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Abstract 
The use of new technologies and the number of users of 
university online learning systems have spread around the world 
in the last decades, showing a further increase with the spread 
of the Covid-19 pandemic since 2020. Additionally, ISO 9241-
210:2019 sets international quality standards for designing 
human-computer interaction products, services, and systems 
that meet usability, accessibility, and User eXperience (UX) 
requirements. Therefore, the concept of UX has become very 
important as a quality requirement. For several authors, UX is a 
multidimensional concept that includes the motivations, feelings, 
and needs of end users. On the other hand, the United Nations’ 
(UN) Sustainable Development Goal (SDG) 4 for 2030 aims to 
ensure inclusive, equitable, quality education for all globally. In 
this sense, in order to design interfaces and learning experiences 
in university environments that respect all quality specifications, 
it is necessary to evaluate the user experience of these 
environments automatically and accurately beforehand. Thus, 
the main objective of this thesis is to identify the most relevant 
specific characteristics in the user experience of university e-
learning environments that allow specific and automatic analysis 
of the students' feelings in order to lay the foundations for the 
design of user-centered e-learning platforms. To this end, the 
study proposes to analyse the needs and feelings of online 
university students with digital, advanced, and efficient artificial 
intelligence methods. Therefore, this project investigates the 
application of machine learning models of sentiment analysis for 
the evaluation of user experience. These artificial intelligence 
techniques have been applied to the responses received from 
more than 2,000 university students surveyed from postgraduate 
online studies and massive open online courses (MOOCs). The 
results present the basis of a model that allows ontologically 
classifying categories or aspects of university online education 
and knowing the users' polarity of feeling about their e-learning 
experience in an automatic way. In this way, it has been possible 
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to find out the students' opinions in an automated way with regard 
to key categories of digital teaching. In addition, student 
comments have been classified into several UX e-learning or 
UXEL dimensions. Also, it has been identified the polarity of 
sentiment for each dimension. To sum up, this work has 
generated four major contributions to the scientific community. 
Firstly, an adaptation of the validated questionnaire UEQ-S 
integrated and adapted to three e-learning platforms for specific 
postgraduate courses at the Universitat de València and at the 
Universidad Rey Juan Carlos; and for MOOCs at the Universitat 
Politècnica de València. Secondly, this thesis has generated an 
innovative application of sentiment analysis and machine 
learning methods through natural language processing for the 
evaluation of the user experience of university online students. 
Therefore, this method provides the analysis of learners opinions 
and classifies them according to their polarity in positive, 
negative or neutral. And thirdly, this scientific work brings out a 
proprietary ontology of aspects for the virtual learning experience 
associated with UX dimensions. This ontology used with 
sentiment analysis tools, allows classifying the polarity of student 
opinions (positive, neutral, negative) by key categories of e-
learning (VLE, Teacher, Student, Sound, Image, Material, 
Exercise, Evaluation and Communication) and group the 
comments in three dimensions UX e-learning or UXEL (VLE, 
Social Connections, and Learning Resources and Tools). Finally, 
these contributions will help to evaluate in an automatic and 
accurate way several university e-learning environments in order 
to design user-centered virtual learning experiences more 
personalised and inclusive for all which suit quality standards and 
meet UN SDG 4 for 2030.   
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Resumen 

 

El uso de nuevas tecnologías y el número de usuarios de 
sistemas de enseñanza online universitaria se han extendido 
alrededor del mundo en las últimas décadas, mostrando un 
mayor incremento con la propagación de la pandemia Covid-19 
desde 2020. Adicionalmente, la normativa ISO 9241-210:2019 
establece los estándares internacionales de calidad para diseñar 
productos, servicios y sistemas de interacción persona-
ordenador que cumplan con requisitos de usabilidad, 
accesibilidad y de experiencia de usuario (User eXperience - 
UX). Por tanto, el concepto de UX ha cobrado mucha 
importancia como requisito de calidad. Para diversos autores, la 
UX es un concepto multidimensional que incluye las 
motivaciones, sentimientos y necesidades de los usuarios 
finales. Por otra parte, el Objetivo de Desarrollo Sostenible 
(ODS) 4 de la Organización de las Naciones Unidas (ONU) para 
el 2030 persigue asegurar a nivel global una educación inclusiva, 
igualitaria, para todos y de calidad. En este sentido, con el fin de 
diseñar interfaces y experiencias de aprendizaje en entornos 
universitarios que respeten todas especificaciones de calidad se 
requiere evaluar previamente la experiencia de usuario de estos 
entornos de manera automática y precisa. Por tanto, el objetivo 
principal de esta tesis es identificar las características concretas 
más relevantes en la experiencia de usuario de entornos de e-
learning universitarios que permitan analizar específica y 
automáticamente el sentimiento de los estudiantes con el fin de 
asentar las bases para diseñar plataformas de aprendizaje 
virtual centradas en los usuarios. Con esta finalidad, el estudio 
plantea analizar las necesidades y sentimientos de los 
estudiantes on-line universitarios con métodos digitales, 
avanzados y eficientes de inteligencia artificial. Por ello, el 
presente proyecto investiga la aplicación de modelos de 
aprendizaje automático (machine learning) de análisis de 
sentimiento para la evaluación de la experiencia de usuario. 
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Estas técnicas de inteligencia artificial se han aplicado sobre las 
respuestas recibidas de entre los más de 2.000 estudiantes 
universitarios encuestados procedentes de estudios de 
posgrado online y de cursos en línea masivos y abiertos 
(MOOCs). Los resultados presentan las bases de un modelo que 
permite clasificar ontológicamente categorías o aspectos de la 
educación en línea universitaria y conocer la polaridad del 
sentimiento de los usuarios respecto a su experiencia e-learning 
de manera automática. De este modo, se han podido conocer 
las opiniones de los estudiantes de manera automatizada con 
respecto a categorías claves de la enseñanza digital. Además, 
los comentarios de los estudiantes se han clasificado en distintas 
dimensiones UX e-learning o UXEL. Así mismo, se ha 
identificado la polaridad del sentimiento para cada dimensión. En 
resumen, este trabajo ha generado cuatro importantes 
contribuciones a la comunidad científica. En primer lugar, una 
adaptación del cuestionario validado UEQ-S integrado y 
adaptado a tres plataformas de e-learning para cursos 
específicos de postgrado en la Universitat de València y en la 
Universidad Rey Juan Carlos; y para MOOCs en la Universitat 
Politècnica de València. En segundo lugar, esta tesis ha 
generado una aplicación innovadora de métodos de análisis de 
sentimiento y aprendizaje automático mediante el 
procesamiento del lenguaje natural para la evaluación de la 
experiencia de usuario de estudiantes universitarios online. Así, 
este método proporciona el análisis de las opiniones de los 
alumnos y las clasifica según su polaridad en positivas, 
negativas o neutras. Y en tercer lugar, este trabajo científico 
aporta una ontología propia de aspectos para la experiencia de 
aprendizaje virtual asociada a dimensiones UX. Esta ontología 
utilizada con herramientas de análisis de sentimiento, permite 
clasificar la polaridad de las opiniones de los alumnos (positiva, 
neutra, negativa) por categorías clave del e-learning (VLE, 
Profesor, Alumno, Sonido, Imagen, Material, Ejercicio, 
Evaluación y Comunicación) y agrupar los comentarios en tres 
dimensiones UX e-learning o UXEL (VLE, Conexiones Sociales, 
y Recursos y Herramientas de Aprendizaje). Por último, estas 
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contribuciones ayudarán a evaluar de forma automática y 
precisa diversos entornos universitarios de e-learning con el fin 
de diseñar experiencias de aprendizaje virtual centradas en el 
usuario, más personalizadas e inclusivas para todos y todas, que 
se adapten a los estándares de calidad y cumplan con el ODS 4 
de la ONU para el 2030. 
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Resum 
 

L'ús de noves tecnologies i el nombre d'usuaris de sistemes 
d'ensenyament en línia universitària s'han estés al voltant del 
món en les últimes dècades, mostrant un major increment amb 
la propagació de la pandèmia COVID-19 des de 2020. 
Addicionalment, la normativa ISO 9241-210:2019 estableix els 
estàndards internacionals de qualitat per a dissenyar productes, 
serveis i sistemes d'interacció persona-ordenador que 
complisquen amb requisits d'usabilitat, accessibilitat i 
d'experiència d'usuari (User eXperience - UX). Per tant, el 
concepte de UX ha cobrat molta importància com a requisit de 
qualitat. Per a diversos autors, la UX és un concepte 
multidimensional que inclou les motivacions, sentiments i 
necessitats dels usuaris finals. D'altra banda, l'Objectiu de 
Desenvolupament Sostenible (ODS) 4 de l'Organització de les 
Nacions Unides (ONU) per al 2030 persegueix assegurar a nivell 
global una educació inclusiva, igualitària, per a tots i de qualitat. 
En aquest sentit, amb la finalitat de dissenyar interfícies i 
experiències d'aprenentatge en entorns universitaris que 
respecten totes especificacions de qualitat es requereix avaluar 
prèviament l'experiència d'usuari d'aquests entorns de manera 
automàtica i precisa. Per tant, l'objectiu principal d'aquesta tesi 
és identificar les característiques concretes més rellevants en 
l'experiència d'usuari d'entorns d'e-learning universitaris que 
permeten analitzar específica i automàticament el sentiment dels 
estudiants amb la finalitat d'assentar les bases per a dissenyar 
plataformes d'aprenentatge virtual centrades en els usuaris. Amb 
aquesta finalitat, l'estudi planteja analitzar les necessitats i 
sentiments dels estudiants en línia universitaris amb mètodes 
digitals, avançats i eficients d'intel·ligència artificial. Per això, el 
present projecte investiga l'aplicació de models d’aprenentatge 
automàtic (machine learning) d'anàlisi de sentiment per a 
l'avaluació de l'experiència d'usuari. Aquestes tècniques 
d'intel·ligència artificial s'han aplicat sobre les respostes rebudes 
d'entre els més de 2.000 estudiants universitaris enquestats 
procedents d'estudis de postgrau en línia i de cursos massius en 
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línia en obert (MOOCs). Els resultats presenten les bases d'un 
model que permet classificar ontològicament categories o 
aspectes de l'educació en línia universitària i conéixer la polaritat 
del sentiment dels usuaris respecte a la seua experiència e-
learning automàticament. D'aquesta manera, s'han pogut 
conéixer les opinions dels estudiants de manera automatitzada 
respecte a categories claus de l'ensenyament digital. A més, 
s'han classificat els comentaris dels estudiants en diferents 
dimensions UX e-learning o UXEL. D’aquesta manera, s’han 
identificat la polaritat del sentiment per a cada dimensió. En 
resum, aquest treball ha generat quatre importants contribucions 
a la comunitat científica. En primer lloc, una adaptació del 
qüestionari validat UEQ-S integrat i adaptat a tres plataformes 
d'e-learning per a cursos específics de postgrau a la Universitat 
de València i en la Universidad Rey Juan Carlos; i per a MOOCs 
a la Universitat Politècnica de València. En segon lloc, aquesta 
tesi ha generat una aplicació innovadora de mètodes d'anàlisis 
de sentiment i aprenentatge automàtic mitjançant el 
processament del llenguatge natural per a l'avaluació de 
l'experiència d'usuari d'estudiants universitaris en línia. Així, 
aquest mètode proporciona l'anàlisi de les opinions dels alumnes 
i les classifica segons la seua polaritat en positives, negatives o 
neutres. I en tercer lloc, aquest treball científic aporta una 
ontologia pròpia d'aspectes per a l'experiència d'aprenentatge 
virtual associada a dimensions UX. Aquesta ontologia utilitzada 
amb eines d'anàlisis de sentiment, permet classificar la polaritat 
de les opinions dels alumnes (positiva, neutra, negativa) per 
categories clau de l'e-learning (VLE, Professor, Alumne, So, 
Imatge, Material, Exercici, Avaluació i Comunicació) i agrupar els 
comentaris en tres dimensions UX e-learning o UXEL (VLE, 
Connexions Socials, i Recursos i Eines d'Aprenentatge). 
Finalment, aquestes contribucions ajudaran a avaluar de manera 
automàtica i precisa diversos entorns universitaris d'e-learning 
amb la finalitat de dissenyar experiències d'aprenentatge virtual 
centrades en l'usuari, més personalitzades i inclusives per a tots 
i totes, que s'adapten als estàndards de qualitat i complisquen 
amb l’ODS 4 de l'ONU per al 2030.  
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Nota de la autora 
La tesis doctoral “User eXperience evaluation on university 
virtual learning through sentiment analysis” realizada por Rosario 
Sanchis-Font se enmarca en el Programa de doctorado en 
Diseño, Fabricación y Gestión de Proyectos Industriales de 
la Universitat Politècnica de València (UPV). 

La tesis se ha desarrollado por compendio de artículos 
presentando una compilación de cinco artículos publicados en 
revistas científicas y en actas de congresos de impacto, siendo 
aceptada y autorizada por la Comisión Académica del Programa 
de Doctorado (CAPD) al que se adscribe.  

