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Abstract

Generic Framework for the Multidimensional Processing and
Analysis of Social Media Content
A Proxemic Approach

In recent decades, significant growth and diversification in sources of User-Generated Content
(UGC) have been observed. Social media emerges as one of the primary sources of UGC, offering
numerous advantages over traditional data sources, such as affordability, vastness, and diversity
across various domains of application (for example, tourism, health, public policies). However, the
highly unstructured nature of social media posts introduces several challenges. The language
diversity and specificity of social media posts, characterized by features such as brevity, frequent
grammatical errors, and the use of special characters, combined with the substantial volume and
noisy nature of the data, make analyzing social media data a complex endeavour.

This thesis introduces a novel multilingual framework, the APs Framework, designed to
streamline the processing and analysis of social media data. This framework is generic in two aspects:
it can be applied across various social media platforms and is adaptable to different application
domains. The genericity of the application domain is supported by semantic representations of
domain knowledge (for example, through thesaurus or ontologies). The APs Framework aims
to provide domain-independent insights from social media to non-computer scientists, such as
stakeholders in various domains (for example, tourism offices in the tourism domain), thereby
enhancing their analytical capabilities. The APs Framework is structured into four phases: Collect,
Transform, Analyze, and Valorize.

In the Collect phase, a generic and iterative methodology for constructing thematic datasets
from social media is proposed. This approach seeks to mitigate the challenges of creating accurate
and representative datasets amidst the voluminous and noisy nature of social media. The objective
is to shift from ad hoc extraction techniques, prevalent in existing studies, to a more systematic,
semi-automatic process. This methodology incorporates human feedback at various stages and
utilizes both content-based and metadata-based filtering techniques, alongside semantic domain
descriptions, to offer a standardized and reusable method for thematic dataset building from
social media. The methodology was evaluated both qualitatively and quantitatively through the
development of an X/Twitter dataset focused on tourism in the Basque Country region.

The Transform phase tackles the challenge of converting multilingual, unstructured text data
into structured knowledge within a given application domain. It concentrates on three pivotal
knowledge extraction tasks: (1) Sentiment Analysis, (2) Named Entity Recognition (NER) for
Locations, and (3) Fine-grained Thematic Concept Extraction. Given the scarcity of multilingual
training resources in the tourism domain, the process of manually generating a novel annotated
training dataset for this domain is detailed. Subsequently, the thesis explores optimal strategies

for the multilingual analysis of social media content in tourism, comparing rule-based and deep
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learning-based approaches (including fine-tuning and prompting-based few-shot learning with
various language models). This exploration aims to identify the minimal number of annotated
examples necessary for achieving competitive results across these tasks, leveraging various training
techniques and language models. This phase addresses the challenge of minimizing manual
annotation efforts without compromising the results” quality, considering the time-consuming and
expensive nature of manual data annotation.

In the Analyze phase, we hypothesize that adapting the theory of proxemics, traditionally
applied in physical contexts, to social media could offer a novel approach to crafting meaningful,
domain-adaptable indicators for various end-users. The theory is formally redefined, leading
to the development of a modular and extensible proxemic data model. This model is capable
of representing social media entities and their interactions in a domain-independent manner.
Leveraging this model, ProxMetrics, a toolkit and formula for generating adaptable indicators from
social media is introduced. These indicators, conceptualized as proxemic similarity measures, span
multidimensional social media entities, including users, groups, places, themes, and temporal
periods. They are highly customizable, allowing for the adjustment of the five proxemic dimensions
(Distance, Identity, Location, Movement and Orientation) to address various domain requirements.
The toolkit and models underwent qualitative evaluations in collaboration with a local tourism
office to model and address various local touristic requirements.

Finally, the Valorize phase addresses the challenge of presenting social media indicators and
analyses to non-computer scientist users, such as domain stakeholders, in an accessible and
domain-independent manner. To this end, TextBl, a multimodal generic dashboard, is proposed.
This tool is designed to display multidimensional annotations and indicators over volumes of
multilingual social media data, focusing on four core dimensions: spatial, temporal, thematic,
and personal, while also accommodating additional enrichment data, such as sentiment and
engagement. The dashboard offers various visualization modes, including frequency, movement,
association and, proxemics, combining features from Business Intelligence (interactivity, combined
filtering, synchronization of visuals), Geographical Information Systems (spatial view at multiple
granularities), and Linguistic Information Visualization tools (text-based analyses). Unlike most
existing dashboards, it is generic to operate across different domains, provided the data adheres to
the specified data model. The effectiveness of this dashboard was validated in the tourism domain
through evaluations conducted by tourism offices, assessing its applicability and relevance.

