 
project is focused on the application on patients suffering from Multiple Myeloma. 
The platform is managed by a control room monitoring in real time the patients thus 
facilitating the pre-screening process through the use of a Decision Support System 
(DSS) integrating clinical algorithms with artificial intelligence (AI) ones predicting 
different parameters (MC, HB, Ca++, IgC, IgA, IgM, Beta 2, FLC, etc.). The DSS is 
structured in three different alerting levels following a clinical flowchart. By using 
mobile app, the platform is able to enable homecare assistance processes. All 
patients are digitally traced by an identification number, and are automatically 
addressed about their analyses and therapies. 

 
KEYWORDS: telemedicine, digital assistance, decision support system. 
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DSS INTEGRATED IN INFORMATION 

SYSTEMS ENABLING NEURAL NETWORK 

HOMECARE ASSISTANCE DECISION 

MAKING 

 
Alessandro Massaro1,*, Fabio Manca2, Angelo Galiano1, and Angelo Vacca2
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(e-mail*: alessandro.massaro@dyrecta.com) 

2 Centro Interdisciplinare Ricerca Telemedicina, Università degli Studi di Bari Aldo Moro, Italy. 

 
Decision Support Systems (DSS) is an important tool for homecare assistance 
processes, also for companies working in homecare assistance services. The 
proposed DSS is based on neural networks predicting the patient health status. 
Another important DSS application is in in type I and II diabetes prediction, where 
Long Short-Term Memory (LSTM) neural networks provide a good accuracy. The 
neural network algorithms are integrated in the company information system in 
order to enable automatic alerting conditions and assistance procedures. The 
assistance control room receives in real time all patient data and plans the assistance 
service based on the processed alerting conditions. 

 
KEYWORDS: telemedicine, neural networks, homecare assistance. 
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Health wearable devices are adopted to acquire daily patient physiological data. All 
data are collected into a Cassandra Big Data system and are processed by Artificial 
Intelligence (AI) algorithms such as Support Vector Machine (SVM) and Long 
Short Term Memory (LSTM). The outputs of the AI algorithms provide, with a  
good accuracy, the prediction of systemic vascular resistance, heart rate and blood 
pressure parameters. The study is focused on formulation of a four-dimension (4D) 
model (cube model updated during the time) mapping for each patient the health 
risk: the risk maps are based on the simultaneous analysis of multiple information 
including psychological score, physical activity, and environment pollution. 

 
KEYWORDS: telemedicine, neural networks, big data, multi parametric model, wearable 

devices. 
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The use of the internet for rehabilitation, is an actual approach to optimize the 
homecare assistance. A web platform is adopted to recognize the correct pronounced 
words and phrases in voice rehabilitation processes, by creating acoustic training 
model. The acoustic training model is implemented by a Long Shot Term Memory - 
LSTM- neural network algorithm, classifying the speech disorder and assigning a 
score for each test performed online. The platform is managed by a specialist which 
can select the exercise to perform thus analysing in real time the score assigned by 
the LSTM algorithm. The platform is able to trace the rehabilitation patterns and to 
suggest automatically the exercises to perform. The output graphical dashboards 
facilitate the clinical evaluations and reporting. The training dataset is structured as a 
“vocabulary” (dictionary) of the acoustic model able to classify the correct 
phonemes to pronounce. The innovative proposed approach of ‘remote 
rehabilitation’ provides a new concept of telemedicine based mainly on the goal to 
optimise human resources. A further improvement of the realized platform could be 
achieved by analysing the frequency response of the vocal signal. 

 
KEYWORDS: telemedicine, neural networks, voice rehabilitation. 
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Empirical studies in the field of property valuations are normally focused on 

structural and temporal attributes, in evolutionary terms, and only more recently 

have they focused attention, in quantitative terms, on those exogenous factors, of a 

spatial type, which always assume relevance growing. It is only in recent decades 

that there has been attention to these attributes that allows you to correct the 

estimates of value that would otherwise be distorted. Empirical evidence supports 

the hypothesis that greater accessibility to public transport and the presence of green 

areas could have a positive impact on real estate values. However, the capitalization 

of these advantages varies in different areas of study. 

As indicated by Cordera et al. (2019), the weight of the different factors influencing 

property prices can be estimated using a technique known as hedonic regression. 

This technique was formalized by Rosen (1974). In this paper the methodology 

followed by Camagni and Capello (2003) is the starting point, nevertheless novels 

are included. They estimate a hedonic price function, indicated in the literature as a 

Box-Cox function, with the use of linear transformations. The analysis area for the 

evaluation of the hedonic model, here presented, is referred to a district located in 

the city center of Bari (an Italian city), north of the railway station, and with the 

presence of a green area. Therefore, it is suitable for assessing the effects on the 

differentials of price between cadastral and market values due to the presence of 

these two characteristics. 1,449 real estate units belonging to the category of 

economic housing are used to estimate the parameters of the model. 

The results obtained are significant and the hypothesized relationship is correct. 

 
KEYWORDS: Hedonic prices, Transport infrastructures, Green areas, Real estate market. 
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Most classical econometric methods and tree boosting based algorithms tend to 

increase the prediction error with binary imbalanced data. We propose a Synthetic 

Penalized Logitboost based on weighting corrections. The procedure (i) improves 

the prediction performance under the phenomenon in question, (ii) allows 

interpretability since coefficients can get stabilized in the recursive procedure, and 

(iii) reduces the risk of overfitting. We consider a mortgage lending case study using 

publicly available data to illustrate our method. Results show that errors are smaller 

in many extreme prediction scores, outperforming a number of existing methods. 

Our interpretations are consistent with results obtained using a classic econometric 

model. 