Es una tesis de contenido interdisciplinar donde han 
intervenido, tanto en la dirección de la mismo como en la 
colaboración para la redacción artículos, principalmente 
personal docente investigador (PDI) UPV del departamento de 
Ingeniería Gráfica de la Escuela Técnica Superior de Ingeniera 
del Diseño y del Departamento de Sistemas Informáticos y 
Computación (DSIC) de la Escuela Técnica Superior de 
Ingenieria Informática. La tesis hibrida conocimiento científico de 
ingeniería del diseño interactivo con herramientas de inteligencia 
artificial de aprendizaje automático y procesamiento del lenguaje 
natural para ofrecer resultados de investigación originales e 
innovadores en ambas disciplinas. 

Para llevar a cabo el proceso de investigación y producir los 
resultados de esta tesis doctoral se han realizado tres 
estancias de investigación, dos nacionales y una 
internacional, y una colaboración con el equipo de los MOOCs 
UPV del Área de Sistemas de Información y Comunicaciones 
(ASIC) de la UPV.  

Las estancias nacionales de investigación se han desarrollado 
en la Fundación IVI y en Medigene Press S.L. para la evaluación 
de la experiencia e-learning de usuarios de posgrados 
biomédicos universitarios de la Universitat de València y 
Universidad Rey Juan Carlos. 
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Nacho Despujol, se ha llevado a cabo los pasos necesarios para 
obtener los datos para la evaluación de la experiencia de usuario 
de los estudiantes MOOCs de la UPV. 
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1.1. BACKGROUND 
 

1.1.1. E-learning 
In the XXIst century, online learning in higher education has 
become more popular due to its accesibility, flexibility and 
personalized approach (Al-Fraihat, 2019). E-learning allows 
students to learn at their own pace, time, and place. That has 
been increasing in last years when the COVID-19 pandemic 
started in 2020. This fact fostered a significant increase in the 
use of online or hybrid teaching formats and the use of 
Information and Communication Technologies (ICT) in education 
(Ntshwarang, 2021).  

On the other hand, the United Nations' 2030 Agenda for 
Sustainable Development includes Goal 4 to ensure inclusive, 
equitable, and quality education for all, including university 
education. UNESCO's report on this goal emphasizes the need 
for inclusive and quality ICT tools for learning (2021). 

 

1.1.2. User eXperience (UX) 
Therefore, research on e-learning for higher education is 
focusing on human-computer interaction (HCI) in order to 
improve the success of university student training and the quality 
of online learning (Bates, 2005; Zaharias, 2009; Ali, 2017). 
Factors evaluated in interactive learning include teachers, e-
learning systems, and educational content (Alebeisat, 2022).  

HCI tools developers, agents and industry require to focus their 
interactive systems on end-users to design and provide quality 
systems upon the international standards requirements ISO. 
These interactive systems are the “combination of hardware, 
software and/or services that receives input from, and 
communicates output to, users” (ISO 9241-210:2019). This 
international standard is related to ergonomics of human system-
interaction and human-centered design for interactive systems. 
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Also, the ISO 9241-210:2019 standard provides specifications 
for the quality of HCI systems and includes a framework for 
interaction that takes into account usability, accessibility, and 
user experience based on user-centered design.  

ISO describes user experience (UX) as all the emotions, beliefs, 
preferences, perceptions, physical and psychological responses, 
behaviors and achievements that occur before, during and after 
the use of interactive systems. So, UX enhances human 
interaction within the hardware or software components. In all 
this context, UX in e-learning has gained importance and several 
authors have pointed out its definition. For Zaharias (2012) UX is 
a multidimensional concept focused on human needs and 
aspects of beauty, fun, pleasure and personal growth that are 
experienced by human interaction with the computer. Other 
authors, such as Rauschenberger et al. (2013) define UX as a 
concept that encompasses both pragmatic (clarity, efficiency and 
dependence) and hedonic (stimulation and novelty) qualities. 
Along these lines, Hassenzahl (2006) highlights the importance 
of the pragmatic aspect of interactive products and the hedonic 
aspect for the design of experiences, understanding the UX 
concept as a consequence of the user's internal state 
(predispositions, expectations, needs, motivation, mood, etc), 
the characteristics of the designed system (complexity, purpose, 
usability, functionality, etc.), and the context. 

Learning methods, services and products have evolved towards 
a digital stage, where all educational agents (students, teachers, 
administrators, developers and stakeholders) interact on virtual 
environments every day, not only for educational aims but also 
in personal and global management of educational data.  

From the end-users point of view, they all access to the digital 
media no matter their age, physical abilities, cultural 
backgrounds, place or time of use, navigate, study, teach, do 
exercises, publish, evaluate, participate, socialize and behave 
differently within the same virtual learning environment. 
Therefore, it is required to design e-learning systems and 
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interfaces, which consider users´ skills, motivations, feelings and 
needs in order to succeed in the learning process. The UX 
includes a multidimensional concept and focusses more in 
human needs and the aspects of beauty, fun, pleasure, and 
personal growth rather than the value of the product or 
instrument used (Kujala, 2011; Zaharias & Mehlenbacher, 2012).  

 

1.1.3. User-Centered Design (UCD) 
UX performance demands a User-Centered Design (UCD) to 
develop systems that meet users´ needs. UCD is a flexible 
iterative design methodology, a philosophy and a discipline that 
understands and analyses how people use computers, objects 
and systems to propose more usable, accessible, beautiful and 
easy-to-use interfaces. The aim of UCD in technology is to make 
good interfaces for delivering pleasant experiences to users 
when interacting with computers (Norman, 1986; Adelson, 2010).  

Several UCD methodologies have been carried out by different 
researchers highlighting the importance of user involvement in 
the design process. On this approach users are an active agent 
in the system design considering users´ needs and preferences 
result of their participation (Damodaran, 1996; Courage & Baxter, 
2005; Brown & Katz, 2011). All of the previous authors show 
different design methodologies, which involve the end-user from 
the beginning of the design process and being users the center 
of the process for interaction design. This is also known as co-
creation, collaborative or participatory design (J. Gulliksen et al., 
2003).  

These studies help to develop interactive products which are 
more efficient, easy, beautiful and engage to end-users. So, one 
of the aims in Human-Computer Interaction (HCI) research is to 
know which qualities are involved in UX.  
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1.1.4. UX evaluation 
From this perspective, there are several aspects to consider 
when understanding UX to develop a HCI system. On the 
approach to measure the experiential qualities in HCI systems 
some authors have researched on finding the qualities and 
dimensional aspects related to delivery UX questionnaires 
(Hassenzahl el al. 2003; van Schaik & Ling, 2012a; 
Rauschenberger et al. 2013; Law et al. 2014). Rauschenberger 
(2013) included in the User Experience Questionnaire (UEQ) 6 
scales with 26 items in total covering the attractiveness (general 
impression towards the product); the classical usability aspects: 
efficiency (possibility to use the product fast and efficient and 
user interface looks organized); perspicuity (easy to understand 
how to use and to get familiar with the product); dependability 
(users feeling in control and security and predictability when 
interacting with the product); and user experience aspects: 
stimulation (users interest and excitement when using the 
product and feeling of motivation to use the product again) 
originality (innovative and creative design of the product and how 
the product grab users attention). 

In the interest of understanding the user's opinion from this 
perspective, Spallazo (2021) brings together the 129 UX 
evaluation methods for interactive systems. The most 
remarkable methods to evaluate UX for several authors (Diaz-
Oreiro, 2021) are AtrakkDiff, UEQ or meCUE. Although these UX 
evaluation tools are very widespread by the experts, their 
application for online education is very limited, as they are 
laborious methods to be processed and not very specific. 

The use of these questionnaires to evaluate user experience has 
helped to measure the qualities for designing virtual interfaces 
which include the motivations, feelings, and needs of end users. 
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1.1.5. UX and UCD in e-learning  
So, in order to carry out the learning process successfully 
through online university courses UX requirements need to be 
considered when designing and redesigning hardware and 
software applications. In this way, in the last years, UX has been 
considered when designing Virtual Learning Environments 
(VLEs) (Zaharias et al. 2012). VLEs include a wide range of 
technology-enabled learning environments, such as Learning 
Management Systems (LMSs), computer games or Virtual 
Worlds. 

In the new millennium, many studies have been carried out to 
understand human experience in virtual environments. There is 
a small field of research of UX applied to virtual learning 
environments where we can find its basis on the studies of 
usability features when designing educational software and e-
learning systems (Squires,1999; Zaharias, 2004 and 2011). 
Usability refers to e-learning interfaces which are effective, 
efficient and satisfy end-users. In this sense, e-learning studies 
from UX perspective complete the concept of usability by 
including new aspects such as learners´ motivation and 
engagement. 

The methodology of UCD to improve e-learning environments 
and its interfaces considers the user experience in all the stages 
of the iterative process: understand and analyse user needs and 
context of use, specifying user requirements, ideate, prototype 
and evaluate (Gena, 2006; Garreta-Domingo and Mor, 2007).  

De Lera and others have applied UCD research on the e-learning 
environments pursuing an improvement of the learner´s 
interaction and entertainment (De Lera et al., 2013). The authors 
include the emotional aspects with UCD methodology applied to 
educational learning environments. They carried out a research 
project on Open University of Catalonia (UOC) virtual platform 
and found out the need of including the emotional and more 
“human” dimension in the design of interfaces to achieve more 
engaging and enjoyable learning environments, which 
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consequently will enhance the global user experience (GUX) of 
the UOC learners.  

In order to evaluate the UX in e-learning, authors such as 
Zaharias (2012), Mtebe (2015) or Ovesleová (2016) have 
established some UX categories or criteria applied to the field of 
online education. The authors clarify the guidelines to ensure a 
user-centered design of interactive learning platforms and a 
positive and quality experience, but without developing 
automated methods.  

A deep understanding of the UX of these educational platforms 
will enhance the design of environments that meet the functional, 
aesthetic, and emotional characteristics and needs required by 
users. UX evaluation is in development in most applications and, 
also, in VLEs. 

 

1.1.6. Natural Language Processing and Sentiment 
Analysis 

Some work has been done in eCommerce, using natural 
language processing to improve their UX, for instance, to search 
products in a more intelligent way, using artificial intelligent tools 
such as sentiment analysis to extract insights from the reviews 
made by the customers on the product or identifying trends and 
trying to answer best to the customers’ concerns. Several 
conferences have been launched around these ideas, such as 
the Workshop on Economics and Natural Language Processing 
(NLP) (https://julielab.de/econlp/2019/) or the First International 
Workshop on e-Commerce and NLP 
https://www.aclweb.org/portal/content/first-international-
workshop-e-commerce-and-nlp 

Sentiment analysis is the process of using NLP and machine 
learning techniques to analyze and determine the emotional tone 
or attitude expressed in a piece of text. The text could be a text 
from social media, a product review, a news article, or any other 
form of textual data. The goal of sentiment analysis is to identify 

https://julielab.de/econlp/2019/
https://www.aclweb.org/portal/content/first-international-workshop-e-commerce-and-nlp
https://www.aclweb.org/portal/content/first-international-workshop-e-commerce-and-nlp
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whether the overall sentiment expressed in the text is positive, 
negative, or neutral. This is typically done by analyzing the 
words, phrases, and context of the text to determine the 
emotional tone of the text. Sentiment analysis can be used in 
various fields, including marketing, customer service, and 
politics, to gauge public opinion, measure customer satisfaction, 
and identify trends and patterns in data. Sentiment analysis is a 
field of research related to computational linguistics, Natural 
Language Processing, and text mining (Mejova, 2009) and it is 
one of the most active areas in Natural Language Processing 
since the early 2000s. 

So, machine learning models of sentiment analysis will allow to 
classify the opinion found in the text under two opposing 
sentiments, based on their Positive (P) or Negative (N) polarity. 
If the text does not have any polarity, is classified as Neutral 
(NEU). 

Processing the natural language on this opinion analysis requires 
of a corpus. Corpus is a collection of linguistic data, either 
compiled from written texts or transcribed from recorded speech 
(Khurana, 2022). Another important concept in artificial 
intelligence is the ontology of the corpus. For Fensel (2001) 
“ontologies are developed to provide a machine-processable 
semantics of information sources that can be communicated 
between different agents (software and humans)”. An ontology 
provides a vocabulary of terms and relations with which to model 
the domain. Therefore, ontology catalogs the variables required 
for some set of computation and establishes the relationships 
between them. 

Pang et al. (2002) and Turney PD (2002) addressed the 
importance of “sentiment classification” for a big number of tasks 
such as “message filtering, recommender systems or business 
intelligence applications”. A decade after, until our days, the 
popularity of sentiment analysis has been increasing and Deep 
Learning has consolidated as a well-established alternative to 
the previous machine learning systems. Thus, Deep Learning is 
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the state of the art in sentiment analysis (Socher et al., 2013; 
Kim, 2014; Baziotis, 2017; Gónzalez, Hurtado and Plá, 2018; 
González et al, 2020).  

Other sentiment analysis approaches were addressed by 
manually generating polarity lexicons (Liu et al., 2005; Wilson et 
al., 2005). However, the efforts required to develop these 
resources and the good performance of machine learning 
systems on this task made the research community to move 
towards data driven approaches. A survey of the most widely 
used machine learning approaches for the sentiment analysis 
problem can be found in Liu (2012). 

Recently, the predominant systems to perform sentiment 
analysis are neural network-based approaches (Zhang et al., 
2018). The most popular models are Convolutional Neural 
Networks (CNN) Kim (2014), Long Short-Term Memories 
(LSTM) (Hochreiter and Schmidhuber, 1997), and combinations 
of CNN and LSTM (Sadr et al., 2019). Moreover, the enrichment 
of these architectures by using attention mechanisms (Bahdanau 
et al. 2015) and Transformers (Vaswani et al., 2017) are lately 
used. 