The framework’s twofold genericity (application domain and data source) is demonstrated
through the application of each phase in another domain of application: local public policies,
leveraging data from municipality review platforms.
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Résumé

Cadre Générique pour le Traitement et ’Analyse
Multidimensionnelle des Réseaux Sociaux

Une Approche Proxémique

Au cours des derniéres décennies, nous avons constaté une expansion significative ainsi qu'une
diversification des sources de Contenu Généré par les Utilisateurs (CGU). Les plateformes de
réseaux sociaux se distinguent comme une des principales sources de ce type de contenu, présentant
plusieurs avantages par rapport aux sources traditionnelles de données, tels que 1’accessibilité,
la quantité et la variété des données disponibles, et ce, dans des domaines d’application aussi
riches que variés comme, par exemple, le tourisme, la santé et les politiques publiques. Toutefois, le
caractere fortement non structuré des publications sur les réseaux sociaux souléve de nombreux
défis. La diversité linguistique et la spécificité des publications, marquées par des éléments tels
que la concision, les erreurs grammaticales fréquentes et I'emploi de caractéres spéciaux, en plus
du volume considérable et du caractére bruité des données, compliquent ’analyse des données
issues des réseaux sociaux.

Cette these introduit un nouveau cadre de travail (framework) multilingue, le framework APs,
congu pour simplifier le traitement et I'analyse des données des réseaux sociaux. Ce framework
est générique sur deux aspects : il peut étre appliqué a différentes plateformes de réseaux
sociaux et est adaptable a différents domaines d’application. La généricité du framework a des
domaines d’application variés est permise grace a l'utilisation de représentations sémantiques des
connaissances du domaine (par exemple, a travers des thésaurus ou des ontologies). Le framework
APs vise a extraire des connaissances de maniéere indépendante du domaine a partir des réseaux
sociaux pour des utilisateurs finaux non-informaticiens, tels que les parties prenantes dans divers
domaines (par exemple, les offices de tourisme dans le domaine du tourisme), enrichissant ainsi
leurs processus d’analyse. Le framework est structuré en quatre phases : Collecte, Transformation,
Analyse, et Valorisation

Dans la phase de Collecte, une méthodologie générique et itérative pour la construction de
jeux de données thématiques a partir des réseaux sociaux est proposée. Cette méthodologie vise
a surmonter les difficultés liées a la création de jeux de données a la fois précis et exhaustifs,
dans le contexte volumineux et saturé de bruit des réseaux sociaux. Elle aspire a évoluer, de
techniques d’extraction ad hoc, prévalentes dans les travaux existants, vers un processus formel
semi-automatique. Cette méthodologie incorpore des boucles de retours humains a divers stades
et combine a la fois des techniques de filtrage basées sur le contenu et sur les métadonnées, en lien
avec des descriptions sémantiques des domaines. Le but est d’offrir une méthode standardisée et
réutilisable pour la construction de jeux de données thématiques a partir des réseaux sociaux. La
méthodologie a été évaluée a la fois qualitativement et quantitativement a travers le développement

d’un jeu de données X/ Twitter axé sur le tourisme au Pays Basque.



La phase de Transformation aborde le défi de transformer des données textuelles multilingues
et non structurées en connaissances structurées applicables a un domaine spécifique. Cette
étape se concentre sur trois taches récurrentes d’extraction de connaissances : (1) I’analyse
des sentiments, (2) la reconnaissance d’entités nommées, spécifiquement pour les lieux, et
(3) I'extraction fine de concepts thématiques. Face a la pénurie de ressources d’entrainement
multilingues, spécialement dans le secteur du tourisme, nous présentons la création d’un nouveau
jeu de données d’entrainement annoté pour ce domaine. Ensuite, la these examine les stratégies
les plus efficaces pour 1’analyse multilingue du contenu sur les réseaux sociaux dans le domaine
du tourisme, en comparant des méthodes basées sur des regles et I’apprentissage automatique, y
compris 'apprentissage par transfert (fine-tuning) et I'apprentissage en peu d’exemples (few-shot)
avec différents modéles de langage. Cette étude comparative cherche a déterminer le nombre
minimal d’exemples annotés requis pour obtenir des performances optimales dans ces trois taches,
en utilisant diverses techniques d’entrainement et modeles de langage. L'objectif est de réduire au
maximum les efforts d’annotation manuelle (un processus souvent long et chronophage) tout en
préservant la qualité des résultats.

Dans la phase d’Analyse, nous explorons 'idée d’adapter la théorie de la proxémique, initialement
congue pour les interactions dans des espaces physiques, a l'univers des réseaux sociaux. Cette
adaptation vise a proposer une nouvelle méthode pour élaborer des indicateurs pertinents et
universels pour des utilisateurs finaux dans divers domaines. La théorie est donc redéfinie dans
ce nouveau contexte, ce qui conduit a la création d’un modele de données proxémique, a la fois
modulaire et extensible. Ce modeéle est congu pour représenter les entités sur les réseaux sociaux
et leurs interactions de maniere générique, sans se limiter a un domaine d’application spécifique.
Grace a ce modeéle, nous introduisons ProxMetrics, un ensemble d’outils et une formule permettant
de créer des indicateurs flexibles basés sur les données des réseaux sociaux. Ces indicateurs,
exprimés comme des mesures de similarité proxémique, couvrent des entités multidimensionnelles,
comme les utilisateurs, les groupes, les lieux, les thémes et les périodes temporelles. Ils offrent
une grande personnalisation, facilitant ’ajustement des cinq dimensions proxémiques (Distance,
Identité, Localisation, Mouvement et Orientation) selon les besoins de chaque domaine. L'utilité
de cet ensemble d’outils et de modeéles a été étudiée qualitativement en collaboration avec un office
de tourisme local, démontrant leur capacité a modéliser et a adresser diverses demandes liées au
tourisme.