 

 
KEYWORDS: Imbalanced, boosting, interpretation, prediction, binary. 
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Our study aims at predicting the consumption of the household using  asset 
measures, socio-economic indicators and household-level variables. It revolves 
around the theory of supervised machine learning, more precisely, regressions. We 
try to model the relationship between the consumption level as the dependant 
variable and various other independent variables. Machine learning works on the 
concept of regression where the model tries to find the best fit equation that closely 
explains the relationship. The model is trained using the training data and the 
accuracy is tested on testing dataset. We have selected three datasets for our study, 
viz, Indian Human Development Survey (IHDS) 2004 dataset, IHDS 2011 dataset 
and the All India Debt and Investment Survey (AIDIS) dataset. These nationally 
respresentative datasets contains the survey data on the household-level variables 
across India such as wealth measures, asset measures, social categories, whether 
urban or rural etc. They consists of 41554 observations for IHDS and 309026 
observations in the case of AIDIS dataset. This is further resampled to 50000 
samples to avoid overfitting problem. The majority of variables in IHDS datasets are 
categorical variables whereas most of the variables in AIDIS dataset are continuous 
variables. We really try to assess the scope of predicting the household consumption 
with the help of available independent variable. The machine learning algorithms we 
used include Ordinary Least Square regression (OLS), Ridge regression, LASSO 
regression, Random Forest regression, Elastic net regression and ensemble 
regressions which is based on bagging methods which utilizes the combination of 
different algorithms together. We find that the Random forest regression is the best 
fit model to predict consumption from the dataset with an accuracy of 63.27% in the 
testing dataset. OLS, ridge, LASSO and elastic net regressions shows an accuracy of 
40.19%, 27.35%, 42.85% and 41.95% respectively. We also find that the prediction 
accuracy has significantly improved in the AIDIS dataset since it contains the data  
in the form of continuous variables whereas the variables in IHDS dataset were  
more categorical in nature. Asset measures, farming assets, livestock, social 
category, location (rural or urban) and household income levels seem to be 
predicting household consumption. 
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In an environment subject to critical climate change, smart cities emergency 

management plans provide effective practices to decrease both citizen exposure 

and vulnerability. In this context, crowding maps are a valuable tool to enhance 

the flood risk management plans, and mobile phone big data help to explore 

spatio-temporal patterns and their uncertainties, with regard to land of interest 

and calendar period. 

Recently, a multi-stage approach, based on Histogram of Oriented Gradients 

(HOG), Functional Data Analysis (FDA) and Model-Based Clustering (MBC) 

methods, has been used with spatio-temporal mobile phone big data along with 

administrative data to develop a dynamic indicator to estimate the number of 

citizen in an urban area (Metulini and Carpita, 2020). 

In this talk, the use of this indicator to derive crowding maps is discussed. 

The proposed combined-methodology appears to be more reliable than standard 

crowdsourcing strategies, and has potentials to better address real-time rescues 

and reliefs supply. A test case is provided by a strongly urbanized area subject to 

frequent floodings located in the western outskirt of Brescia town in Northern 

Italy (Balistrocchi et al., 2020). 
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In this talk we will show some examples how data science can help basketball coach 
staff in tactically prepare and interpret a match, highlighting strengths to be pushed, 
or offering possible ways out when the situation seems compromised. 
In particular we will show how classification and regression trees, thanks to their 
easy understanding, are a valuable tool for this purpose. 
We will propose some examples where trees-based models are used to analyse 
match situations, to study basketball court on the base of shooting success and at last 
to build up more tailored match models via MOB. 

 
KEYWORDS: data science, basketball, machine learning, trees 
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‘Review bombing’ (RB) is a jargon referring to coordinated groups of people 

performing sabotage of a recommender system, e.g., submitting extreme scores. 

RB is conceptually alike to fake news or ‘botting’ on social media. The Last of 

Us Part II (TLOU2) is a survival horror videogame. It performed well under 

many rating metrics (e.g., Amazon’s ratings from customers) since the 

publication day. However, in the platform metacritic.com, where it became also 

the most rated item, negative ratings outnumbered positive ones. By consensus, 

this was the widest case of RB on a single product. Contextual literature 

suggests a connection with political controversies over the videogame industry 

(i.e., #GamerGate). For each of approx. 65k different users having reviewed 

TLOU2 on metacritic.com in the first 40 days from the publication date, we 

scraped their review (i.e., text, score, and date) and other information about their 

history as reviewers. Many users submitted the review in the early days and 

significant differences in sentiment were observed among linguistic groups. 

Focusing on the largest English corpus of reviews (approx. 51k), we developed 

methods to identify relevant patterns, anomalies, and suspicious contents. We 

identified and quantified major topics (Politics, LGTBQ, boycott, etc.) under 

discussions. Through results, we argue for the existence of a quantifiable 

‘inverse effect’ of RB, where negative reviews do fuel future positive reviews 

(and vice-versa) due to the inherent complexity of public opinion’s dynamics. 
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Summary statistics of football matches such as final score, possession and 
percentage of completed passes are not satisfyingly informative about style of play 
seen on the pitch. In this sense, networks and graphs are able to quantify how teams 
are different from each others. 

In this work we study the distribution of triad census, i.e. the distribution of local 
structures in networks that, basing on our results, is able to characterize passing 
networks of football teams. We describe the triadic structure and analyse its 
distribution under some specific probabilistic assumptions, introducing some tests to 
verify the presence of different triadic patterns in football data. 