The interest on sentiment analysis has increased along with the 
popularity of social networks and the user interactions on them. 
The most studied social network for sentiment analysis tasks is 
Twitter, where the users are allowed to broadcast opinions about 
any topic by using only 280 characters and media content. 

Several workshops are organized in order to address the 
sentiment analysis task in Twitter, providing corpora and 
resources to the participants for training and evaluating their 
systems. The most known workshops are the International 
Workshop on Semantic Evaluation (SemEval) and the Workshop 
on Semantic Analysis at SEPLN (TASS and IberLEF) for English 
and Spanish language, respectively. 

For the last task of English sentiment analysis presented at 
SemEval (Rosenthal et al. 2017), most of the participating teams 
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proposed neural network models mainly based on LSTM and 
CNN, being the two best systems based on these approaches 
along with pre-trained word embeddings on big collections of 
tweets. Concretely, the winner team proposed a two-layer 
bidirectional LSTM with attention mechanisms (Baziotis et al. 
2017), while the second ranked team addressed the task by 
using a combination of LSTM and CNN (Cliche M, 2017). 

For the Spanish sentiment analysis task of TASS 2019 (Diaz-
Galiano et al, 2019) and TASS 2020 (González et al, 2020) the 
predominant presence of deep learning components was also 
observable, where almost all the systems proposed by the 
participants made use of them. It is worthly to note the great 
interest on the Transformer model (Vaswaniet et al., 2017) being 
used mainly with the aim of fine-tuning pretrained contextual 
representations of words (Devlin et al., 2019; González et al., 
2021). 

In addition to these kinds of systems, a large number of 
commercial products and frameworks have also proliferated to 
facilitate the development and deployment of sentiment analysis 
systems based on machine learning, such as GoogleCloud 
(Cloud Natural Language API, 2019, 
https://cloud.google.com/natural-language), IBM Watson Natural 
Language Understanding, (2019 
https://www.ibm.com/cloud/watson-natural-language-
understanding), Microsoft Text Analytics (Microsoft Azure: Text 
Analytics API (2019). https://azure.microsoft.com/es-
es/services/cognitive-services/text-analytics/) and 
MeaningCloud (MeaningCloud: Demo de Analítica de Textos 
(2019). https://www.meaningcloud.com/es/demos/demo-
analitica-textos ). These kinds of products allow us to perform 
text analytics such as sentiment analysis, in a broad variety of 
domains and languages in an easy way, obtaining also 
competitive results. 

  

https://cloud.google.com/natural-language
https://www.ibm.com/cloud/watson-natural-language-understanding
https://www.ibm.com/cloud/watson-natural-language-understanding
https://azure.microsoft.com/es-es/services/cognitive-services/text-analytics/
https://azure.microsoft.com/es-es/services/cognitive-services/text-analytics/
https://www.meaningcloud.com/es/demos/demo-analitica-textos
https://www.meaningcloud.com/es/demos/demo-analitica-textos
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1.1.7. Sentiment analysis in e-learning 
The application of sentiment analysis tools on UX opinions will 
provide a better and more accurate understanding of human 
needs in the interaction with VLEs. 

On the other hand, Natural Language Processing technologies 
allow to analyze students’ opinions from text and sentiment 
analysis. Thus, Clarizia et al. (2018) propose to use data mining 
to analyze the sentiment present through text comments among 
students in order to allow the teacher to accommodate the online 
learners’ moods. The authors aim to outline a model that 
successfully responds to the analysis task, rather than the results 
of the learning experience, by obtaining an overall analysis of 
user sentiment. Depending on the level at which one wishes to 
treat the text, one can extract the polarity of the whole document, 
Moraes et al. (2013), the polarity of each sentence or the polarity 
of each aspect appearing in the text.  

Currently, there are several commercial NLP tools on the market 
that analyze sentiment on texts automatically. Thus, 
MeaningCloud, GoogleCloud Natural Language or Microsoft 
Azure Text Analytics stand out for their widespread use. In this 
area, we found studies of sentiment analysis of user comments 
on their experience with commercially available techniques, 
Zulkifli et al. (2019). These authors analyze the polarity of English 
customer reviews from Amazon, Yelp, and IMDb on social 
networks using three tools: Python NLTK Text Classification, 
Myopia and MeaningCloud. The study showed that 
MeaningCloud is the technique with the highest accuracy at 
82.1%. MeaningCloud is a commercial text analytics NLP 
application programming interface (API) and tool, released in 
2015 as an evolution of an earlier product called Textalytics. Both 
tools have been validated by several authors in the study of their 
performance (Joshi et al. 2018; Singh et al., 2018; Zulkifli et al., 
2019).   

Other preliminary studies on the application of sentiment analysis 
techniques to analyze the perceptions of distance learners have 
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also been published (Mac Kim et al., 2010; Magayon et al., 
2021). Both works focus on general aspects of the experience 
without addressing specific characteristics of the online learning 
process from a user experience perspective. But the problem of 
detecting specific areas, aspects and features of improvement of 
the e-learning user experience in an automatic way remains 
unresolved. 

 

1.2. OBJECTIVES 
 

1.2.1. General objectives 
Identify and lay the foundations of the most relevant user 
experience characteristics of university e-learning environments 
that allow automatic analysis of user sentiment. 

 

1.2.2. Specific objectives 
1.2.2.1. Select the characteristics to be studied in our university 
population related to user experience in e-learning environments. 

1.2.2.2. To survey the university population users of the e-
learning platforms in reference to the selected characteristics. 

1.2.2.3. To analyse the feeling of university users' experience 
with different machine learning models. This analysis aims to 
choose the most appropriate models that best fit the reality we 
want to investigate. 

1.2.2.4. Categorise the most relevant user experience 
characteristics in university e-learning environments obtained 
with the most appropriate machine learning models of natural 
language processing and sentiment analysis.  
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1.3. THESIS STRUCTURE 
 

This doctoral thesis is a compilation of five indexed scientific 
publications that seek to respond to the general objective and 
specific objectives previously indicated in this scientific work. 

Thus, this thesis by compendium of articles gathers in chapter 2 
the five mentioned publications. Each of the articles presents its 
bibliography at the end of each one. Subsequently, the 
discussion of this doctoral thesis is presented in chapter 3, and 
its conclusions in chapter 4. Conclusions are written in both 
languages, English and Spanish. Then, it follows a list of 
abbreviations and acronyms to facilitate the reading of the thesis.  

And finally, the book ends with a section with the references of 
the chapters, except for the references of the articles, which they 
are already presented at the end of each publication.  

 
1.3.1. Publication 1 
IMPROVING THE VIRTUAL LEARNING EXPERIENCE: USER 
CENTERED DESIGN IN E-LEARNING. R. Sanchis-Font, B. 
Jordá-Albiñana, J. González-Del-Río, O. Ampuero-Canellas.  

International conference INTED. 11th annual International 
Technology, Education and Development Conference. Valencia. 
March, 2017.  

DOI: 10.21125/inted.2017.2356 

• Article published in IATED Digital Library, which also it is 
included in the Web of Science (Conference Proceedings 
Citation Index). 

 

1.3.2. Publication  2 
INTEGRACIÓN DEL “USER EXPERIENCE QUESTIONNAIRE 
SHORT” EN MOOCS UPV. 

https://library.iated.org/view/SANCHISFONT2017IMP
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Sanchis Font, R., Castro Bleda, M. J., Turró Ribalta, C., & 
Despujol Zabala, I. (2018, september). In IN-RED 2018. IV 
Congreso Nacional de Innovación Educativa y Docencia en Red 
(pp. 393-404). Editorial Universitat Politècnica de València.  

DOI: 10.4995/INRED2018.2018.8840  

• Article published in book proceedings of IN-RED 
Conference (2018) por la editorial Universitat Politècnica 
de València y en el Repositorio Institucional de la 
Universitat Politècnica de València (RiuNet).  

• Article indexed in Dialnet, the bibliographic portal for 
Hispanic scientific literature, and also indexed in 
Semantic Scholar. 

 

1.3.3. Publication  3 
APPLYING SENTIMENT ANALYSIS WITH CROSS-DOMAIN 
MODELS TO EVALUATE USER EXPERIENCE IN VIRTUAL 
LEARNING ENVIRONMENTS 

Sanchis-Font, R., Castro-Bleda, M.J., González, JÁ. (2019). In: 
Rojas, I., Joya, G., Catala, A. (eds) Advances in Computational 
Intelligence. IWANN 2019. Lecture Notes in Computer Science(), 
vol 11506. Springer, Cham.  

DOI: https://doi.org/10.1007/978-3-030-20521-8_50  

• Article published as a chapter in Lecture Notes in 
Computer Science book series (LNCS, volume 11506) 
which it is included in the Web of Science.  

• SCImago Journal Rank (SJR) index in 2019 of LNCS 
book series: 0.427 / Q2 in Computer Sciences 
(miscelaneous).   

 

https://m.riunet.upv.es/bitstream/handle/10251/112803/8840-23607-1-PB.pdf
https://doi.org/10.1007/978-3-030-20521-8_50
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1.3.4. Publication  4 
CROSS-DOMAIN POLARITY MODELS TO EVALUATE USER 
EXPERIENCE IN E-LEARNING. Sanchis-Font, R., Castro-
Bleda, M.J., González, J. et al. Neural Process Letters (2020). 
Springer. 

DOI: https://doi.org/10.1007/s11063-020-10260-5 

• Article published in the international journal Neural 
Process Letters, which it is included in the Web of 
Science and indexed in Journal Citations Report (JCR).  

• JCR index in 2021 for Neural Process Letters: 2.565 / Q3 
in Computer Sciences and Artificial Intelligence.  

• SJR index in 2020 for Neural Process Letters: 0.463 / Q2 
in Artificial Intelligence, Computer Communications and 
Networks.  

 

1.3.5. Publication  5 
E-LEARNING UNIVERSITY EVALUATION THROUGH 
SENTIMENT ANALYSIS CENTERED ON USER EXPERIENCE 
DIMENSIONS. Sanchis-Font, R., Castro-Bleda, M., Jorda-
Albiñana, M., Lopez-Cuerva, L. (0). DYNA, DYNA-ACELERADO 
(0). [5 pp]. (2022)  

 

FONT, R. S., BLEDA, M. J. C., ALBIÑANA, M. B. J., & CUERVA, 
L. L. (2023). EVALUACIÓN DEL APRENDIZAJE EN LÍNEA 
UNIVERSITARIO MEDIANTE ANÁLISIS DE SENTIMIENTO 
CENTRADO EN DIMENSIONES DE EXPERIENCIA DE 
USUARIO. DYNA, 98(2), 147-153. 

DOI: https://doi.org/10.6036/10603 

• Article published in the international engineering journal 
DYNA, which it is included in the Web of Science and 
indexed in Journal Citations Report (JCR).  

https://doi.org/10.1007/s11063-020-10260-5
https://doi.org/10.6036/10603
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• JCR DYNA index in 2021: 2.070 / Q3 in Engineering, 
Multidisciplinary.  

• SJR DYNA index en 2021 (Spain): 0.16 / Q4 in 
Engineering, (miscelaneous). 
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2.1. Publication 1 | IMPROVING THE VIRTUAL 
LEARNING EXPERIENCE: USER CENTERED 
DESIGN IN E-LEARNING 
 

R. Sanchis-Font, B. Jordá-Albiñana, J. González-Del-Río, O. 
Ampuero-Canellas.  

Congreso Internacional INTED. 11th annual International 
Technology, Education and Development Conference. Valencia. 
Marzo 2017.  

DOI: 10.21125/inted.2017.2356 

 

Publication 1 presents a review of different methodologies and 
features for designing user experience-oriented e-learning that 
integrates aspects of user-centred design. The findings will help 
to improve the factors to take into account for designing the 
experience of e-learning for both students and teachers in a 
virtual learning interfaces in education within a user centered 
design process. 

  

https://library.iated.org/view/SANCHISFONT2017IMP


User eXperience evaluation on university virtual learning through sentiment analysis | R. Sanchis-Font   

22 
 

  



User eXperience evaluation on university virtual learning through sentiment analysis | R. Sanchis-Font   

23 
 

IMPROVING THE VIRTUAL LEARNING 
EXPERIENCE: 

USER-CENTERED DESIGN IN E-LEARNING 
 

R. Sanchis-Font, B. Jordá-Albiñana,  
J. González-Del-Río, O. Ampuero-Canellas 

Departamento de Ingeniería Gráfica. 
Universitat Politècnica de València. (SPAIN) 

 
Abstract 

Late developments and evolution of virtual learning make users to 
demand more usable, accessible, friendly, engaged and affective 
interfaces in order to achieve successfully the process of learning. 
User eXperience (UX) design highlights the human experiential 
aspect when designing virtual learning environments and focusses 
in the different users as co-creators to build effective and 
sustainable e-learning interfaces. From this perspective, User-
Centered Design (UCD) methodology integrates UX to develop e-
learning interfaces for all learners (students and teachers). The 
article presents a methodology for an effective virtual learning 
oriented to UX and UCD issues involved. The findings will help to 
improve the factors to take into account for designing the experience 
of e-learning for both students and teachers in a virtual learning 
interfaces in education. 
 
Keywords: e-learning, User-Centered Design (UCD), User 
eXperience (UX) interfaces, interface design.  
 