Enfin, la phase de Valorisation a pour objectif de rendre les indicateurs calculés précédemment et
les analyses issues des réseaux sociaux accessibles a des utilisateurs non spécialisés en informatique,
tels que les parties prenantes d"'un domaine, de maniére facilement compréhensible et adaptable a
divers domaines. A cette fin, TextBI, un tableau de bord générique et multidimensionnel, est proposé.
Cet outil est congu pour visualiser des annotations et des indicateurs multidimensionnels sur des
jeux de données multilingues provenant des réseaux sociaux. Il se focalise sur quatre dimensions
génériques d’analyse : spatiale, temporelle, thématique et personnelle. Il permet également
I'intégration de données d’enrichissement supplémentaires, comme le sentiment ou l'engagement.
Ce tableau de bord propose divers modes de visualisation, incluant les fréquences, les mouvements
et les associations ou encore la proxémique. TextBI associe des caractéristiques de plusieurs types
d’outil comme la Business Intelligence (interactivité, filtres multiples, synchronisation des visuels),

les systemes d’information géographique (vue spatiale a multiples granularités) et les outils de
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visualisation linguistique (analyses basées sur du texte). Contrairement a la plupart des tableaux
de bord existants dans divers domaines, il est polyvalent et fonctionne dans différents domaines, a
condition que les données utilisées respectent notre modele de données proxémique. Ce tableau
de bord a été évalué dans le domaine du tourisme avec plusieurs offices de tourisme.

La double généricité (domaine d’application et source de données) du framework est ensuite
démontrée par 'application de chacune de ses phases dans un autre domaine : les politiques
publiques locales, en exploitant des données provenant de sites web d’avis de villes.
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Resumen

Marco Genérico para el Procesamiento y Anélisis
Multidimensional de Contenido de Redes Sociales

Un Enfoque Proxémico

En las tltimas décadas, hemos sido testigos de una expansion significativa, asi como de una
diversificacién de las fuentes de Contenido Generado por los Usuarios (CGU). Las plataformas de
redes sociales se destacan como una de las principales fuentes de este tipo de contenido, ofreciendo
varias ventajas sobre las fuentes tradicionales de datos, tales como la accesibilidad, la cantidad y
la variedad de los datos disponibles, en 4reas de aplicacién tan ricas como variadas, como, por
ejemplo, el turismo, la salud y las politicas piiblicas. Sin embargo, el cardcter altamente no estructurado
de las publicaciones en las redes sociales plantea numerosos desafios. La diversidad lingiiistica
y la especificidad de las publicaciones, marcadas por elementos como la concisién, los errores
gramaticales frecuentes y el uso de caracteres especiales, ademas del volumen considerable y el
carécter ruidoso de los datos, complican el anélisis de los datos provenientes de las redes sociales.

Esta tesis introduce un nuevo marco de trabajo multilingiie, el marco de trabajo APs, disefiado
para simplificar el procesamiento y anélisis de los datos de las redes sociales. Este marco es genérico
en dos aspectos: puede ser aplicado a diferentes plataformas de redes sociales y es adaptable a
diferentes areas de aplicacion. La genericidad del marco a diversas dreas de aplicacion es posible
gracias al uso de representaciones seménticas del conocimiento del dominio (por ejemplo, a través
de tesauros u ontologias). El marco de trabajo APs tiene como objetivo extraer conocimientos de
manera independiente del dominio a partir de las redes sociales para usuarios finales no expertos
en informatica, tales como las partes interesadas en diversos campos (por ejemplo, oficinas de
turismo en el &mbito del turismo), enriqueciendo asi sus procesos de andlisis. El marco esta
estructurado en cuatro fases: Recoleccion, Transformacion, Andlisis y Valorizacion.

En la fase de Recoleccién, se propone una metodologia genérica e iterativa para la construccién
de conjuntos de datos temadticos a partir de las redes sociales. Esta metodologia busca superar las
dificultades relacionadas con la creacién de conjuntos de datos tanto precisos como exhaustivos, en
el contexto voluminoso y saturado de ruido de las redes sociales. Aspira a evolucionar de técnicas
de extraccion ad hoc, prevalentes en los trabajos existentes, hacia un proceso formal semiautomatico.
Esta metodologia incorpora bucles de retroalimentacién humana en varios estados y combina
técnicas de filtrado basadas en el contenido y en los metadatos, en relacién con descripciones
semdnticas de los dominios. El objetivo es ofrecer un método estandarizado y reutilizable para la
construccién de conjuntos de datos temédticos a partir de las redes sociales. La metodologia ha sido
evaluada tanto cualitativa como cuantitativamente a través del desarrollo de un conjunto de datos
X/Twitter centrado en el turismo en el Pais Vasco.