We firstly run an omnibus test against random structure, basing on U|MAN 
assumption, to assess whether observed triadic distribution deviates from 
randomness. Then we apply a Dirichlet-Multinomial test to recognize different 
triadic behaviours after choosing some reference patterns. The proposed tests are 
applied to a real dataset regarding 288 matches in the Group Stage of UEFA 
Champions League among three consecutive seasons. 
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In modelling football outcomes, scores' data are regularly used for the estimation of 

the attack and the defence strength of each team. However, these teams' abilities are 

quite complex and are correlated with many quantities inherent to the game. 

Additional available information, relevant for their estimation and for a better 

analysis, are shots, both made and conceded, along with their geo-spatial structure, 

represented by the angle and the distance of each single shot in the football field. 

Following the motivations raised by the so-called expected goals (xG) models 

(Eggels et al., 2016) and extending a previous work about shots models (Egidi et al., 

2018), we build a double binomial Bayesian model for the number of goals scored 

by the two competing teams, where the probability of scoring depends on shots 

covariates. We run our model on a large dataset consisting of the individual shots 

information for each match from three seasons of the Italian Serie A (2014-2015, 

2015-2016, and 2016-2017) for a total of almost 27000 shots. Model checking 

through posterior predictive checks and model comparisons via leave-one-out cross 

validations are provided. 
 

KEYWORDS: football modelling, shot information, double binomial model, 

Italian Serie A, model checking. 
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The game analysis goes through tracking technologies. Detecting the relative 

positioning of the players and their coordinates is essential for carrying out analysis 

related to movement. There are wearable devices that use GPS signals but not all 

sports allow it, and they are not useful for tracking balls. For this reason, the optical 

tracking system is often used. Some sports have fewer complications than others: 

tennis for example. Others like football are difficult for the number of players, the 

duration of the game, the complexity of the movement. Quant4sport used 

professional tracking datasets to experiment with a visualization and reporting 

system useful for the ex-post analysis of the games: a system that only with the use 

of movement coordinates provides for the calculation of a series of parameters and 

their representation graphics. With an eye towards the future of artificial intelligence 

to use these parameters for predictions. 

 
KEYWORDS: tracking, plotting, reporting, data analysis, key indicators. 
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Nowadays, data science covers many areas of our life, and also sport applications. In 
this context, we focusing on football, and propose an  overview about a project in 
the field of performance analysis (Carpita et al., 2019; Carpita and Golia, 2020) and 
prediction of football match results (Carpita et al., 2015). 

The idea is to adopt a non-supervised approach, thanks some clustering around 
variables techniques (i.e. KPI: Key Performance Indicator), in order to create some 
composite index for each area of performance (e.g. technical-mental-physical), 
differentiate by role (Carpita et al., 2020). The final goal is to help coaches and 
scouting to take decisions and to evaluate impartially players performance. 

In our presentation, we will submit an overview about the results of a 
preliminary analysis of our technical-dataset: data visualization and comparison 
between players KPI’s performance, differentiate by role. 

 
KEYWORDS: technical player performances, clustering around variables, composite indicators. 
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The evaluation of students’ careers is fundamental for the organization of teaching 
and for the orientation and attraction of new students. 

The School of Engineering at the University of Padova has collected data from 
different cohorts of students starting from the academic year 2013/14. Using 
demographic characteristics and information about a student’s career, three main  
key performance indicators (KPIs) have been targeted: probability of achieving at 
least 55 University Credits at the end of the first year, dropping out at the end of the 
first year and graduating within 4 years. 

Support Vector Machine [1], Random Forest [2] and Gradient Boosting Machine 
[3] were applied to the available data. In each application, the data set was randomly 
split into training and test sets and the performance of the model on the test set was 
measured, using the Adjusted Rand Index (ARI). For each classification problem, 
the model having the highest average ARI was selected. Finally, using the best 
performing models and appropriate importance measures, we identified the most 
relevant features having an impact on the probability of interest. 