 

Introduction 

Learning methods, services and products have evolved towards a 
digital stage, where all educational agents (students, teachers, 
administrators, developers and stakeholders) interact on virtual 
environments every day, not only for educational aims but also in 
personal and global management of educational data.  
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From the end-users point of view, they all access to the digital media 
no matter their age, physical abilities, cultural backgrounds, place or 
time of use, navigate, study, teach, do exercises, publish, evaluate, 
participate, socialize and behave differently within the same virtual 
learning environment. Therefore, it is required to design e-learning 
systems and interfaces, which consider users´ skills, motivations, 
feelings and needs in order to succeed in the learning process. The 
user experience (UX) includes a multidimensional concept and 
focusses more in human needs and the aspects of beauty, fun, 
pleasure, and personal growth rather than the value of the product 
or instrument used (Zaharias and Mehlenbacher, 2012) [1], (Kujala, 
2011) [2]. 
 
In this perspective user experience in Human Computer Interaction 
(HCI) is describe by the ISO 9241-210:2010 normative as:  
“…person's perceptions and responses resulting from the use 
and/or anticipated use of a product, system or service. User 
experience includes all the users' emotions, beliefs, preferences, 
perceptions, physical and psychological responses, behaviours and 
accomplishments that occur before, during and after use.” (ISO, 
2010) [3]. 
  
There is a small field of research of UX applied to virtual learning 
environments where we can find its basis on the studies of usability 
features when designing educational software and e-learning 
systems (Squires,1999) [4], (Zaharias 2004, 2011) [5] [6]. Usability 
refers to e-learning interfaces which are effective, efficient and 
satisfy end-users. In late e-learning studies from UX perspective the 
concept of usability is completed by new aspects such as learners´ 
motivation and engagement. 
 
UX performance demands a User-Centered Design (UCD) to 
develop systems that meet users´ needs. UCD is a flexible iterative 
design methodology, a philosophy and a discipline that understands 
and analyses how people use computers, objects and systems to 
propose more usable, accessible, beautiful and easy-to-use 
interfaces. The aim of UCD in technology is to make good interfaces 
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for delivering pleasant experiences to users when interacting with 
computers (Norman, 1986) [7] (Adelson, 2010) [8].  
 
Several UCD methodologies has been carried out by different 
researchers highlighting the importance of user involvement in the 
design process. On this approach users are an active agent in the 
system design considering users´ needs and preferences result of 
their participation, (Damodaran, 1996) [9], (Courage & Baxter, 2005) 
[10], (Brown & Katz, 2011) [11]. All of them show different design 
methodologies, which involves the end-user from the beginning of 
the design process and being users the center of the process for 
interaction design. This is also known as co-creation, collaborative 
or participatory design (J. Gulliksen et Al.,2003) [12].  
 
The methodology of UCD to improve e-learning environments and 
its interfaces considers the user experience in all the stages of the 
iterative process: understand and analyse user needs and context 
of use, specifying user requirements, ideate, prototype and evaluate 
(Gena, 2006) [13], (Garreta-Domingo and Mor, 2007) [14].  
 
De Lera and others have applied UCD research on the e-learning 
environments pursuing an improvement of the learner´s interaction 
and entertainment (De Lera,et Al.,2013) [15]. The authors include 
the emotional aspects with UCD methodology applied to educational 
learning environments. They have carried out a research on Open 
University of Catalonia (UOC) virtual platform and found out the 
need of including the emotional and more “human” dimension in the 
design of interfaces to achieve more engaging and enjoyable 
learning environments, which consequently will enhance the global 
user experience (GUX) of the UOC learners.  
 
Therefore, it is required to design UX with UCD methodology applied 
to e-learning systems and interfaces and integrate users´ skills, 
motivations, feelings and needs in order to succeed in the online 
learning process.  
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User experience aspects for developing virtual 
environments  

 
In the new millennium, many studies have been carried out to 
understand human experience in virtual environments. These 
studies help to develop interactive products which are more efficient, 
easy, beautiful and engage to end-users. So, one of aims is to know 
which are the qualities involved in UX.  
Some authors describe UX because of user’s internal state 
(predispositions, expectations, needs, motivation, mood, etc.), the 
characteristics of the designed system (e.g. complexity, purpose, 
usability, functionality, etc.) and the context (or the environment) 
within which the interaction occurs (e.g. organisational/social 
setting, meaningfulness of the activity, voluntariness of use, etc.). 
(Hassenzahl & Tractinsky, 2006) [16]. 
 
From this perspective, there are several aspects to consider when 
understanding UX to develop a HCI system. On the approach to 
measure the experiential qualities in HCI systems. Law reviewed the 
UX literature and selected the 12 most used constructs in UX 
measurements (see Table 1). These 12 variables at the same time 
had multi-dimensional aspects. For instance, the construct of “flow” 
is psychometrically measured by 9 dimensions (e.g., concentration, 
control, loss of self-consciousness, etc.) (van Schaik & Ling,2012a) 
[17]., (Law et Al. 2014) [18]. The Law´s questionnaire made over a 
group of people show a list of UX qualities to be measured and some 
of them where perceived as measurable and other ones as non-
measurable experiential qualities. 
 
Zaharias based their study on educational worlds on UX aspects 
(Zaharias et Al 2011) [6] using the model proposed by Hassenzahl 
(Hassenzahl el Al. 2003) [19]. The tool, called AttrakDiff, measures 
the UX in interactive products through a questionnaire centered in 
attributes from users´ perception. This instrument delivers 23 
interactive experience items presented in a bipolar scale of qualities 
and grouped in four main constructs. These constructs are 
Pragmatic Quality (PQ), related to usability; Hedonic Quality 
Stimulation (HQS) evaluates user personal growth and the need to 
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improve personal skills and knowledge; Hedonic Quality 
Identification (HQI), which focuses on the human need to be 
perceived by others in a particular way; and Attraction (ATT) which 
evaluates the global appeal of an interactive system or product. 
 
On the other hand, Rauschenberger created a new questionnaire, 
which is named User Experience Questionnaire (UEQ) and 
available on-line, to measure UX in interactive products for 
optimizing them (Rauschenberger et al. 2013) [20]. They included in 
the questionnaire, 6 scales with 26 items in total covering the 
attractiveness (general impression towards the product); the 
classical usability aspects: efficiency (possibility to use the product 
fast and efficient and user interface looks organized); perspicuity 
(easy to understand how to use and to get familiar with the product); 
dependability (users feeling in control and security and predictability 
when interacting with the product); and user experience aspects: 
stimulation (users interest and excitement when using the product 
and feeling of motivation to use the product again) originality 
(innovative and creative design of the product and how the product 
grab users attention). 
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Table 1: Measure factors in UX in interactive products 
Questionnaires 

 
Extracted from Rauschenberger et Al. (2013) [20],  

Law et Al. (2014) [18] and Hassenzahl et Al. (2003) [19]. 
 

 (*) These attributes are originally presented by Hassenzahl et al (2003) 
[19] in opposite pairs of anchors (e.g. Technical-Human, Complicated-

Rauschenberger et Al. 
(2013) [20] 

Law et Al (2014) 
[18] 

Hassenzahl et Al. (2003)* 
[19] 

1) Attractiveness.  
2) Efficiency 
3) Perspicuity.  
4) Dependability. 
5) Stimulation. 
6) Novelty. 

1)Flow 
2) Aesthetic/beauty  
3) Emotion 
4) Enjoyment  
5) Affect  
6) Arousal/valence 
7) Hedonic quality  
8) Intrinsic 
motivation  
9) Presence  
10) Engagement 
11) Attractiveness  
12) Satisfaction 

Pragmatic Quality (PQ): 
1)Humaneness 
2)Simplicity 
3)Practicality 
4)Directness 
5)Predictability 
6)Clearness 
7)Management 
 
Hedonic Quality Stimulation 
(HQS): 
8) Originality 
9)Creativity 
10)Courage 
11) Innovation 
12) Excitement 
13) Challenge 
14) Newness 
 
Hedonic Quality 
Identification (HQI) 
15) Integrator 
16) Professionalism 
17) Classiness 
18) Value 
19) Inclusion 
20) Bringing user closer to 
people 
21) Presentation 
 
Attraction (ATT) 
22)Beauty 
23)Goodness  
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Simple, …). In this table attributes are presented as nouns summarizing 
in one word the main concept to be assessed in interactive UX. 
 
As we can observe, UX includes a multidimensional concept and 
focusses in human needs and the aspects of beauty, fun, pleasure, 
and personal growth rather than the value of the product or 
instrument used, which improves o worsens along the time of use 
(Kujala, 2011) [2].  
 
Zaharias findings have described four main factors affecting UX in 
Learning Managements Systems (LMS): Pragmatic Quality, 
Authentic Learning, Motivation and Engagement and Autonomy and 
Relatedness. (Zaharias et al, 2016) [21]. 
 
Therefore, we find different dimensions to be considered for 
improving human experience in virtual environments, and most of 
them are related to affective and experiential qualities, which enrich 
user interaction within virtual learning systems. 
 
 
User-centered design methodology for designing e-
learning interfaces 

 
UCD methodology has been developed by different researchers 
highlighting the importance of the person, as the user, in the creation 
and design, not only objects also environments and/or systems for 
learning purposes in digital scenarios.  
 
Rapanta and Cantoni considered the learner`s perspective as a 
requirement of quality for designing online learning environments. 
They understand the e-learning environment as an experience to be 
co-constructed with the learners. Empathising with the learners is 
clue to anticipate the learning experience and get closer to them to 
simplify the design of the on-line experience, (Rapanta & Cantoni, 
2014) [22]. 
 
So, UCD process is a tool to guarantee the quality of the final 
product. In Table 2 is shown different stages to perform UCD in 
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interactive learning systems according several studies on interaction 
systems design.   
 
Table 2: Stages in UCD process applied to interactive learning 

systems 
 

 
Gabbard et Al. 

(1999) [23]  

 
Gulliksen et Al. 

(2003) [12] 
 

 
Garreta-Domingo  
& Mor (2007) [14] 

 
-User task analysis 
-Expert guidelines-
based evaluation. 
-Formative user-
centered 
evaluation. 
-Summative 
comparative 
evaluations. 
 

-Analyse 
requirements and 
user needs. 
-Design for 
usability by 
prototyping. 
-Evaluate use in 
context. 
-Feed-back. Plan 
the next iteration. 
 

- User requirements. 
- Iterative design and 
evaluation of 
prototypes. 
- Pilot test groups. 

 
Wallach & Scholz, 

(2012) [24] 

 
Zaina & Alvaro 

(2015) [25] 
 

 
ISO 9241-210 [3] 

-Scope. 
-Analyse. 
-Design. 
-Validate. 
-Deliver. 

-Research. 
-Ideation. 
-Validate. 
-Evaluating. 

-Understanding and 
specifying the context 
of use. 
-Specifying the user 
requirements. 
-Producing design 
solutions. 
-Evaluating the 
design. 
 

 
UCD methodologies presented on Table 2 include the iteration as 
an intrinsic activity to be performed in all the stages. Iterative design 
is based in the repetition of the activity within the cycle from different 
perspectives by moving back and forward into the different stages 
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with the aim of reaching the best solution. This means that the main 
phases are not linear in time, but UCD process is carried out in 
several cycles to improve the results of the designed system. 
 
The authors in Table 2 present similar approaches for designing 
user-centered interactive interfaces. Gabbard UCD methodology 
applies to virtual environments to ensure usability and a cost-
effective strategy for evaluating and improving user interaction. 
(Gabbard et Al. ,1999) [23]. With the same focus, improving usability 
in software development, Gullliksen describes the principles and 
tools and techniques associated for designing systems with a user-
centered approach. Nevertheless, Gulliksen present the real 
limitations found to put into practice the UCD methodology, partly 
because some organizations and designers still do not recognize 
the benefits of involving users in the development process. 
(Gulliksen et Al., 2003) [12] 
 
In the field of e-learning, we find the applied work of Garreta-
Domingo and Mor (2007) [14] to develop a virtual classroom at the 
University (UOC) with UCD methodology. They focus on the learner 
experience on the interface, by considering not only usability, but 
also accessibility for all user needs. They integrate in the design 
process two end-users: students and professors. The results 
showed opposites reactions and perceptions from both users 
towards the same interface re-design. A change of architecture 
interface of the virtual classroom was considered as a radical 
change by the students, meanwhile professors perceived it as a 
small change. Their findings also noticed the benefits of 
personalising the learner interface, which enhanced the learner 
sense of control and the learning process.  Garreta-Domingo 
underline the need to develop the Learner-Centered Design (LCD) 
as a specific methodology that guarantees the “learning” and the 
good learner experience. (Garreta-Domingo and Mor, 2007) [14]. De 
Lera also followed this aim by researching UOC user experience 
and designing a Personal Learning Environments (PLE) that enable 
learners to have the power on their own learning.( De Lera et al, 
2012) [26]. Under this perspective, Zaharias highlighted the PLE as 
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a new market trend required to design the new generation of LMS. 
(Zaharias et al, 2016) [21].    
 
 
Conclusions 

Virtual educational research shows the need of fostering good, 
attractive, engaging, enjoying and emotional experiences to all 
interactive users when using virtual learning environments. On this 
pursuit, UX research describes how to measure learners experience 
to create holistic experiences for all end-users (students and 
teachers). UCD methodologies bring us a tested method to succeed 
designing e-learning systems centered on the learners (LCD) and 
improve the virtual learning environments by enhancing the learner 
experience. 