La fase de Transformacion aborda el desafio de transformar datos textuales multilingiies y no

estructurados en conocimientos estructurados aplicables a un dominio especifico. Esta etapa se
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centra en tres tareas recurrentes de extraccién de conocimientos: (1) analisis de sentimientos, (2)
reconocimiento de entidades nombradas, especificamente para lugares, y (3) extracciéon detallada
de conceptos teméticos. Ante la escasez de recursos de entrenamiento multilingiies, especialmente
en el sector del turismo, presentamos la creacién de un nuevo conjunto de datos de entrenamiento
anotado para este dominio. A continuacion, la tesis examina las estrategias mads efectivas para el
andlisis multilingtie de contenido en redes sociales en el &mbito del turismo, comparando métodos
basados en reglas y aprendizaje automético, incluyendo el ajuste fino y el aprendizaje few-shot con
diferentes modelos de lenguaje. Este estudio comparativo busca determinar el niimero minimo de
ejemplos anotados requeridos para obtener un rendimiento 6ptimo en estas tres tareas, utilizando
diversas técnicas de entrenamiento y modelos de lenguaje. El objetivo es minimizar los esfuerzos
de anotacién manual (un proceso a menudo largo y tedioso) mientras se preserva la calidad de los
resultados.

En la fase de Anilisis, exploramos la idea de adaptar la teoria de la proxémica, inicialmente
concebida para las interacciones en espacios fisicos, al universo de las redes sociales. Esta
adaptacion busca proponer un nuevo método para elaborar indicadores relevantes y universales
para usuarios finales en diversos dominios. La teoria se redefine, por tanto, en este nuevo contexto,
lo que conduce a la creacién de un modelo de datos proxémico, modular y extensible. Este modelo
esta disefiado para representar las entidades en las redes sociales y sus interacciones de manera
genérica, sin limitarse a un dominio de aplicacién especifico. Mediante este modelo, introducimos
ProxMetrics, un conjunto de herramientas y una férmula que permite crear indicadores flexibles
basados en datos de redes sociales. Estos indicadores, expresados como medidas de similitud
proxémica, abarcan entidades multidimensionales, como los usuarios, grupos, lugares, temas
y periodos temporales. Ofrecen una gran personalizacién, facilitando el ajuste de las cinco
dimensiones proxémicas (Distancia, Identidad, Localizacién, Movimiento y Orientacién) segtn las
necesidades de cada dominio. La utilidad de este conjunto de herramientas y modelos se validé
cualitativamente en colaboracién con una oficina de turismo local, demostrando su capacidad para
modelar y abordar diversas solicitudes relacionadas con el turismo.

Finalmente, la fase de Valorizacion aborda el desafio de hacer accesibles los indicadores
calculados previamente y los andlisis derivados de las redes sociales a usuarios no especializados
en informaética, tales como las partes interesadas de un dominio, de manera facilmente comprensible
y adaptable a diversos dominios. Con este fin, se propone TextBI, un tablero de control genérico
y multidimensional. Esta herramienta estd disefiada para visualizar anotaciones e indicadores
multidimensionales sobre conjuntos de datos multilingiies provenientes de las redes sociales.
Se centra en cuatro dimensiones genéricas de anélisis: espacial, temporal, tematica y personal.
También permite la integracién de datos de enriquecimiento adicionales, como el sentimiento
o el compromiso. Este tablero ofrece varios modos de visualizacién, incluyendo frecuencias,
movimientos y asociaciones o proxémica. TextBI combina caracteristicas de varios tipos de
herramientas, como la Business Intelligence (interactividad, sincronizacién de visuales), los
sistemas de informacién geogréfica (vista espacial a multiples granularidades) y las herramientas
de visualizacién del lenguaje (anélisis basados en texto). A diferencia de la mayoria de los tableros
de control existentes en varios dominios, es versatil y funciona en diferentes dominios, siempre que
los datos utilizados se adhieran a nuestro modelo de datos proxémico. Este tablero fue evaluado
en el &mbito del turismo con varias oficinas de turismo.



La doble genericidad (4rea de aplicacién y fuente de datos) del marco de trabajo se demuestra
luego aplicando cada una de sus fases en otro dominio: las politicas piiblicas, explotando datos

provenientes de sitios web de resefias de ciudades.
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Laburpena

Sare Sozialen Analisi eta Prozesamendu
Multidimentsionalerako Marko Orokorra

Hurbiltasun-Ikuspegi bat

Azken hamarkadetan, Erabiltzaileek Sortutako Edukiaren (ESE) iturrien hedapen eta dibertsi-
fikazio nabarmena ikusi dugu. Sare sozialen plataformak eduki mota honen iturri nagusietako bat
bezala nabarmentzen dira, datuen iturri tradizionalen aldean hainbat abantaila eskainiz, hala nola
irisgarritasuna, datuen kopurua eta eskuragarri dauden datuen aniztasuna, turismoa, osasuna
eta politika publikoak bezalako aplikazio-eremu aberats eta anitzetan. Hala ere, sare sozialen
argitalpenen izaera oso egituratu gabekoak hainbat erronka planteatzen ditu. Argitalpenen anizta-
sun linguistikoa eta berezitasuna, laburtasuna, maizko gramatika-akatsak eta karaktere berezien
erabilera bezalako elementuekin markatuta, datu-bolumen handia eta zarata-maila kontuan hartuta,
sare sozialetatik datozen datuen analisia konplikatzen dute.