Among other results, this analysis allowed us to appreciate the efficiency of the 
entrance exam in evaluating students, given that the achieved grade is quite relevant 
when predicting the dropout probability. Moreover, satisfying eventual additional 
learning requirements (OFA) during the first year appears to be fundamental for the 
considered KPIs. 
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Influenced by the health emergency caused by the Covid-19 pandemic, many brands 
have changed their communication strategy, introducing more or less explicit 
references to principles of solidarity and fraternity in their TV commercial, to 
enhance trust and hope in Italian families during the lockdown. The traditional 
settings of the advertising format, focused on the product quality, have been moved 
to the background, in favour of the strengthening of the "brand image" by means of 
specific words, characters, hashtags and music, spreading empathetic messages to all 
those who need to regain hope and confidence, in a period of extreme emotional 
fragility. In this scenario, the paper aims to detect the emotions and the awareness 
raised by the brands during the lockdown period, compared to external periods, and 
to measure, through Text mining techniques, the sentiment of customers expressed 
on the social network Twitter. After a careful phase of extraction and pre-processing 
of tweets by means of Natural Language Processing algorithms, a dataset of 20,982 
tweets was analysed, considering three different periods: pre-lockdown, during 
lockdown and post lockdown. The frequency analysis through the TF-IDF 
algorithm, firstly highlighted not only an increase in activity on the Twitter social 
network during the lockdown period of 3 times and half higher than the previous 
period, but, above all, a completely different use of the terms ‘Italia’, ‘Grazie’ and 
‘Nuovo’, the most used in tweets, along with the hashtags '#iorestoacasa' and 
'#andràtuttobene’. The novelty in the advertising approach of the brands towards 
consumers, therefore, seems to have generated a certain sense of appreciation and 
gratitude, as well as a strong sense of belonging that is absent in the two other 
periods, in which it emerged that the TV commercial was commented on Twitter 
mostly for the brand's product or as an element of "disturbance" for other television 
events. The analyses of bi-grams and of co-occurrences highlighted that the 
commercials mostly drawing consumers’ interest were Lavazza and Barilla. In 
general, three reversals characterized the trend of the average daily “sentiment 
score”: a drop in “sentiment” just before the lockdown period, a strong resumption 
of positivity throughout it and a decline in the immediately following period. These 
results show how, by moving away from the traditional advertising approach, brands 
have managed, in order to enhance the amount of people talking about them, to 
reach the difficult goal of arousing an important positive mood in an extremely 
emotionally draining period; following, the trend has been reversed probably due to 
fatigue, and the first tastes of freedom. 
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Open data are spreading rapidly in public institutions (PI) as a means for promoting their 
effectiveness and efficiency and to enhance transparency, public participation, trust and 
cooperation. PI provide citizens with data and information regarding internal processes and 
policies, then data have to be easily accessible, understandable and usable. As to participation, 
shared decisional processes improve the quality of the political-administrative choices. On 
one side, PI gather proposals on citizens needs and, on the other side, build a cooperative 
network among themselves. Governance becomes a shared process which meets 
stakeholders’ expectations. These are the pillars of Open Government, which has proved to be 
the most powerful way to face the recent economic crisis, turned into a confidence crisis 
towards Politics and institutions. The “openness” approach can spread these kinds of 
innovation: i)institutional, by rethinking the public intervention in terms of real usefulness for 
citizens/businesses; ii)organizational, based on transparency, organizational and individual 
evaluation, social responsibility and accounting; iii) technological, by creating a network of 
interconnected administrations, supported by modern technologies; iv)cultural, with the 
adoption of a participatory model, in which the decision-making process raises from the 
collaboration between institutions and individuals. In this scenario, data are crucial to provide 
citizens with the necessary knowledge tools to make their decisions or evaluate the impact of 
public ones. In a broader setting, the economic system can develop services that, based on 
public information, can benefit all the community. Public organizations collect a wide range 
of different data, which are particularly relevant as quantity and reliability. Universities 
received an important acceleration towards the adoption of ‘innovative’ IT procedures by the 
spread of the Covid19 pandemic, but, in addition to remote learning, they publish open data 
on institutional information: enrolled students, courses, departments, staff. Anyway, further 
information are more interesting for stakeholders: they would like to know if their investment 
in higher education will be rewarded by a successful university performance, by an adequate 
teaching or by effective possibilities of quickly entering the job market. Providing open data 
on these issues could be effective to compare the quality of universities or the potential value 
of a degree. Open data can lead to a further qualitative leap in the academic world, towards 
smart universities dealing with smart students, aware and motivated by a complete knowledge 
and participation in the institutions intended for them. Open data have a huge potential yet to 
be fullyexploited. 
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Throughout the years statistics progressively gained importance in business and 
engineering contexts, to the point that today statisticians are often recognized as 
potentially leading innovation in the industrial environment (Hockman & Jensen, 
2016). In the process of industrial innovation, a crucial part consists in the 
generation of knowledge about the phenomenon under investigation, thus traditional 
methodologies of industrial statistics such as Design of Experiments can be 
integrated with new tools coming from the field of Artificial Intelligence/Machine 
Learning in the aim of enabling the definition of new products with enhanced 
performances. In this work the authors present an application of machine learning 
methods on experimental data sampled according to a Box-Behnken design (Box & 
Behnken, 1960) in the process of development of a new chemical formulation which 
defines the properties of a commercial product. By using tools available in the 
literature, focus of the analysis is put on strategies which can be applied  to 
illuminate the black-box of the machine learning models and provide a 
quantification of the uncertainty of predictions, points that are often under- 
emphasized in similar applications (Wager, Hastie, & Efron, 2014). The models 
developed can be included in a data-driven semi-automatic system that can facilitate 
the process of product innovation. 

 
KEYWORDS: neural networks, random forests, experimental design 
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ARTI-Puglia (Regional Agency for Technology and Innovation) recently published 
an instant report with many socio-economical comparisons between Puglia and the 
grouped rest of European regions, based on the EU Regional Competitiveness Index 
(https://ec.europa.eu/regional_policy/sources/docgener/work/2019_03_rci2019.pdf). 
The not only descriptive approach of the ARTI researchers provides numerous 
information on the characteristics of the RCI and some of its constituent elements. 
The RCI is an indicator, created in 2010 by the Directorate General for Regional and 
Urban Policy of the European Commission, that is used to compare regional 
performances in terms of innovation and competitiveness, but also its social 
development. It takes into account about forty elementary indices at regional level 
(some of which, however, are not always available in some European regions, 
particularly in the French Overseas Territories), which identify eleven "pillars", then 
summarized in three macro-pillars. These three synthetic indicators are in turn 
summarized in the RCI, with different weightings according to the level of  
economic development of each observed region. 
The work presented here aims to deepen the technical and applicative aspects of the 
RCI and its components, underlining its strengths and any critical issues in its 
structure. Through various multivariate techniques (starting with the Principal 
Component Analysis), the relevance and sensitivity of the numerous elementary 
indicators that are involved in the calculation of the RCI will also be verified. 
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Topic models arise from the need of understanding and exploring large text 
document collections and predicting their underlying structure. Latent Dirichlet 
Allocation (LDA) (Blei et al., 2003) has quickly become one of the most popular 
text modelling techniques. The idea is that documents are represented as random 
mixtures over latent topics, where a distribution over words characterizes each topic. 
Unfortunately, topic models give no guaranty on the interpretability of their outputs. 
The topics learned from texts may be characterized by a set of irrelevant or 
unchained words. Therefore, topic models require validation of the coherence of 
estimated topics. However, the automatic evaluation of the latent space of a topic 
model is a difficult task. Formerly, the most used metric for evaluating the quality of 
a topic model was the held-out likelihood. Still, the literature has shown that this 
method emphasizes complexity rather than interpretability. Although many 
procedures were recently proposed (Röder et al., 2015), the automatic evaluation of 
topic coherence remains an open research area. Our work aims to provide a new 
technique based on Statistically Validated Network (Tumminello et al., 2011). Our 
approach consists in representing each topic as a network of its most probable 
words. The presence of a link between each pair of words is assessed by statistically 
validating their co-occurrences in sentences against the null hypothesis of random 
co-occurrence. Thus, we propose a new coherence measure based on the structure of 
the statistically validated network. Furthermore, the new measure provides a ranking 
of topics and distinguishes high-quality from low-quality topics. The intuition is that 
the pairwise associations of words is strictly related to the semantic coherence and 
interpretability of a topic. 
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This work concerns an inferential methodology in order to deal with big datasets 