  

Further research and applications 

Further research on this work is motivated by the benefits to 
educational agents of developing e-learning platforms with user-
centered design methodology. From these findings, there is a field 
to research for developing and improving methodologies on 
Learner-Centered Design. 

The applications of UX and LCD research in e-Learning fields are 
applicable to any organisation (public and private) that offers e-
Learning to internal and/or external learners to develop personalised 
learning environments for improving the learning experience and 
increasing the retention of their users.   
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Publication 2 presents the adapted integration of the User 
Experience Questionnaire Short (UEQ-S) (Schrepp et al., 2017) 
into the Massive Online Open Courses (MOOCs) of the 
Universitat Politècnica de València (UPV). Thus, the integration 
of the UEQ-S in the student evaluation questionnaire will allow 
us to obtain new data to investigate the interaction with the 
platform in order to enhance and improve the future of the 
learning experience in UPV MOOCs. 

  

https://m.riunet.upv.es/bitstream/handle/10251/112803/8840-23607-1-PB.pdf
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Abstract 

The assessment of the learning experience of Massive Open Online Courses (MOOCs) 
at Universitat Politècnica de València (UPV) is currently performed through a 
questionnaire which only evaluates the pedagogical methodology and the functionality 
of the platforms edX and UPVx, without registering the pleasure of the learning 
experience. This paper shows the integration of User eXperience (UX) perspective in 
this questionnaire. User perception on usability and pleasure of using the e-learning 
platform will be measured in order to achieve a deeper knowledge of users preferences 
with the ultimate goal to upgrade the UPV MOOCs. To this end, the short version of 
the validated UX questionnaire of Thomaschewski (2017) “User Experience 
Questionnaire Short” (UEQ-S) has been adapted to Spanish for UPV MOOC users in 
order to retrieve answers about joy of use, attractiveness, efficiency and usability of 
UPV MOOC platforms. In conclusion, the integration of the adapted UEQ-S within the 
current UPV MOOC questionnaire will provide us new data for further research on the 
interaction within the platform. The aim is to enhance and improve the future learning 
experience in UPV MOOCs in order to position them as the best global massive open 
online courses and UPV as the top world-wide reference in MOOCs.  

Keywords: User experience, UX, MOOC, usability, pleasure of interaction, human 
computer interaction, interactive experience, e-learning perception, interface design 
evaluation, on-line platforms.   

 

Resumen 

Actualmente la evaluación de la experiencia de los Massive Open Online Course 
(MOOCs) de la Universitat Politècnica de València (UPV) se realiza a través de una 
encuesta que valora únicamente la metodologı́a pedagógica del curso y la 
funcionalidad de las plataformas edX y UPVx, sin registrar el placer de la experiencia 
de aprendizaje del usuario. Con esta propuesta se evaluará la formación on-line por 
primera vez en la UPV con ı́tems que valoren la experiencia de la interacción o User 
eXperience (UX). Esto significa conocer la percepción del usuario sobre la usabilidad 
y placer de uso de la plataforma con el fin de mejorar los UPV MOOCs. Para ello, se 
ha integrado en la encuesta sobre los MOOC UPV el modelo breve de cuestionario de 
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Thomaschewski (2017) “User Experience Questionnaire Short” (UEQ-S). Esta 
encuesta se ha adaptado al español y al usuario de la encuesta MOOC UPV, con el 
objeto de obtener valores sobre el placer de uso, atractivo, eficiencia, estimulación y 
usabilidad de la plataforma de e-learning. Ası́, la integración del UEQ-S en el 
cuestionario MOOC UPV nos permitirá obtener nuevos datos para investigar sobre la 
interacción con la plataforma con el fin de potenciar y mejorar el futuro de la 
experiencia de aprendizaje en los MOOCs UPV y posicionar a la UPV como referente 
en formación on-line abierta masiva.  

Keywords: experiencia usuario, MOOC, usabilidad, placer de interacción, plataformas 
on-line, percepción e-learning, UX, user experience, cuestionario aprendizaje 
interactivo, diseño de interfaces.   

 

1. Introducción  

La incipiente demanda de la formación on-line por un público masivo y global ha 
originado la producción de Massive Open Online Courses (MOOCs) en universidades 
de todo el mundo. De esta manera, desde 2012 los cursos abiertos a un público ilimitado 
a través de plataformas en internet como edX, Udacity, FutureLearn o Coursera están 
experimentando un crecimiento exponencial (Espada y col. 2014). En este ámbito de 
educación abierta masiva on-line, la Universitat Politècnica de València (UPV) 
actualmente ofrece los MOOCs a través de las plataformas edX y UPVx. Atendiendo a 
la clasificación MOOC (2014) (Espada y col. 2014), los MOOCs UPV son “xMOOCs”, 
puesto que se generan en el contexto de la universidad y siguen una estructura y 
metodologı́a similar a otros cursos universitarios, siendo además impartidos por 
miembros de la propia UPV. Actualmente la UPV se posiciona como la quinta 
universidad a nivel mundial en número de cursos realizados en edX (la plataforma de 
MOOC impulsada por Harvard y el MIT), con más de 60 cursos y más de 200.000 
alumnos (Noticia UPV: Top 5 mundial en MOOC La Universitat Politècnica de 
València y la plataforma edX, impulsada por MIT y Harvard, renuevan su colaboración 
2018). En 2018, la UPV se ha convertido en la primera universidad de habla hispana en 
superar el millón de inscripciones en edX (Noticia UPV: La UPV, primera universidad 
de habla hispana en superar el millón de inscripciones en edX, la plataforma de MOOC 
impulsada por Harvard y el MIT 2018).  

Los MOOCs UPV son cursos on-line abiertos a toda la población mundial, y 
fundamentalmente de habla hispana, donde cientos de miles de estudiantes acceden a 
la plataforma de aprendizaje con diversidad de habilidades, de edad, de culturas, de 
procedencia y de lugares fı́sicos de acceso, en diversos momentos y con diferencias en 
tiempo y en comportamiento de navegación (Sanchis-Font y col. 2017). Por ello, se 
requiere en estos entornos interactivos un diseño de interfaces de aprendizaje que 
incluyan las experiencias, motivaciones, sentimientos y necesidades de todos los 
usuarios con el fin de llevar a cabo el proceso de aprendizaje con éxito a través de los 
cursos on-line. Para ello, es prioritario conocer la experiencia de usuario o “User 
eXperience” (UX) de los usuarios de entornos interactivos. El concepto UX es 
multidimensional y centrado en las necesidades humanas y aspectos de belleza, 
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diversión, placer y crecimiento personal que se experimentan en la interacción humana 
con la computadora (Zaharias y Mehlenbacher 2012).  

El concepto UX es una ampliación del concepto de usabilidad, que se define como la 
cualidad de facilidad y satisfacción de uso en un contexto determinado (Bevan 2001). 
La disciplina UX y sus aplicaciones miden no sólo las cualidades de uso, sino que 
integran todas las cualidades experienciales (emociones, creencias, comportamientos, 
…) en sistemas interactivos entre ordenador-persona, además de las caracterı́sticas de 
usabilidad. Desde la perspectiva de la interacción humana con la computadora, la 
normativa ISO 9241-210:2010 (2009) describe el UX como todas las emociones, 
creencias, preferencias, percepciones, respuestas fı́sicas y psicológicas, 
comportamientos y logros que ocurren antes, durante y después del uso.  

Con el fin de mejorar esta experiencia digital de aprendizaje masivo, los productores de 
MOOCs y universidades utilizan herramientas de evaluación de la experiencia de sus 
usuarios pero desde la perspectiva de la usabilidad (Espada y col. 2014). Sin embargo, 
es cada vez más necesario evaluar el aspecto de placer y diversión en el aprendizaje en 
lı́nea en estas plataformas MOOC, a las cuales acceden usuarios diversos y desde 
diferentes dispositivos tecnológicos. En este proyecto de investigación se presenta la 
integración de un cuestionario UX, el “User Experience Questionnaire Short” (UEQS) 
(Schrepp, Hinderks y Thomaschewski 2017) en la actual encuesta que realiza la UPV 
en sus MOOCs con el fin último de potenciar el placer de la experiencia de interacción 
y aprendizaje en las plataformas edX y UPVx.   

 

2. Objetivos  

El objetivo general de este trabajo es la integración del cuestionario validado “User 
Experience Questionnaire Short” (UEQ-S) (Schrepp, Hinderks y Thomaschewski 
2017) para obtener una rápida evaluación de la experiencia del usuario en la interacción 
con las plataformas MOOC UPV de los usuarios durante 6 meses aproximadamente 
(desde abril a septiembre 2018). Con la versión breve del cuestionario se pretende medir 
el impacto en el usuario del entorno MOOC UPV, valorando ası́ la estética y 
funcionalidad de la plataforma desde las 6 escalas y comparando los valores con 
respecto a otros productos interactivos. En concreto, los objetivos especı́ficos son:  

1. Integrar en la plataforma en encuestas UPV “Limesurvey” 
(https://www.limesurvey.org/es/) , el cuestionario UEQ-S en el actual modelo 
de cuestionario de evaluación del usuario MOOC UPV con el fin que nos 
permita recabar los datos sobre la percepción del usuario de las plataformas 
MOOC UPV de manera fácil y rápida desde las siguientes escalas con los 
valores del UEQ-S: atracción, claridad, eficiencia, fiabilidad, motivación y 
novedad.  

2. Obtener el registro de datos del máximo de usuarios de todos los cursos 
MOOC UPV desde abril hasta septiembre 2018, con el fin de poder generar 
gráficas y comparativas por tipos de usuarios (ej. hombres, mujeres, etc), 
tipos de cursos, ediciones de un mismo curso y comparativas con respecto a 
otros productos interactivos del mercado con los valores del UEQ (informe 
benchmark) (Laugwitz, Held y Schrepp 2008).  
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3. Testar la plataforma MOOC UPV en base al diseño de la experiencia del 
usuario (UX) mediante el cuestionario validado cientı́ficamente UEQ-S.   

 

 
Fig. 1: Estructura de las 6 escalas valoradas en el UEQ-S: atracción, claridad, eficiencia, fiabilidad, 
motivación y novedad (Rauschenberger y col. 2013).   
 

3. Desarrollo de la innovación  

3.1 ¿Qué es UEQ-S?  

El cuestionario UEQ-S (Schrepp, Hinderks y Thomaschewski 2017) es la versión breve 
del cuestionario “User Experience Questionnaire” (UEQ) (Rauschenberger y col. 
2013), que evalúa el impacto y percepción del usuario sobre las propiedades de un 
producto interactivo. Ambos cuestionarios evalúan las cualidades de “eXperiencia del 
Usuario”, disciplina tambien conocida como “User eXperience” o UX, la cual valora 
no solo la usabilidad del producto interactivo, sino que además se centra en su atractivo 
y el placer de uso percibido por el usuario.  

Con esta finalidad, el cuestionario UEQ-S mide dos grandes grupos de cualidades sobre 
la experiencia de uso del producto, plataforma o entorno interactivo (pragmático y 
hedónico) organizadas en 6 escalas: atracción, claridad, eficiencia, fiabilidad, 
motivación y novedad (véase Figura 1).   

 

3.2 ¿Qué ıt́ems valora UEQ-S?  

Ya hemos comentado que el cuestionario UEQ-S es la versión reducida del cuestionario 
UEQ (Rauschenberger y col. 2013). El cuestionario original UEQ registra 26 ı́tems para 
evaluar esas mismas 6 escalas. En la versión reducida UEQ-S los ı́tems 1 a 4 evalúan 
la cualidad pragmática (usabilidad) y los ı́tems 5 a 8 miden la cualidad hedónica (placer 
de uso) como ilustra la Figura 2, versión inglesa, y la Figura 3, versión española. Cada 
uno de los ı́tems se valora con una puntuación de 1 a 7 según la escala likert (Likert 
1932).  
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Fig. 2: Ítems y cualidades de la versión inglesa del cuestionario UEQ-S (Schrepp, Hinderks y 
Thomaschewski 2017) con los ı́tems destacados en dos colores según la cualidad que valoran (azul: 
cualidad pragmática; naranja: cualidad hedónica).   

 

 
Fig. 3: Ítems y cualidades en español del cuestionario UEQ-S, extraı́dos de la versión española del 
UEQ (Rauschenberger y col. 2013), con los ı́tems destacados en dos colores según la cualidad que 
valoran (azul: cualidad pragmática; naranja: cualidad hedónica).   

En 2017, R. Sanchis-Font realizó la adaptación de determinados ıt́ems a un castellano 
más comprensible para el usuario hispanohablante y de entornos interactivos de 
educación superior on-line de universidades españolas. Esta adaptación se realiza para 
el cuestionario UEQ original de 26 ı́tems para la investigación en UX del entorno de 
los másteres oficiales on-line de la Universitat de València desarrollados desde 
Fundación IVI. Ası́, el UEQ se adapta en lenguaje con la previsión de poder aplicarlo 
en los productos interactivos on-line de otras universidades españolas. De estos ı́tems 
algunos pertenecen al cuestionario UEQ-S, tal y como se observa en la Figura 4.   