Tesi honek sare sozialen datuen prozesamendua eta analisia errazteko diseinatutako marko
orokor berri bat, APs Framework, aurkezten du. Marko hau bi alderditan orokorra da: sare sozialen
plataformetara eta aplikazio-eremu desberdinetara aplika daiteke. Aplikazio-eremu anitzetara
markoaren orokortasuna, besteak beste, ezagutza-eremuko ordezkaritza semantikoak erabiliz
(adibidez, tesaurus edo ontologiak bidez) lortzen da. APs Frameworkek sare sozialetatik domeinu-
independenteko ezagutzak erauztea du helburu, informatikariak ez diren erabiltzaileentzat, hala
nola turismo-bulegoetako eragileentzat turismoaren arloan, haien analisi-prozesuak aberastuz.
Markoa lau faseetan egituratuta dago: Bilketa, Transformazioa, Analisiak, eta Balioztatzea

Bilketa fasean, sare sozialetatik datu multzo tematikoak eraikitzeko metodologia orokor eta
iteratibo bat proposatzen da. Metodologia honek sare sozialen testuinguru zaratu eta handian
zehatzak eta exhaustiboak diren datu multzoak sortzeko zailtasunei aurre egitea du helburu.
Ad hoc ateratze-tekniketatik prozesu formal semi-automatiko batera eboluzionatzea asmo du.
Metodologia honek etapa desberdinetan giza-feedback zikloak txertatzen ditu eta edukiaren
eta metadatuen oinarritutako iragazketa-teknikak konbinatzen ditu, domeinuen deskribapen
semantikoekin lotuta. Datu multzo tematikoak sortzeko metodo estandarizatu eta berrerabilgarri
bat eskaintzea da helburua. Metodologia hau kalitatezko eta kantitatezko ebaluazio batetik igaro
da, Euskal Herrian turismoari buruzko X/Twitter datu multzo bat garatuz.

Transformazioa faseak hizkuntza anitzeko eta egituratu gabeko testu-datuak domeinu zehatz
bateko ezagutza egituratura bihurtzeko erronkari aurre egiten dio. Etapa honek ezagutza ateratzeko
hiru zeregin errepikakorretan zentratzen da: (1) sentimenduen analisia, (2) izen bereko entitateen
aitorpena, bereziki lekuak, eta (3) kontzeptu tematiko zehatzen ateratzea. Hizkuntza anitzetarako
prestakuntza-baliabideen eskasiari aurre eginez, batez ere turismoaren sektorean, turismoaren
arloan zehazki etiketatutako prestakuntza-datu multzo berri bat sortzen dugu. Ondoren, tesiak

sare sozialetako edukien analisi hizkuntza anitzeko estrategiarik eraginkorrenak aztertzen ditu

xiil



turismoaren arloan, arauetan oinarritutako metodoak eta ikaskuntza automatikoa, hala nola fine-
tuning eta few-shot ikaskuntza, hizkuntza eredu desberdinekin konparatuz. Ikerketa konparatibo
hau hiru zeregin hauetan emaitza onenak lortzeko beharrezkoak diren adibide etiketatuen
gutxieneko kopurua zehazten saiatzen da, entrenamendu-teknika eta hizkuntza-eredu desberdinak
erabiliz. Helburua da eskuzko etiketatze-lanak (prozesu luze eta denbora-eragilea sarritan) ahalik
eta gehien murriztea, emaitzen kalitatea mantenduz.

Analisi fasean, espazio fisikoetako elkarreraginetarako hasiera batean diseinatutako proxemika
teoria sare sozialetako unibertsora egokitzea proposatzen dugu. Egokitzapen hau domeinu
desberdinetako erabiltzaile amaierentzako adierazle errelevantziaz eta unibertsalez metodologia
berri bat garatzeko asmoarekin egiten da. Beraz, teoria testuinguru berri honetan berriz definitzen
da, datu proxemiko eredu bat sortuz, modulagarria eta hedagarria dena. Eredu hau sare sozialetako
entitateak eta haien elkarreraginak modu generikoan irudikatzeko diseinatuta dago, aplikazio-
eremu zehatz bati mugatu gabe. Eredu honi esker, ProxMetrics tresna-multzo bat eta sare sozialetako
datuetan oinarritutako adierazle malguak sortzeko formula bat sartzen ditugu. Adierazle hauek,
proxemika antzekotasun-neurri gisa adierazita, erabiltzaileak, taldeak, lekuak, gaiak eta denbora-
aldiak bezalako entitate multidimentsionalak estaltzen dituzte. Pertsonalizazio handia eskaintzen
dute, bost proxemika dimentsioak (Distantzia, Identitatea, Kokapena, Mugimendua eta Orientazioa)
eremuko beharretara egokituz. Tresna-multzoaren eta ereduen erabilgarritasuna kalitatezko
lankidetzan ebaluatu da tokiko turismo-bulego batekin, turismoarekin lotutako eskakizun anitzak
modelatzen eta helburutzat dituzten gaitasuna erakutsiz.