from the point of view of the number of response variables. In many testing 

problems, where the possible effect of a factor/treatment is evaluated under several 

points of view, in other words in the presence of a multivariate response, the 

classical methods based on the assumption of normality of the data cannot be 

applied, especially if the sample sizes are much lower than the number of variables 

(Pesarin and Salmaso, 2010). 

The null hypothesis of the problem is that the treatment effect for all the considered 

variables is equal to zero. In other words it consists in the equality in distribution of 

the multivariate response for the two groups. The alternative hypothesis is the non- 

equality in distribution of the multivariate response for the two groups. 

A suitable methodology for such a problem can be found within the family of the 

combined permutation tests (Pesarin and Salmaso, 2010; Bonnini et al. 2014). This 

methodology is nonparametric and does not require the dependence structure of 

variables to be explicitly defined, unlike the likelihood based methods, but it takes 

into account this structure in the null permutation distribution of the test statistic. 

With this methodology, the property of finite sample consistency holds. When the 

number of response variables for which the alternative hypothesis is true diverges, 

the power of the test tends to one (Pesarin and Salmaso, 2010). 

This solution is nonparametric, hence it is flexible and robust, with respect the 

departure from the assumption of normality. 
We present a case study concerning a multivariate two-sample problem in a 
randomized controlled trial. It is a medical problem with a large number of response 
variables and very small sample sizes. No parametric solution is possible for such a 
problem. 

 
KEYWORDS: permutation test, multivariate test, big data. 
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Cluster analysis is an exploratory multidimensional analysis of a complex dataset 

(Dolnicar, 2002; Ernst & Dolnicar, 2018; Dolnicar, 2019). Its main purpose is to 

discover homogeneous groups of units using a set of segmentation variables. In the 

last decades, the popularity of this tool is massively grown in the tourism filed but 

the review conducted in this study reveals that often the researchers are not aware of 

the characteristics and limitations of the clustering algorithms adopted. An important 

issue in the literature regards the adoption of the SPSS TwoStep clustering algorithm 

when mixed data are used as segmentation variables. In fact, it has been 

demonstrated that this algorithm is not suitable for this purpose and alternative 

algorithms should be adopted (Bacher et al., 2004). Therefore, the main purpose of 

this study is to describe, both theoretically and empirically, a novel clustering 

algorithm, recently published by D’Urso & Massari (2019), suitable to identify 

clusters of units based on mixed data. This clustering algorithm is so flexible that it 

works with any kind of data in input. Therefore, the second important contribution 

of this study is to discuss and present a suitable way to include the “Don’t know” 

answer in the cluster analysis. As highlighted by Dolnicar (2013), the “Don’t know” 

answer is frequently included in surveys but, as our review has revealed, this 

information has never been included in a cluster analysis conducted in the tourism 

field. Data collected at the GEOPARC Bletterback (South-Tyrol, Northern Italy), a 

UNESCO World Heritage site, have been analysed and discussed. Concluding, the 
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main issues related to cluster analysis are highlighted offering some suggestions and 

recommendations for future analysis. 
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In the analysis of gender gap, the difference between females’ and males’ 

income is one of the main topics as it is known that, even with a higher 

educational level, females earn less than males do. 

To investigate this, we decide to estimate the distribution of the ratio of 

females’ income over males’ income using the methodology based on the 

distribution of the ratio of two Dagum with three parameters (Pollastri and 

Zambruno, 2010). The distribution of this ratio studied in two different 

situations can reveal the gender inequality concerning income in different 

groups or times. The parameters of the Dagum distribution, which fits very 

well to several economic variables’ distributions, are estimated using 

maximum likelihood method. 

We applied this methodology to the Bank of Italy Survey on Household 

Income and Wealth (SHIW) data analysing and comparing the deciles, the 

density functions and the cumulative distribution functions of the ratio of 

the females’ income over males’ income in different age classes, Italian 

areas, and years. 

We decide to focus on this topic as this difference is decreasing in the 

recent years, but income parity has not yet been achieved. 
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This study examined the most demanding passages of match play (MDP) and the 

effects of playing formation, ball-in-play (BiP) time and ball possession on the 1-  

min peak (1-minpeak) demand in elite soccer. During 18 official matches, 305 

individual samples from 223 Italian Serie A soccer players were collected. MDP and 

1-minpeak were calculated across playing position (central defenders, wide defenders, 

central midfielders, wide midfielders, wide forwards and forwards). Maximum 

relative (m·min-1) total distance (TD), high-speed running (HSR), very high-speed 

running (VHSR), sprint (SPR), acceleration/deceleration (Acc/Dec), estimated 

metabolic power (Pmet) and high-metabolic load (HML) distance were calculated 

across different durations (1-5, 10, 90 min) using a rolling method. Additionally, 1- 

minpeak demand was compared across playing formation (3-4-1-2, 3-4-2-1, 3-5-2, 4-3-

3, 4-4-2), BiP and ball/no-ball possession cycles. MDP showed large to very- large 

[effect-size (ES): 1.20/4.06] differences between 1-minpeak vs all durations for each 

parameter. In 1-minpeak, central midfielders and wide midfielders achieved greater TD 

and HSR (ES:0.43/1.13) while wide midfielders and wide forwards showed greater 

SPR and Acc/Dec (ES:0.30/1.15) than other positions. For VHSR, SPR and Acc/Dec 

1-minpeak showed fourfold higher locomotor requirements than 90-min. 1-minpeak for 

Acc/Dec was highest in 4-3-3 for forwards, central and wide midfielders. 1-minPeak 

was lower during peak BiP (BiPpeak) for HSR, VHSR and Acc/ Dec (ES: -2.57/-1.42). 