Las herramientas de medición y valores que provee el cuestionario UEQ-S son las 
mismas que las del cuestionario largo UEQ (Laugwitz, Held y Schrepp 2008). En este 
sentido, los autores facilitan herramientas de análisis validadas para realizar una 
evaluación benchmark que integra los valores evaluados de 246 productos interactivos 
con un total de 9905 participantes (Rauschenberger y col. 2013).  
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Fig. 4: Adaptación propia del cuestionario UEQ-S para usuarios hispanohablantes de 
universidades españolas. Los ı́tems de pares opuestos están ordenados de izquierda a derecha según 
la escala likert ascendente y con los valores asignados por los autores del UEQ-S.   

 

3.3 Actual cuestionario sobre la experiencia en los MOOCs UPV 

La educación abierta de la UPV en formato MOOC realiza una encuesta a sus 
alumnos/as al finalizar el curso para conocer un poco más sobre su experiencia en la 
realización del curso y poder mejorar la experiencia de próximas ediciones. El 
cuestionario que ofrece los MOOC UPV son 12 preguntas sobre el curso, 5 sobre la 
plataforma y una sobre los módulos.  

En las Figuras 5 a 7 se muestran las pantallas de visualización desde el ordenador de un 
usuario realizando el cuestionario MOOC UPV a fecha de 23 enero 2018 (Encuesta 
MOOC UPV al curso edX Liderazgo para mandos intermedios 2018). Estas cuatro 
pantallas impresas pertenecen al cuestionario del curso MOOC UPV “Liderazgo para 
mandos intermedios” realizado a través de la plataforma edX.  

 

 

Fig. 5: Cuestionario MOOC UPV (Pantalla 1). 
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Fig. 6: Cuestionario MOOC UPV (Pantalla 2). 
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Fig. 7: Cuestionario MOOC UPV (Pantalla 3). 

 

3.4 Integración del cuestionario UX en las plataformas MOOC UPV 

Para la integración del cuestionario UX en la sección “sobre la plataforma” del 
cuestionario MOOC UPV se han adoptado las siguientes propuestas:  

1. Mantener las dos últimas preguntas ya existentes: sobre los navegadores y 
comentarios de mejora.  

2. Integrar los 8 pares-ı́tem del UEQ-S en la sección de preguntas sobre la 
plataforma, la cual se encuentran en la pantalla 3 (Figura 7).   

3. Después valorar con detenimiento aquellas preguntas que el actual 
cuestionario de MOOC UPV presenta y las cuales encontramos de manera 
similar desde el cuestionario UEQ-S, se propone eliminar las primeras 3 
preguntas de la sección de la plataforma (pantalla 3, Figura 7). Las preguntas 
que podrıámos evaluar desde el cuestionario UEQ-S son:  

Creo que la velocidad de respuesta de la plataforma ha sido… 
(Esta pregunta estarı́a incluida en el par “ineficiente-eficiente”) 

¿Has tenido algún problema con la plataforma?  
(Esta pregunta estarı́a incluida en los pares de ıt́ems en color azul -
escalas pragmáticas-)  
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Para mı́ utilizar la plataforma (cambiar de unidad, acceder a los 
exámenes, cambiar de lección o actividad, ver los vı́deos, acceder 
al perfil, etc) ha sido. . .  
(Esta pregunta estarı́a incluida en los pares de ıt́ems en color azul -
escalas pragmáticas-)  

4. En el caso de que “edX Analytics” nos impida conocer los dispositivos de 
acceso al curso MOOC UPV por el usuario, se incluirá la siguiente pregunta:  

¿Con qué dispositivos accedes al curso? (puedes seleccionar más 
de 1): PC / Tablet / Móvil / Otros  

5. El cuestionario UEQ-S se ha adaptado para el usuario MOOC UPV del 
siguiente modo (véase Figura 8). La Figura 9 muestra la interfaz gráfica del 
cuestionario:   

a) Semánticamente para que todos los ıt́ems sean adjetivos y de 
género femenino (acorde con el sustantivo calificado: “la 
plataforma es...’).  

b) Semánticamente los ı́tems se diferencien más entre sı,́ y se ajusten 
más al aspecto valorado por el usuario MOOC UPV de habla 
hispana (por ejemplo, el ı́tem “impulsor de apoyo” se modificó en 
la versión larga para actuales investigaciones de plataformas de 
estudios de posgrado a “ofrece ayuda”, en la propuesta para 
MOOCs UPV se ha resumido en una frase adjetivo, “de apoyo”).   

c) Para cada ı́tem semánticamente positivo se incluyen ejemplos para 
facilitar al usuario su comprensión. Estos ejemplos son más 
genéricos por dos motivos, uno de ellos es para no influir 
demasiado en la decisión del usuario en el momento de la respuesta. 
Otra de las razones atiende a que cada usuario es diferente y su 
percepción también. El ejemplo genérico permitirá que, dentro esa 
diversidad de usuarios, que cada encuestado pueda ver recogida 
todas sus experiencias interactivas y asignarles un valor percibido. 
Por eso también los ejemplos se presentan con verbos 
impersonales.  
No obstante, se propone dejar el cuestionario UX lo más genérico 
posible en esta primera fase de recogida de datos (de abril a 
septiembre 2018) ya que es susceptible de ajuste para una segunda 
recogida. Tras los resultados preliminares se prevé poder obtener 
información sobre aspectos valorados positivamente y 
negativamente de la plataforma MOOC UPV y poder centrar la 
investigación en aquellos aspectos de interés según tipo de usuario 
(por ejemplo: usuario hombre y usuario mujer), de manera que 
podamos detallar ejemplos e incluso incluir nuevas preguntas sobre 
su experiencia interactiva.  

d) Además, estéticamente para no confundir al usuario en el método 
de presentación de las respuestas se presentarán todos los ıt́ems 
semánticos con connotaciones positivas a la derecha y todos los 
negativos a la izquierda. Este cambio implica que algunos pares de 
ı́tems inviertan el orden de visualización asignado por los autores 
del UEQ-S.   
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Fig. 8: Cuestionario UEQ-S adaptado para MOOC UPV. 
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Fig. 9: Interfaz del cuestionario UEQ-S integrado en el cuestionario MOOC UPV extraı́do en Abril 
2018 del curso en edX ”Buscar en Internet”.  

 

4 Conclusiones  

Por primera vez la UPV introduce un cuestionario validado cientı́ficamente en la 
evaluación de los MOOC por los estudiantes, y que además evalúa la experiencia de la 
interacción de los usuarios desde la perspectiva UX. La integración del cuestionario 



User eXperience evaluation on university virtual learning through sentiment analysis | R. Sanchis-Font   

49 
 

corto de experiencia del usuario UEQ-S en los MOOC UPV nos permitirá conocer tanto 
la usabilidad como el placer de uso que experimentan la multitud y diversidad de 
usuarios de cursos abiertos masivos on-line de la UPV. Los datos obtenidos en las 
encuestas nos facilitará información sobre aspectos de preferencia y comportamiento 
de la interacción de los usuarios con el fin último de potenciar experiencias placenteras 
de aprendizaje online. Los resultados analizados de este cuestionario integrado en los 
MOOC UPV nos ayudarán a establecer las pautas para desarrollar un diseño de interfaz 
de experiencias positivas de aprendizaje masivas, en abierto, online y adaptado a todos 
los usuarios. De esta manera se pretende que todo usuario global de MOOC escoja 
siempre a la UPV como su primera opción para su formación en abierto y en lı́nea 
porque ofrece experiencias de aprendizaje online placenteras, atractivas y motivadoras.   
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2.3. Publication 3 | APPLYING SENTIMENT 
ANALYSIS WITH CROSS-DOMAIN MODELS 
TO EVALUATE USER EXPERIENCE IN 
VIRTUAL LEARNING ENVIRONMENTS 
 

APPLYING SENTIMENT ANALYSIS WITH CROSS-DOMAIN 
MODELS TO EVALUATE USER EXPERIENCE IN VIRTUAL 
LEARNING ENVIRONMENTS 

Sanchis-Font, R., Castro-Bleda, M.J., González, JÁ. (2019). In: 
Rojas, I., Joya, G., Catala, A. (eds) Advances in Computational 
Intelligence. IWANN 2019. Lecture Notes in Computer Science 
(LNCS), vol 11506. Springer, Cham.  

DOI: https://doi.org/10.1007/978-3-030-20521-8_50 

 

In Publication 3 we test the application of machine learning 
sentiment analysis tools to the free text comments of 133 users 
of graduate courses and MOOCs (37 in English and 96 in 
Spanish) in order to obtain their polarity (positive, negative or 
neutral). To do so, we use cross-domain models trained with a 
corpus from different domains, models trained with a corpus from 
different domains (Twitter posts for each language) and models 
trained with general domains. 

The results will allow us to advance the research in the following 
work published in greater depth to apply sentiment analysis 
techniques in order to assess the experience of online university 
students more accurately. 
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2.4. Publication 4 | CROSS-DOMAIN POLARITY 
MODELS TO EVALUATE USER EXPERIENCE 
IN E-LEARNING 
 

Sanchis-Font, R., Castro-Bleda, M. J., González, J. Á., Pla, F., & 
Hurtado, L. F. (2021). Cross-Domain polarity models to evaluate 
user eXperience in E-learning. Neural processing letters, 53(5), 
3199-3215. 

 

Publication 4 investigates the automatic evaluation of the user 
experience of e-learning platforms with a larger number of 
sentiment analysis techniques and a robuster corpus. This study 
evaluates the opinions of 583 users (107 English speakers and 
476 Spanish speakers) and their positive, negative or neutral 
polarity by applying six different models (3 deep neural network 
models and 3 commercial sentiment analysis tools). The results 
allow us to advance in UX e-learning research with artificial 
intelligence techniques, which will be the starting point of 
publication 5 with the aim of analysing the sentiment of 
characteristic elements in e-learning. 
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020-10260-5 
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2.5. Publication 5 | E-LEARNING UNIVERSITY 
EVALUATION THROUGH SENTIMENT 
ANALYSIS CENTERED ON USER EXPERIENCE 
DIMENSIONS 
 

Sanchis-Font, R., Castro-Bleda, M., Jorda-Albiñana, M., Lopez-
Cuerva, L. (0). DYNA, DYNA-ACELERADO (0). [5 pp]. (2022)  

DOI: https://dx.doi.org/10.6036/10603  

 

FONT, R. S., BLEDA, M. J. C., ALBIÑANA, M. B. J., & CUERVA, 
L. L. (2023). EVALUACIÓN DEL APRENDIZAJE EN LÍNEA 
UNIVERSITARIO MEDIANTE ANÁLISIS DE SENTIMIENTO 
CENTRADO EN DIMENSIONES DE EXPERIENCIA DE 
USUARIO. DYNA, 98(2), 147-153. 

 

Publication 5 proposes the basis for a method to automatically 
evaluate the UX of university online learning platforms by 
analysing student sentiment, focusing on specific aspects of their 
e-learning experience. Out of 2,035 online university students 
surveyed, the opinions of 476 users in Spanish were collected. 
These comments were processed with the commercial natural 
language processing tool MeaningCloud to analyse sentiment 
(positive, negative or neutral) about aspects of their online 
experience.  

The results of this article present a new model that, on the one 
hand, ontologically classifies categories and aspects of online 
education with sentiment analysis techniques, and, on the other 
hand, the model groups these categories according to UX criteria 
presenting its own classification to facilitate the evaluation of 
online learning experiences in an accurate and automatic way 
and adjusted to specific characteristics. 

https://dx.doi.org/10.6036/10603
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ABSTRACT: 
The COVID-19 crisis increased the 
number of users of university online 
teaching, enhancing the importance of this 
learning format. Additionally, ISO 9241-
210:2019 standard sets the international 
standards for the design of products, 
services and interaction systems from 
usability, accessibility, and user 
experience (User eXperience - UX) 
perspective. Then, in order to design 
interfaces and learning experiences that 
include motivations, feelings and needs of 
end users, it is necessary to previously 
evaluate the UX of these environments, 
with less general and/or laborious 
methods than those that currently exist. 
Therefore, this work aims to establish the 
basis of a method that allows automatically 
to evaluate the UX of online teaching 
platforms by analyzing the users' 
sentiment about specific aspects of their 
virtual learning experience. 