Azkenik, Balioztatze faseak aurretik kalkulatutako adierazleak eta sare sozialetatik ateratako
analisiak informatikariak ez diren erabiltzaileentzako, hala nola domeinuko parte-hartzaileentzat,
modu erraz ulergarrian eta domeinu desberdinetara egokitu daitekeen moduan eskuragarri
jartzearen erronkari aurre egiten dio. Helburu horrekin, TextBI, mahaigaineko tresna generiko eta
multidimentsional bat proposatzen da. Tresna hau sare sozialetatik datozen datu multilingueetako
anotazioak eta adierazle multidimentsionalak bistaratzeko diseinatuta dago. Lau dimentsio
generikoetan arreta jartzen du analisian: espaziala, denborala, tematikoa eta pertsonala. Gainera,
sentimendu edo inplikazio moduko datu osagarriak integratzeko aukera eskaintzen du. Mahaigain
honek bistaratze-modu desberdinak proposatzen ditu, hala nola maiztasunak, mugimenduak
eta elkarteak edo proxemika. TextBI Business Intelligence tresnen (interaktibitatea, bistaratzeen
sinkronizazioa), informazio geografikoaren sistemak (espazio-ikuspegi anitzeko granularitateak)
eta bisualizazio linguistikorako tresnak (testuan oinarritutako analisiak) ezaugarriak biltzen ditu.
Beste mahaigain batzuen aldean, domeinu desberdinetan funtzionatu dezake, erabilitako datuek
gure datu proxemiko ereduari jarraitzen badiote. Mahaigain hau turismoaren arloan hainbat
turismo-bulegorekin ebaluatu da.

Markoaren bikoitza orokortasuna (aplikazio-eremua eta datu-iturria) beste eremu batean
erakusten da: politika publikoak, hirien iritzien webguneetako datuak erabiliz, bere fase bakoitza
aplikatuz.
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Chapter 1

Introduction

“We shape our tools and thereafter our tools shape us.”
— Marshall McLuhan, Canadian Philosopher

In this first chapter, we begin by outlining the general context of the thesis, focusing on our
data sources of interest: user-generated content (Section 1.1) and social media (Section 1.2). We
discuss the increasing importance of these sources for analyzing and understanding behaviors and
phenomena across various application domains, along with the associated difficulties. To illustrate
this point, we introduce a motivating scenario in the tourism domain (Section 1.3). Next, we outline
the core objectives of the thesis and describe the associated research challenges and hypotheses
(Section 1.4). We then briefly highlight our contributions and the publications that validate them
(Section 1.5), positioning these contributions within a generic social media processing and analysis

framework. Finally, we provide an overview of the organization of this manuscript (Section 1.6).

1.1 Web 2.0 and the Rise of User-Generated Content

In recent decades, we have witnessed significant growth and diversification in sources of user-
generated data. User-Generated Content (UGC), which comes from individuals who voluntarily
contribute to the community (Krumm et al., 2008), can take various forms, such as text, pictures,
audio, video, or interactive content, originating from a wide variety of sources. With the advent of
Web 2.0t (O'reilly, 2009), the web has become more interactive and collaborative, hosting these
diverse sources. They range from traditional social media platforms, like X/Twitter and Facebook,
to more specialized ones, such as Foursquare, review sites like TripAdvisor and Google Reviews, as
well as discussion forums, blogs, and video sharing websites. Today, internet users do not only
consume but also produce and actively share their content. Similarly, platform operators no longer
create content themselves but provide the tools for users to do so (Naab and Sehl, 2017). In this
thesis, we focus on text-based user-generated content, which continues to be the most common
form of user-generated content to date.

User-generated content has become highly beneficial for both researchers and businesses
(Moens et al., 2014), acting as a major source of data for analyzing online trends and behaviors.

This wealth of information is crucial for understanding consumer preferences, market trends, and

IThe second generation of the World Wide Web, characterized by greater user interactivity, transforming the Web
from a collection of static websites into a dynamic and interactive platform.
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broader societal issues. By analyzing user-generated content, organizations can gain immediate
feedback and insights, monitor shifts in public sentiment, and identify new trends in online
interaction. This information is valuable for making informed strategic decisions, developing
products, and crafting marketing strategies, providing an advantage in rapidly changing markets.
For researchers, user-generated content offers a unique perspective for studying human behavior
in the digital age, contributing to various academic disciplines, including social sciences (Han
et al., 2018). Overall, leveraging user-generated content is becoming key to generating innovative
insights.

1.2 The Case of Social Media

Social media, also known as social networks, has been one of the most prominent sources of
user-generated content over the past decades. There are many definitions of social media, but a
widely accepted one is the following, from the dictionary Merriam-Webster?:

“Forms of electronic communication through which users create online communities to share information,
ideas, personal messages, and other content.”