Comparing with vs without ball possession, BiPpeak  was greater (ES: 0.06/1.48) in 

forwards and wide forwards and lower (ES:-2.12/-0.07) in central defenders and wide 

defenders.  Positional  differences  in MDP, 1-minpeak and BiPpeak were observed. 

Soccer-specific drills should account for positional differences when conditioning 

players for the peak demands. This may help practitioners to bridge the 

training/match gap. 
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The Europe 2020 strategy is the EU program to support the growth and the 
occupation within 2020. About the economic growth, one of the three essential 
pursued priorities is the inclusiveness. In the year of its expiration, this contribution 
provides an exploratory analysis to verify the presence of an inclusive economic 
growth in some European countries. This study proposes an innovative approach 
based on trajectory analysis showing the dynamics of employment and well-being 
using a set of economic indicators for a 25-years period from 1995 to 2019. The 
obtained results have been compared to the economic models and social inclusion 
measures of 8 selected countries. The proposed methodology in this study is an 
approach for three-way data based on principal component analysis. In the two- 
dimension plan obtained by this method, it is possible to visualize a couple of 
coordinate for each year and each country. The union of these coordinates draws a 
single trajectory for each country defining the route across the period. Preliminary 
results have shown a lack of homogeneity in the economic growth and only in some 
cases, this dynamic could be targeted as inclusive. 
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In the context of social research, analysing data implies dealing more and more with 
large data sets, possibly with non-homogeneous coordinates, or abstract spaces. 
Even though a data set does not always come in the form of a shape, we can often 
build a shape on top of it by exploiting item relations, like in a network, or 
coordinate representations, like in an embedded point cloud. Topology describes, 
characterizes, and discriminates shapes by studying those properties which are 
preserved under continuous deformations, such as stretching and bending, but not 
tearing or gluing. Differently from geometrical measures, topological properties are 
coarse, independent from coordinate systems and stable to noise. The basic goal of 
topological data analysis [Carlsson, 2009][Patania et al., 2017] [Fugacci et al., 2016] 
is to infer knowledge from data by means of topology-based descriptors. We present 
an overview of the persistence pipeline as the main methodology in topological data. 
In this framework, the homology properties are tracked along a nested family of 
shapes to produce a barcode, that is, a data descriptor encoding the lifespan of 
connected components, loops, cavities and higher dimensional analogues along the 
nested family of shapes. We will focus on how long-lasting homology features are 
detected through the persistence approach and interpreted as the most relevant 
topological features in the family of shapes. 
Are those topological features interpretable for social research? We discuss some 
persistence applications to complex networks by focusing on strength points and 
limitations which are specific to the social domain. 
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The Covid-19 pandemic has imposed an alternative scheme of learning than the 

traditional one. It is a paradox but an implicit benefit of pandemic was the 

propulsive thrust for adopting innovative learning methods. The distance learning 

was adopted with several differences among universities. Under this perspective, the 

teaching landscape has been deeply and quickly changed such as length and content 

of the lessons, students interaction, student reception. Therefore, old evaluation 

practices could not be appropriate and the mandatory survey on the quality and 

satisfaction of the students looses its meaning so another form of the students’ 

evaluation has to be planned. At Iulm University, an approach based on textual 

analysis, was been adopted. Useful indicators, characterized by sentiment analysis 

score, have been developed for evaluating the distance learning. Under 

methodologic perspective the use of neural network models (Srinivasa-Desikan, 

2018, Shayaa et al., 2018) on complete sentence for computing the sentiment score 

was preferred than the bag of words. Three opened questions related to the 

strengthens, weakness and suggestions aspects were submitted to Iulm students 

population (more of 7000 students), the response rate was 14% and the results 

highlighted a moderate positive sentiment for the distance learning but some 

shadows on lack both interaction students-professors and technical problems due to 

the low connectivity are captured by the proposed indicators. 

 
KEYWORDS: textual analysis. machine learning, sentiment analysis 

 

References 

SHAYAA, S., JAAFAR, N. I., BAHRI, S., SULAIMAN, A., WAI, P. S., CHUNG, Y. W., ... & 

AL-GARADI, M. A. 2018. Sentiment analysis of big data: Methods, applications, and 
open challenges. IEEE Access, 6, 37807-37827. 