RESUMEN: 
La crisis COVID-19 incrementó el número de 
usuarios de enseñanza online universitaria 
potenciando la importancia de este formato de 
aprendizaje. Adicionalmente, la normativa ISO 
9241-210:2019 marca los estándares 
internacionales para el diseño de productos, 
servicios y sistemas de interacción desde la 
usabilidad, accesibilidad y la experiencia de 
usuario (User eXperience - UX). Así, con el fin 
de diseñar interfaces y experiencias de 
aprendizaje que incluyan motivaciones, 
sentimientos y necesidades de los usuarios 
finales se precisa evaluar previamente la UX 
de estos entornos, con métodos menos 
generalistas y/o laboriosos de los que 
actualmente existen.  
Este trabajo pretende establecer las bases de 
un método que permita evaluar 
automáticamente la UX de plataformas de 
enseñanza en línea mediante el análisis del 
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To do this, 2,035 users were surveyed 
about their online learning experience with 
a questionnaire and an open text field to 
give their opinion. The population 
surveyed were online postgraduate 
students of the Universitat de València and 
the Universidad Rey Juan Carlos, and 
university students of massive open online 
courses of the Universitat Politècnica de 
València. The opinions collected in 
Spanish from 476 students were 
processed with the commercial sentiment 
analysis and natural language processing 
tool MeaningCloud, to analyze the 
sentiment (positive, negative, or neutral) 
about aspects of their experience. 
The results present a new model that, on 
the one hand, ontologically classifies 
categories and aspects of online education 
with sentiment analysis techniques, and 
on the other hand, the model groups these 
categories according to UX criteria, 
presenting its own classification to 
facilitate the evaluation of online learning 
experiences in a concrete and automatic 
way. 
Keywords: user experience, UX, e-
learning, virtual learning, sentiment 
analysis, data mining, MeaningCloud, 
natural language processing, university 
online learning, user centered design, 
UCD, NLP, VLE  

sentimiento de los usuarios sobre aspectos 
concretos de su experiencia de aprendizaje 
virtual. Para ello, se encuestaron a 2.035 
usuarios sobre su experiencia de aprendizaje 
en línea con un cuestionario campo abierto de 
texto para opinar. La población encuestada 
eran estudiantes online de posgrados de la 
Universitat de València y de la Universidad Rey 
Juan Carlos, y estudiantes universitarios de 
cursos masivos abiertos en línea de la 
Universitat Politècnica de València. Las 
opiniones recopiladas en español de 476 
estudiantes se procesaron con la herramienta 
comercial de procesamiento del lenguaje 
natural MeaningCloud, para analizar el 
sentimiento (positivo, negativo o neutro) sobre 
aspectos de su experiencia.  
Los resultados presentan un nuevo modelo 
que, por un lado, clasifican ontológicamente 
categorías y aspectos de la educación en línea 
con técnicas de análisis de sentimiento, y por 
otra parte, el modelo agrupa estas categorías 
según criterios UX presentando una 
clasificación propia para facilitar la evaluación 
de experiencias de aprendizaje online de 
manera precisa y automática.  
  
Palabras clave: experiencia de usuario, 
aprendizaje virtual, análisis de sentimiento, 
minería de datos, enseñanza en línea, 
MeaningCloud, procesamiento lenguaje 
natural, aprendizaje en línea universitario, 
diseño centrado en el usuario, UX, DCU, PLN, 
VLE 

 
1.- INTRODUCTION 
 
Online learning in higher education is a teaching model increasingly in demand due to 
the flexibility and personalization of the study system. Distance learning through virtual 
environments (e-learning) allows learning at the pace, time and place of each student, 
Berge. [1]. The COVID-19 world crisis triggered the number of new users in university 
institutions that began to use the online or hybrid teaching format (face-to-face and 
online simultaneously) with the consequent massive use of ICT tools (Information and 
Communication Technologies) applied to education, Ntshwarang. [2]. 
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In recent years, human-computer interaction (Human Computer-Interaction -HCI-) in 
the field of higher education is the subject of research in order to ensure the success 
of the training of university students and the quality of online learning. In this sense, 
some factors evaluated in the quality of interactive learning are the faculty, the e-
learning system and the educational content according to Alebeisat [3]. The 
specifications for the quality of HCI systems are detailed in the ISO 9241-210:2019 
standard. [4with a framework on interaction that considers usability, accessibility and 
user experience based on user-centered design. ISO describes user experience-User 
eXperience (UX)-as all the emotions, beliefs, preferences, perceptions, physical and 
psychological responses, behaviors and achievements that occur before, during and 
after the use of interactive systems. For Zaharias and Mehlenbacher [5] UX is a 
multidimensional concept focused on human needs and aspects of beauty, fun, 
pleasure and personal growth that are experienced in human interaction with the 
computer. Other authors, such as Rauschenberger et al. [6] define UX as a concept 
that encompasses both pragmatic (clarity, efficiency and dependence) and hedonic 
(stimulation and novelty) qualities. Along these lines, Hassenzahl [7] highlights the 
importance of the pragmatic aspect of interactive products and the hedonic aspect for 
the design of experiences, understanding the UX concept as a consequence of the 
user's internal state (predispositions, expectations, needs, motivation, mood, etc. ), the 
characteristics of the designed system (complexity, purpose, usability, functionality, 
etc.), and the context. 

Moreover, in 2015, the UN adopted the 2030 Agenda with 17 Sustainable Development 
Goals (SDGs) to improve the lives of all. Goal 4 aims to ensure inclusive, equitable and 
quality education and promote lifelong and lifewide learning opportunities for all, 
including university education. UNESCO's regular report on SDG 4 [8] highlights the 
need for inclusive and quality ICT tools for learning.  

Students access the digital medium with different abilities, age, culture, location, 
context, browsing behavior, study, socialization and interaction within the same virtual 
learning environment, Sanchis-Font et al. et al [9]. Therefore, learning environments 
designed with interfaces that include the motivations, feelings and needs of all end 
users are required, with inclusive experiences that facilitate a successful learning 
process through university online training platforms. A deep understanding of the UX 
of these platforms will enhance the design of environments that meet the functional, 
aesthetic and emotional characteristics and needs required by users. In order to 
understand the user's opinion from this perspective, Spallazo [10] brings together the 
129 UX evaluation methods for interactive systems, the most prominent of which by 
several authors, Diaz-Oreiro [11] AtrakkDiff, UEQ or meCUE. Although these UX 
evaluation tools are very widespread, their application to the field of online education is 
very limited, as they are laborious to process and not very specific. 
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On the other hand, Natural Language Processing (NLP) technologies allow to analyze 
the user's opinion from text and sentiment analysis. Thus, Clarizia [12] proposes to use 
data mining to analyze the sentiment present through text comments among students 
in order to allow the teacher to better match the mood of online learners. The authors 
aim to outline a model that successfully responds to the analysis task, rather than the 
results of the experience, by obtaining an overall analysis of user sentiment. Depending 
on the level at which one wishes to treat the text, one can extract the polarity of the 
whole document, Moraes [13], the polarity of each sentence in Sanchis-Font et al. 
[14]or the polarity of each aspect appearing in the text. In other research Sanchis-Font 
et al.[15] apply NLP models with data mining to evaluate such systems automatically 
in order to know the polarity of each sentence expressed by users of university e-
learning platforms, improving automation and efficiency in the UX evaluation process. 
The results of the research were very encouraging, but only allowed to know the 
assessment of the experience in a generic way as positive, negative or neutral and still 
did not show concrete aspects of a virtual learning experience such as the concepts 
"video", "slides", "teacher", etc.  
 
Other preliminary studies on the application of sentiment analysis techniques to 
analyze the perceptions of distance learners have also been published, Magayon [16] 
and Mac Kim [17]. Both works focus on general aspects of the experience without 
addressing specific characteristics of the online learning process from a user 
experience (UX) perspective. So, the problem of detecting concrete areas of 
improvement of the e-learning user experience in an automatic way remains 
unresolved.  
 
Therefore, this work seeks more efficient and accurate automatic methods and tools 
for UX evaluation in e-learning contexts with respect to certain aspects associated with 
the experience.  
 

Currently, there are several commercial NLP tools on the market that analyze sentiment 
on texts automatically. Thus, MeaningCloud, Google Cloud Natural Language or 
Microsoft Azure Text Analytics stand out for their widespread use. In this area, we found 
studies of sentiment analysis of user comments on their experience with commercially 
available techniques, Zulkifli et al. [18]. These authors analyze the polarity of English 
customer reviews from Amazon, Yelp and IMDb on social networks using three tools: 
Python NLTK Text Classification, Myopia and MeaningCloud. The study showed that 
MeaningCloud is the technique with the highest accuracy at 82.1%. MeaningCloud is a 
commercial text analytics NLP API and tool, released in 2015 as an evolution of an 
earlier product called Textalytics. Both tools have been validated by several authors in 
the study of their performance, Joshi [19], Singh [20], or Zulkifli [18].   
 
In order to evaluate the UX in e-learning, authors such as Zaharias [5], Ovesleová [21] 
or Mtebe [22] have established a series of UX categories or criteria applied to the field 
of online education that clarify the guidelines to ensure a user-centered design of 
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interactive learning platforms and a positive and quality experience, but without 
developing automated methods. Therefore, taking as a reference the UX 
characteristics relevant to the e-learning domain defined by these authors, the present 
study aims to classify the opinions in favor, against or neutral in an automated way 
focusing on specific characteristics and dimensions of the user experience of online 
learning in university environments. For this purpose, this research presents the 
creation and application of an ontology model of UX in e-learning that allows using NPL 
tools to extract the themes of user comments in Spanish to detect the UX aspects of 
interactive learning systems associated with three dimensions and their aspects (VLE 
- Virtual Learning Environment-, Social Connections -Student, Communication and 
Teacher- and Learning Resources and Tools -Exercise, Assessment, Image, Material 
and Sound-) and analyzes the polarity of user sentiment for these dimensions being 
positive, negative or neutral.  
 
In short, the present work offers, for the first time, the basis of an automatic artificial 
intelligence model that would allow the evaluation of user experience from sentiment 
analysis limited to university online learning environments and their related aspects, 
with the ultimate goal of improving the design of the online university student 
experience.  
 
2.- MATERIALS AND METHODS  
 

2.1.- CREATION OF THE CORPUS BASED ON E-LEARNING USER 
OPINIONS  
For the creation of the corpus, we used the data previously obtained in the research by 
Sanchis-Font [15] on the experience of using e-learning platforms for graduate and 
undergraduate courses. The data came from the validated UEQ and UEQ-S user 
experience questionnaire with an open field for learner observations that was provided 
to 2,035 users during 2016 and 2018, which were biomedical postgraduate students 
coming from the Universitat de València (UV) and the Universidad Rey Juan Carlos 
(URJC), and university students of massive open online courses (Massive Open Online 
Course -MOOC-) of the Universitat Politècnica de València (UPV). The online training 
was carried out on three different platforms depending on the university providing the 
course. Thus, the questionnaires were adapted and integrated into the ad-hoc system 
called "Conecto" (in Spanish and English) for the UV master's degree courses, the open 
source Moodle platform (in Spanish) for the URJC postgraduate courses, and the edX 
platform for the UPV MOOCs. [23].   
 
Of the 2,035 respondents, only 583 users made comments, of which 476 commented 
in Spanish and 107 in English. For the present study, only the data collected from the 
opinions of users who responded in Spanish to a free text field with their comments 
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(476 users) were used. Comments without information or sentences that were not 
meaningful (e.g., "nothing") were manually cleaned. In this way we obtained 410 useful 
comments from different users. These opinions formed a corpus consisting of 599 
utterances (including phrases and sentences -with verb-). Thus, machine learning 
models of sentiment analysis would allow us to classify the aspects found in these 
sentences based on their Positive (P), Neutral (NEU) or Negative (N) polarity. Three 
examples from the corpus and how they were desired to be classified are shown in 
Table A of the appended supplementary material. 
 

2.2.- CREATION OF AN ONTOLOGY OF E-LEARNING ASPECTS 
The ontology was created based on the corpus found in the user comments (599 
statements). The corpus consists of a closed set of texts or data intended for scientific 
research and the ontology catalogs the variables required for some set of computation 
and establishes the relationships between them. The authors created the ontology in 
order to be able to categorize the aspects present in the text and focused on nine 
categories or aspects related to the main peculiarities of a virtual learning system. Each 
sentence was classified into one aspect or category. For this purpose, entries or entities 
in the text were detected. An entry or entity is a word that can appear in the text denoting 
a category. For example, possible entries for the VLE aspect or category would be 
course, environment, experience, master, etc. 
 
To select the different ontology entries, at a first stage the inclusion or exclusion criteria 
were based on the expert knowledge of the task, i.e. the authors' knowledge of which 
concepts may be the most important for online learning, and the entities that the authors 
know from their experience in the field were selected, e.g. entities such as "tutor" or 
"student" were chosen. 
 
In this way, a proprietary ontology of e-learning aspects was created to evaluate the 
user experience based on the following categories or aspects: VLE, teacher, learner, 
sound, image, material, exercise, evaluation and communication. For each category, a 
list of entities or entries related to the e-learning aspect to be analyzed was detailed. 
The complete description of the ontology itself is detailed in table B of the 
supplementary material. 
 

Next, an analysis of word frequency and its importance in the text was performed using 
the default ontology of MeaningCloud and Google Cloud Natural Language. Thus, in a 
first phase, the frequencies of occurrence of the various words present in the corpus 
were analyzed together with the metrics returned by the tools, which indicated how 
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important the words are in the utterances. The non-formal validation of the ontology 
was given by the high concordance between the a priori knowledge together with the 
most repeated words that the tools considered most important. There were 248 
occurrences of aspects related to the categories of the e-learning ontology itself, as 
shown in Fig. 2.  

 
2.3.- APPLICATION AND EVALUATION OF PNL TOOL FOR THE 
ANALYSIS OF SENTIMENT AT ASPECTUAL LEVEL IN E-LEARNING 
To analyze the user experience aspects of online learning platforms in our data corpus, 
consisting of 599 utterances, we applied the commercial NLP MeaningCloud tool, 
specifically its free text sentiment analysis application programming interface (API) [24]. 
This is one of the tools on the market for text analysis with data mining that allows the 
own creation of ontologies through a web interface, the authors being able to select the 
key aspects associated with the UX evaluation and enter the ontologies used. The 
software used for sentiment analysis at the aspectual level in e-learning was 
MeaningCloud, Sentiment Analysis API version 2.1. [25]. The tool returns a file with the 
information that has to be processed, analyzed and converted to graphs. The 
processing, analysis and creation of graphs was done with proprietary software that the 
authors programmed in Python.  
The tool uses a polarity scale consisting of six elements, but we have compressed them 
into the three basic polarities, using proprietary tools developed for the task:  

• Negative: it joins the negative polarity N and very negative N+. 
• Positive: it links the positive polarity P and very positive polarity P+. 
• Neutral: joins polarity NEU and no NONE. 