To illustrate the growing influence of social media, in 2018, Facebook had more than 2 billion
active users. Nearly half (48.3%) of the world’s population was using social media in 2020, a figure
expected to climb to 56.7% by 2025 (Rogers et al., 2021). This includes about 89% of young people
in OECD countries® who were engaged in social networking online (Roser et al., 2015). The volume
of content generated daily on social media platforms is also growing rapidly, with around 500
million X tweets, 216 million Facebook messages, and 500 million Instagram stories issued daily
(Rogers et al., 2021; Statista, 2024).

Facebook

2 billion
YouTube
1.5 billion
Whatsapp
1 billion WeChat
Instagram
Tumblr
500 million TikTok
/ Reddit
- Twitter
7 Pinterest
/’/ _// Snapchat
0 e MySpace
2004 2006 2008 2010 2012 2014 2016 2018

Figure 1.1: Number of People Using Social Media Platforms, 2004 to 2018 — Source: Our World In
Data, CC BY

2https://www.merriam-webster.com
30rganization for Economic Co-operation and Development
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1.2 The Case of Social Media

Social media have thus become an essential resource for analyzing behaviors across a wide
variety of topics. As shown in Figure 1.1, the number of social media users has grown exponentially
in the last two decades, making it one of the largest sources of user-generated content. In this
thesis, our primary focus will be on user-generated content sourced from social media platforms,
though our work could apply to other types of user-generated content too.

The exponential growth in social media use, as shown above, not only highlights their
significance in modern communication but also underscores their important role in gaining
insights into people’s behaviors. Let’s now highlight the various advantages offered by user-
generated content on these platforms for both scientists and businesses. Indeed, user-generated

content from social media presents numerous advantages over traditional data sources:

* Ease of access and affordability: the relative ease of access significantly reduces reliance on
expensive commercial datasets or the requirement for time-consuming data collection efforts.
Much of this content is available at reduced costs and can be readily accessed, eliminating

the barrier of high expenses traditionally associated with acquiring data for analysis.

* Diversity: the diversity of user-generated data from social media spans a wide array of
application domains, including but not limited to tourism, politics, and fashion. This variety
ensures that researchers and businesses can find relevant data across multiple domains of

interest, enhancing the breadth and depth of their analyses.

* Massiveness: social media platforms usually contain massive amounts of data. This vast
quantity of data, while beneficial, introduces its own set of difficulties. Managing and
processing enormous volumes of data to extract meaningful insights requires sophisticated

tools and techniques.

 Freshness: social media platforms are predominantly instantaneous and live, with low latency.
New data is posted constantly by users, ensuring that the data remains mostly up-to-date.

Thanks to these numerous advantages, social media have emerged as pivotal tools for gaining
insights across a vast array of application domains. Now, let’s explore some examples to underscore

the critical role of social media data sources in our perpetually connected world.

1.2.1 Impact of Social Media Analyses in Various Application Domains

As mentioned previously, one of the advantages of social media data is their diversity, allowing
them to be leveraged to analyze a wide variety of application domains. Additionally, user-generated
content on social media is mostly multimodal, comprising both textual content and multimedia,
which enables its use in various applications. Let’s take an overview of how social media data has

been used in four different domains of application over the last decade.

Marketing and Consumer Research

In marketing and consumer research, social media platforms have been used for understanding
consumer engagement (Barger et al., 2016), brand perception (Yu and Yuan, 2019), or emerging
trends for advertising purpose (Wright et al., 2010). Companies use social media analytics to

monitor brand mentions, sentiment analysis, and consumer feedback, allowing for more targeted
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and effective marketing strategies (Alalwan et al., 2017). The live aspect of social media enables
companies to quickly identify and respond to consumer trends, adjusting their approaches in
real-time to stay competitive in the market (Dey et al., 2011).

Public Health and Epidemiology

In public health and epidemiology, social media have become a crucial tool, especially evident
during the Covid-19 pandemic (Goel and Gupta, 2020; Tsao et al., 2021). Health organizations
and researchers use social media to track disease spread (Sadilek et al., 2012), misinformation
(Suarez-Lledo and Alvarez-Galvez, 2021), and public sentiment towards public health measures
and vaccinations (Venegas-Vera et al., 2020). This real-time data assists in predicting potential
outbreaks, understanding public concerns, and disseminating accurate health information to

combat misinformation.

Political Science and Public Opinion

Social media are a powerful source of data for political scientists and policymakers to gauge
public opinion (McGregor, 2019), political sentiment (Mejova et al., 2013), and the popularity of
policies or political figures (Gainous and Wagner, 2014). Through the analysis of social media data,
researchers can identify trends in political discourse (Garimella et al., 2018), public engagement
with political events such as elections (Chauhan et al., 2021), and the spread of political ideologies.
This is valuable for political campaign strategies (Bello et al., 2019), public policies” formulation
(Azzone, 2018), and understanding electoral dynamics (Anstead and O’Loughlin, 2015).