SRINIVASA-DESIKAN, B. 2018. Natural Language Processing and Computational 
Linguistics: A practical guide to text analysis with Python, Gensim, spaCy, and 

Keras. Packt Publishing Ltd. 

mailto:emma.zavarrone@iulm.it
mailto:rmazza@unina.it


3𝑟𝑑 International Conference on Data Science & Social Research 

10-11 December 2020 

 

37 

 

 

 

CO.ME.T.A. – COVID-19 MEDIA TEXT 

ANALYTICS. A TEXTUAL DASHBOARD FOR 

POLICY-MAKERS 

 
Emma ZAVARRONE1, Maria Gabriella GRASSIA2 and Rocco MAZZA2

 

 

1 Department of Humanities, University IULM -Milan, 

(e-mail: emma.zavarrone@iulm.it) 

2 Department of Social Sciences, University Federico II Naples (e-mail: 

mgrassia@unina.it;rmazza@unina.it) 

 

 

On Feb 11, 2020, WHO (World Health Organization) announced an official name 

for the syndrome coronavirus 2 (SARS-CoV-2), that is COVID-19. After a month 

the COVID-19 has been declared as pandemic. The focus of this paper is to trace 

how the mass media, particularly information on newspapers, have addressed the 

issues about the containment of contagion or the explanation of epidemiological 

evolution. Communication has an important role in the diffusion of behaviour and 

contagion, especially regarding the spreading of misinformation. It is important to 

monitor the information that the mass media and social platforms convey. Notable 

examples are Sharma et al. (2020), a Twitter based dashboard for analysing the 

COVID-19 misinformation, and Cinelli et al. (2020), who studied engagement and 

interest in the COVID-19 topic. This paper presents an interactive dashboard. 

CO.ME.T.A. based on textual methodologies of computational linguistic, textual 

analysis, classification, LDA, sentiment analysis, network textual analysis with a 

simple graphical interface. The sources of CO.ME.T.A. are the selected articles in 

newspaper on Covid-19 and its main purpose is to help the policy-makers in the 

comprehension of the events under quantitative perspective. The beta release of 

CO.ME.T.A. works on 45.673.657 terms realized on R and Python. 
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The interest in automatic procedures for handling textual data has grown 
exponentially, in particular for the text clustering algorithms that determine the natural 
clusters on the basis of a set of relevant words, see e.g. Aggarwal and Zhai (2012), 
Bécue-Bertaut (2018), among these, document clustering is used to group documents 
based on the same topic. In this context, the documents are numerically represented 
by vectors, see e.g. Salton et al. (1975), Melucci (2009), Salton and Buckley (1988), 
so the choice of a suitable similarity measure among documents and an appropriate 
clustering algorithm is important to identify the proximity of two feature vectors and 
the structure of the groups. 

In this framework, we propose here a two-step model-based approach within the 
spectral clustering framework. Spectral clustering techniques have spread as valid 
competitors with respect to other clustering methods; they provide a data grouping 
using the eigenvectors of a matrix called the Laplacian matrix derived from a set of 
pairwise similarities among the units to be clustered, see e.g. von Luxburg (2007), Ng 
et al. (2002) and Meila (2015). Related approaches for text clustering have been 
previously considered in Cadot et al. (2018). 

In the spectral clustering algorithm, the choice of the similarity between pairs of 
units plays a fundamental role; usually, similarities are computed according to a 
kernel function depending on some parameter ε called the radius. Our first 
contributions concern the proposal of a new kernel function for clustering text data 
via spectral clustering approaches and a data-driven criterion for the choice of the ε 
in the kernel function. Moreover, according to some theoretical results about the 
shapes of the clusters in the feature space, another proposal concerns a model-based 
approach to spectral clustering. In this framework, we compare different kinds of 
mixture models for grouping data in the eigenvector space. The performances of 
many different mixture models are compared based on real data sets. 
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Newspapers, media, and even environmental agencies around Europe have reported 
that COVID-19 lockdown caused an extended environmental clean-up. Considering 
air quality, we focus on the Lombardy Region (Italy), which is at the same time the 
most populous region and the area most affected by COVID-19 in Italy. Lombardy is 
also one of the most polluted areas in the European Union. The main research 
hypotheses we pose concerns if and how first-wave restrictions imposed during spring 
2020 have improved air quality in the region and if the improvements are similar 
throughout the territory. To answer these questions, we use data from January 2015 
to mid-June 2020, provided by the regional environmental protection agency (ARPA 
Lombardia), for 74 monitoring stations. We used an autoregressive time series model 
with exogenous covariates (ARX) to assess the combined impact of meteorology, 
seasonality, trend, and lockdown on the 𝑁𝑂2  concentrations at each monitoring 

station. Model selection and inference are performed using a Least Absolute 
Shrinkage and Selection Operator (LASSO) algorithm. The statistical model confirms 
a generalised  𝑁𝑂2   reduction due to the lockdown. Compared to the observed average 

variations, the estimated lockdown impacts are mitigated by meteorology and natural 
trends, while showing strong and significant reductions in urban and industrialised 
areas. 
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The analysis of the teaching efficiency plays a fundamental role for universities. 
This process can be measured by evaluating several aspects such as the successful 
completion of the studies by the students or the students/teacher’s ratios. Here, these 
two areas are investigated for the University of Catania by using two matrix variate 
datasets. Such data structure allows the simultaneously consideration of several 
variables measured over different years. To detect possible underlying group 
structures, and for mitigating overparameterizations issues, parsimonious matrix 
normal mixtures are fitted to the datasets. The results show the existence of different 
groups in the data, each having distinctive characteristics, providing than useful 
information for the university managers. 
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The study on fiscal fraud and tax evasion is a very complicated issue, due to the 
sensitive nature of the topic. In general, the respondents tend to underreport their 
practise on evasion when they are directly interviewed on a survey. In this paper we 
present an experimental online survey (n=350) where the respondents are 
interviewed on their perception on the fiscal frauds and on their propensity to evade 
taxes. The purpose is twofold: we firstly create an indicator on the gravity  
perception for fiscal frauds looking for socio-demographic differences. Secondly,  
we estimate the proportion of the tax evaders using the randomized response 
technique (Greenberg et al. 1969). 
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Fake news is not a new phenomenon, but the extent to which it can be reproduced  
on social networks is. When fake news is spoken about in various languages today, 
he realizes that phenomenon. The loss of centrality of the source and the possibility 
of "viralization" –another period term– often diminish the interest in the veracity of 
the news and the critical reading abilities to identify the false. To the extent that 
large proportions of the population are reported online, these issues have very direct 
political consequences, as seen in several recent events. 
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Since its outbreak in Wuhan city (China) in December 2019, the Corona Virus 

Disease (COVID-19) has spread widely throughout the world in a rapid and seemly 

uncontrolled way. 

At the very beginning of this pandemic event, the most affected countries, such as 

Italy, France, Germany and Spain, implemented a series of large-scale interventions 

to control the epidemic. For example, the strictest control measures were applied in 

Italy with a complete lockdown of the population on March 11th. 

Despite Hsiang et al. (2020) showed that this kind of interventions helped 

preventing or delaying around 530 million COVID-19 infections across several 

countries (China, France, Iran, Italy, South Korea, and USA), questions remain 

about the efficacy of these interventions. By using daily data on COVID-19 

confirmed deaths (see also Dergiades et al. 2020) for 117 European NUTS-2 

Regions, we propose a spatial clustering procedure of the time series to highlight 

areas of NUTS-2 regions showing similar government intervention and public health 

responses. Based on a set of features including, for example, the number and 

presence of changepoints (Bai and Perron, 2003), preliminary results suggest that, 

as expected, the detected phase changes differ among the NUTS-2 Regions with 

spatial patterns that change significantly between the first and last estimated 

changepoint. 

 
KEYWORDS: COVID-19, changepoints, spatial cluster analysis 
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In some real-world problems, data are inherently represented as a graph. Such data, 
which are commonly referred to as network data, arise in the context of social 
networks, scientific collaboration, spreading of infectious diseases, company 
structures, etc. In such networks, nodes generally represent instances or particular 
objects of interest while edges, represented in an adjacency matrix A, provide 
information about their relations. By means of their nodes and edges, a graphical 
structure provides an effective, compact, flexible, and comprehensible  
representation of large-scale complex data (Aggarwal, 2011). 

When dealing with large graphs, a wide variety of interesting applications of 
machine learning require the labelling of the nodes in the network. In fact, many of 
the major machine learning breakthroughs of the last decade have been catalysed by 
the release of labeled training datasets. Supervised learning approaches that use such 
datasets have thus increasingly become key building blocks of many classification 
tasks. For many real-world applications, however, large hand-labeled training sets 
do not exist, and are prohibitively expensive to create. 

In this work, we are concerned with the problem of creating labelled training sets 
from an existing network. A common assumption in statistical machine learning is 
that the training set are independently and identically distributed (i.i.d.) according to 
a specified distribution D. That is, every instance (node) in the domain set is 
sampled according to D and then labelled according to an assumed “correct” 
labelling function, f. Here, to improve the quality of the training set, we focus on 
optimal spatial sampling designs strategies. The notion of optimal design is intuitive 
and corresponds to the objective of choosing n nodes in the network in an optimal 
fashion. There are numerous design criteria, such as A- or D- or G-optimality that 
have been extensively studied in a variety of contexts (see, for example, Dodge et 
al., 1988). In these and many other criteria, the major downside is that the optimality 
criterion depends on the model chosen as well as on the computational complexity 
of the chosen objective function. To avoid these problems, we introduce a space- 
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filling sampling strategy with a fractal-based objective function (Di Zio et al., 2004) 
evaluated over the patterns of points found in the adjacency matrix A. We shall 
show that the proposed procedure is very flexible and that it ensures a uniform 
coverage of the nodes of the network by also allowing the inclusion “spatial” 
constraints on possible patterns. 

The procedure also easily adjusts to the case of semi-supervised learning where a 
set of seeds have to be selected. To showcase our method, we provide an example 
using Covid-19 twitter data to classify users opinions based on conspiracy theories. 

 
KEYWORDS: supervised classification, network analysis, optimal spatial sampling, space 

filling curves, fractal dimension. 
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Recent studies have suggested that air pollution is associated with an increased risk 

of COVID-19 infection or death (Villeneuve and Goldberg, 2020). Most of these 

studies are based on ecological regression (ER) analyses of areal spatial data that is 

routinely collected by health and environmental agencies. ER analyses aim to 

estimate the relationship between a response variable, such as the area-level count of 

COVID-19 cases or deaths, and an exposure variable, such as area-level averages of 

fine particle matters (PM2.5). These models fall in the well-known class of 

generalized linear mixed models (GLMM) for spatial data. To provide reliable 

estimates of the effect of pollution on health, confounding variables and spatially 

structured random effects are often included in this framework, which allows 

adjustment for both measured and unmeasured confounders. For a review on the 

statistical challenges of ER methods see Bruno et al., (2017). 

The main drawback of ER analyses is that inferences are made at the area-level, 

thus adjustment for individual-level confounding variables is not possible with these 

studies. For this reason, on the one hand ER is often seen as a valuable preliminary 

step before conducting individual-level studies that enable causal links to be 

investigated more accurately. On the other hand, ER can be very helpful to inform 

policy actions, often taken at the area-level, e.g. which populations/areas/social 

groups are to be prioritized in terms of resources allocation to prevent the spread of 

the pandemic. 

We will discuss methodological issues involved in ER modelling of the 

association between COVID-19 mortality and exposure to air pollution. Our focus 

will be on the challenges introduced by using spatially structured random effects in a 

GLMM framework, including spatial confounding bias (Page et al., 2017). The 

models described will be illustrated on freely available USA county-level data (Wu 

et al., 2020). 

 

KEYWORDS: 'areal data', 'Bayesian GLMM', 'spatial confounding', 'spatial 

modelling'. 
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