Environmental Science

Environmental scientists use social media to monitor changes in the environment and wildlife
(Bergman et al., 2022), often relying on crowdsourced data (Walker et al., 2019). Social media
posts can provide early warnings of environmental hazards, such as wildfires (Slavkovikj et al.,
2014) or pollution (Zheng et al., 2019), and contribute to biodiversity monitoring (Di Minin et al.,
2015) through citizen science projects. This approach allows for a wider geographic coverage and
engagement with the public in environmental conservation efforts.

The domain of tourism also heavily leverages social media data. As it is the main application of
our work, we will go into more detail on this domain later (refer to Subsection 1.3.2).

Here, we have highlighted the extensive role of social media across various application domains,
illustrating the diverse insights that can be gleaned from social media data. However, the volume,
complexity, and unstructured nature of user-generated content pose significant challenges in
processing and analyzing this data, leading us to the next discussion on the obstacles encountered

in processing and analyzing social media data.

1.2.2 Main Difficulties in Social Media Processing and Analytics

As observed, social media platforms serve as a critical source of insights for various domain-specific
applications, ranging from marketing to public health surveillance and political science. However,
the analysis of vast social media datasets comes with various challenges. The unique nature of
social media content presents multiple difficulties that researchers and analysts must overcome

to extract meaningful information. It is important to note that in this work, our focus will be on



1.2 The Case of Social Media

text-based content and associated metadata, excluding multimedia content from our analysis. We
have identified several key challenges when handling text-based social media data.

Extracting Knowledge from Unstructured Data

One of the primary difficulties in social media analytics arises from the coexistence of two inherently
different types of data on these platforms: structured and unstructured data (Baars and Kemper, 2008).
Structured data typically comprises post or profile metadata, such as geotags, author information,
and engagement metrics. In contrast, unstructured data mostly consists of the content of the posts
themselves, often in the form of raw text (Rout et al., 2018). Unlike the organized information
obtained through structured surveys or databases, social media posts, predominantly text-based,
lack a consistent format across platforms (Gundecha and Liu, 2012). This lack of uniformity presents
a significant obstacle to analysis, as it prevents the content from being seamlessly integrated into
predefined analytical processes or models, for example, business intelligence platforms (Wittwer
et al., 2017) or geographic information systems (Sui and Goodchild, 2011).

Brevity of Text and Informal Language

Social media posts are usually brief, which can significantly limit the amount of context and detail
available for analysis (Jiang et al., 2022). This conciseness often results in ambiguity, as the posts
may lack sufficient information to accurately determine the user’s intent, sentiment, or the full
scope of the message being conveyed. Additionally, the brevity of social media posts often limits
the context available for analysis, making it difficult to interpret without additional contextual
information. The informal language prevalent in social media, including slang, colloquialisms,
and abbreviations, adds another layer of complexity to text analysis (Maylawati et al., 2018).
This informal use of language, which varies widely between communities, presents a significant
challenge for developing universal tools for Sentiment Analysis or Content Categorization that rely
on standard language processing (Lo et al., 2017).

Spelling and Punctuation Errors, Special Characters

Social media’s richness in non-textual elements such as emojis (Hasyim, 2019), hashtags (Gerrard,
2018), and URLs (Cao and Caverlee, 2015) introduces unique interpretative challenges. These
elements, while significant in conveying meaning or sentiment, are difficult to process using
traditional text analysis tools. Emojis, for example, express a wide range of emotions and reactions
not easily captured through text alone, and hashtags can provide insights into trends but may also
be ambiguous or used ironically (Reyes et al., 2012). The casual nature of social media writing
often leads to posts that are rife with spelling and punctuation errors (Clark and Araki, 2011). This
disregard for grammatical norms complicates Natural Language Processing (NLP) techniques
(Ashraf et al., 2021), which typically rely on correct spelling and grammar to parse and understand
text accurately.

Language Diversity (Multilingualism)

The multilingual nature of social media, with users contributing content in various languages
and dialects from around the world, requires the use of sophisticated, multilingual NLP tools
(Agtiero-Torales et al., 2021). This diversity poses significant barriers to comprehensive analysis, as
analysts must be prepared to process and understand a multitude of languages.
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Data Volume and Diversity

The huge volume of social media posts generated daily presents a daunting challenge in filtering
through the noise to isolate relevant data (Stieglitz et al., 2018). The vast amount of content includes
a significant proportion of irrelevant or low-quality posts (Jiang et al., 2022), necessitating efficient
filtering mechanisms to identify data of interest. Furthermore, social media posts encompass a
wide range of topics.

1.3 Thesis Context

We will now explore how this thesis is positioned within the field of social media analysis, and

identify the specific aspects it aims to address.

1.3.1 The APs Project

This thesis is part of the APs Project. The APs Project (standing for Augmented Proxemic services) is
a cross-border French-Spanish project funded by the urban community of Pau Béarn Pyrénées* and
E2S (Energy Environment Solutions) UPPAS. This project aims to develop a suite of tools dedicated
to processing and analyzing social media data within a specific applic