 
2.4.- CLASSIFICATION OF CATEGORIES OF SENTIMENT ANALYSIS 
IN UX DIMENSIONS IN E-LEARNING 
Subsequently, to automatically evaluate e-learning systems from the UX perspective, 
we propose the classification and relationship of the categories present in our ontology 
grouped into three UX dimensions present in the UX e-learning research of Zaharias 
[5]Ovesleová [21] and Mtebe [22]. This classification of categories is shown in Table I. 
The three authors largely agree on the importance of three areas: the online teaching 
platform, social relations, and the availability of resources and didactic tools for the 
quality of online learning. For this reason, we propose a grouping of the categories of 
our ontology into three UX dimensions in e-learning, which we will call "UXEL 
Dimensions": 

• VLE (Virtual Learning Environment) refers to the practical and functional 
properties of the virtual learning platform and includes only the VLE category.  
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• Social Connections groups together the whole set of tools that enable 
interpersonal communication and collaboration in e-learning systems. This 
dimension includes the categories Student, Communication and Teacher. 

• Learning resources and tools encompasses the whole set of materials and 
resources used in the learning process, from exams or exercises to videos 
and their graphic and sound quality. This dimension includes the categories 
Exercise, Evaluation, Image, Material and Sound. 
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Table I: Relationship between e-learning UX categories and ontological categories 
and dimensions in online learning platforms ("UXEL Dimensions"). 

 

 

 
Diagram of the experimentation process at the programmatic level. 

 
Own e-learning 
ontological 
categories 

 
Categories 
Zaharias-Pappas 
Model 

 
Requirements 
Ovesleová 

 
Mtebe Criteria 

 
UXEL dimension 

VLE  Pragmatics Capturing attention - VLE 

Professor  Autonomy and 
relationships 

Guided teaching Collaborative 
learning 
 

Social connections 

Student  Autonomy and 
relationships 

Guided teaching Collaborative 
learning 

Social connections 

Sound  Real learning  Stimulus 
presentation 

Didactic Materials 
Accessibility 

Learning resources and tools 

Image Real learning Stimulus 
presentation 

Didactic Materials 
Accessibility 

Learning resources and tools 

Material Real learning Stimulus 
presentation 

Didactic Materials 
 

Learning resources and tools 

Exercise  Real learning  Performance 
achievement. 
Improve knowledge 
retention and transfer 

Didactic Materials 
Feedback and 
evaluation 

Learning resources and tools 

Evaluation  Pragmatics  Evaluation 
performance 

Feedback and 
evaluation 

Learning resources and tools 

Communication  Autonomy and 
relationships 

Guided teaching  Collaborative 
learning 

Social connections 
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3.- RESULTS AND DISCUSSION 
 

3.1.- OWN ONTOLOGY OF E-LEARNING CATEGORIES AND 
ASPECTS 
The ontology defined in this work was based on nine categories that encompass the 
main peculiarities of an e-learning system. Part of the work has focused on reorganizing 
the aspects that make up our dataset of the three UX dimensions of online learning 
(VLE, Learning Resources and Tools, and Social Connections) in order to analyze their 
polarity using the MeaningCloud tool and evaluate the UX of the analyzed university 
courses.  
As for the distribution by categories, Fig. 2 shows that the most frequent category is 
VLE, with 115 appearances. The second most commented category is "Image", which 
has appeared a total of 47 times and the rest of the categories have 25 or less 
appearances. 

 
Figure 2. Histogram of frequency of appearance by category in MeaningCloud. 
 
In Fig. 2 we observe how 248 aspects have been classified by MeaningCloud, 
representing VLE 46.37%, image 18.96%, material 10.09%, teacher 8.47%, 
communication 6.45%, evaluation 4.43%, sound 3.22%, learner 1.61% and exercise 
0.40%. 
 
This means that, among the 599 statements collected in this research belonging to a 
total of 476 students, MeaningCloud detected 248 aspects or categories of the self-
ontology associated with the UXEL dimensions. The most named category was the 
virtual learning platform (VLE) which appeared 115 times. The second most mentioned 
UXEL dimension was Learning Resources and Tools with 92 different entries (Exercise, 
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Assessment, Image, Material and Sound). Aspects related to interpersonal 
communication and collaboration offered by the university learning experience, 
grouped in the Social Connections category (Teacher, Student, Communication) were 
named 41 times. These data are shown in Fig. 4.  
 

 
Figure 3. The ten entities or entries with the highest frequency of occurrence detected 
in MeaningCloud. The data show the number of times each entity has been detected 
by MeaningCloud and the category to which they belong (in parentheses). 
 
Fig. 3 shows how "platform" is the most detected aspect followed by "experience". It is 
important to note that the data used come from various virtual learning platforms 
(Moodle, Ad-hoc -Conecto and edX). However, the results of frequency of most 
detected entries show the object of greatest interest for students, with the entities 
"platform", "experience" and "viewing" and "video" being the most mentioned in the data 
set coming from the three university e-learning platforms. 
 

3.2.- UXEL DIMENSIONS 
The total aspect-level polarity for the 248 e-learning aspects rated by MeaningCloud 
was 113 aspects rated as positive (45.56%), 99 neutral (39.91%) and 36 negative 
(14.5%), highlighting an overall positive e-learning experience for the surveyed 
students. 
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The results of sentiment analysis by UXEL categories and dimensions are shown in 
Fig. 4 to 7. Fig. 4 shows how MeaningCloud distributes the number of aspects and 
ranks them in the three dimensions. "Social connections" presents a lower number of 
aspects, while VLE is the most mentioned dimension.  
 

 
Figure 4: Relative distribution of UXEL dimensions, with the number of entries and 
their percentage of mention.  
 

 

Figure 5: Relative distribution of sentiment of the UX category and dimension "VLE" in 
percentage values. 
 

VLE:115
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Recursos y Herramientas de 
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Total "VLE"

Total "VLE"
% Negative 9
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"VLE"
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Fig. 5 shows the extent to which the comments on the VLE category and the UXEL 
dimension are positive, neutral or negative. As this figure shows, the virtual learning 
platform (VLE) of these university courses is the highest rated dimension with 76% of 
positive opinions. This reinforces the positive polarity results of 45.56% obtained in the 
overall experience.  
 

Figure 6: Relative distribution of the categories of the "Social connections" dimension 
in percentage values.  
 
Fig. 6 shows how the most abundant rating of both the complete dimension and its 
different categories is neutral. Furthermore, it can be seen that the "Student" category 
does not have any negative rating and the "Communication" category receives the 
highest percentage of criticisms, despite this there is a balance between the proportion 
of positive and negative aspects of the dimension as a whole.  
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Figure 7: Relative distribution of the categories of the "Resources and Learning Tools" 
dimension in percentage values. 
 
Analyzing the "Material and learning tools" dimension, we obtain a similar percentage 
of aspects with positive and negative evaluations. The "Exercise" category stands out, 
receiving only neutral opinions, and "Sound", which receives 76% of negative reviews, 
being the category with the worst rating of the three dimensions analyzed.  
 
In summary, the main novelty of this approach consists in the UX evaluation through a 
proprietary ontology that allows to know the e-learning user experience dimensions 
automatically with NPL. The model reveals the aspects of improvement or success that 
directly impact the online experience of university students through three specific 
dimensions (VLE, Social Connections, and Learning Resources and Tools). In the case 
of these 476 university students, the results show that they perceived a positive 
experience when using the virtual environment, but on the other hand they expressed 
a neutral opinion with respect to the rest of the UXEL dimensions concerning 
communication tools and interpersonal collaboration or the set of materials and 
resources used.  
 
 
4.- CONCLUSIONS 
 
This research has made it possible to automatically evaluate the user experience in 
university online teaching by means of a proprietary e-learning ontology and the use of 
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free-to-use commercial tools for sentiment analysis. For the first time, the polarity of 
student opinions (positive, neutral, negative) has been classified by key categories of 
digital learning (VLE, Teacher, Student, Sound, Image, Material, Exercise, 
Assessment, and Communication) and grouped the comments into three UX e-learning 
or UXEL dimensions (VLE, Social Connections, and Learning Resources and Tools).  

 
This new model provides concrete information on the characteristics of the virtual 
learning experience that can be improved for this type of university users and which 
dimensions are valued, as is the case of the dimension "virtual learning environment" 
which was rated positively by the majority of university students. 
 
The application of sentiment analysis tools focused on aspects of online student 
opinions from the UX perspective will provide accurate and automatic information 
allowing to focus on the needs of human-computer interaction to design university e-
learning experiences that meet ISO quality standards and ensure UNESCO's SDG 4 
with inclusive, equitable and quality education for all. 
 
In future work we intend to improve the model and compare the results between 
different artificial intelligence tools, include more samples that will allow us to extend 
the ontology with new aspects of UX e-learning and develop a more accurate, robust 
and efficient automatic system that investigates user sentiment in order to obtain 
information that facilitates the design of inclusive and user-centered virtual e-learning 
environments. 
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SUPPLEMENTARY MATERIAL 

 
 

Phrase Aspect or Category Polarity 
The experience is going well.  VLE Positive 
It would seem better to me that the 
exams do not have a time limit to be 
taken, since being an online course 
one should be able to take the 
classes according to one's 
availability. 

EVALUATION 
COURSE 
MATERIAL 

Negative 
Positive 
Negative 

I really don't have much practice with 
using the platform.  

VLE Neutral 

Table A. Examples of the classification corpus for the comments of the surveyed e-
learning users (VLE, Virtual Learning Environment). 
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OR 

 

 

ALUMNO 

 

SONIDO 

 

IMAGEN 

 

MATERIAL 

 

EJERCICIO 

 

EVALUA-
CIÓN 

 

COMUNICA-
CIÓN 

EN
TR

AD
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EN

TI
DA
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 aplicación 

curso 

entorno 

experiencia 

herramienta 

interfaz 

máster  

navegador 

plataforma 

posgrado 

 

docente 

docencia 

enseñan
za 

instructor 

maestro  

ponente  

presenta
dor 

profesor  

tutor  
 

alumno  

estudiant
e  

integrant
e  

participan
te  

 

audio 

audiovisual 

entender 

escuchar 

oír 

sonido 

volumen 

 

apuntador 

audiovisual 

cámara 

dispositivo_
señalador 

enfocar 

enfoque 

filmación 

filmado 

HD 

imagen 
láser 

material_au
diovisual 

mostrar 

pantalla 
pantallazo 

powerpoint 

ppt 

proyectar 

puntero 

resolución 

reproducir 

señalador 

señalar 

slide (ENG) 

ver 

vídeo 

apuntes 

archivo 

clase 

conferencia 

contenido 

charla 

disertación 

explicación 

exposición 

diapositiva 

lección 
material 

módulo 

presentación 

recursos 

tema 

transparencia 

 

actividad 

cuestionario 

ejercicio 

encuesta 

entregable 

entrega 

preguntas 

preguntar 

respuesta 

tarea 

calificació
n 

certificado 

corrección 

corregir 

evaluació
n 

examen 

pruebas 

revisión 

test 
nota 

 

acceso 

aviso 

anuncio 

chat 

comunicación 

correo 

correo-
electrónico 

email 

foro 

interacción 
mail 

mensaje 

notificación 

post 

 
Table B. Aspects detected with domain knowledge and ontologies in the classification 
corpus for the comments of the surveyed e-learning users (VLE, Virtual Learning 
Environment). 
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3. DISCUSSION 
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The contributions made in this thesis consist of five milestones 
marked by the chapters of this research work. These findings 
delimit the basis of a method that allows the automatic evaluation 
of the UX of university online learning platforms through the 
analysis of student sentiment, focusing on specific aspects of 
their virtual learning experience.  
 
In a first stage, it has been presented an overview of different 
methodologies and features to design a user experience-
oriented e-learning that integrates aspects of user-centred 
design.  
 
In a second phase, the work provides the adapted integration of 
the User Experience Questionnaire Short (UEQ-S) (Schrepp et 
al., 2017) on the evaluation questionnaire for MOOCs users of 
the Universitat Politècnica de València (UPV). Thus, the 
integration of the UEQ-S into the general student evaluation 
questionnaire has provided new data to investigate the 
interaction with the platform in order to enhance and improve the 
future of the learning experience in UPV MOOCs. This 
application was pioneer in integrating and adapting the short 
version of the UEQ questionnaire to Spanish (Rauschenberger, 
2013) and integrating it into MOOCs environments. Currently, it 
continues to be a pioneering work, as none of the other 
integrations that have been made of the UEQ-S to date have 
been applied in e-learning environments, despite they have been 
applied in educational environments (Astuti et al. 2021) to assess 
other commercial applications such as Google Maps 
(https://www.ueq-online.org/). 
 
In a third phase, and after surveying the population, data were 
obtained on the experience of using e-learning platforms for 
postgraduate and university courses. The data came from the 
validated UEQ and UEQ-S user experience questionnaire with 
an open field for student observations provided to 2,035 users 
from 2016 to 2018, who were biomedical postgraduate students 
from the Universitat de València (UV) and the Universidad Rey 
Juan Carlos (URJC), and university students of Massive Open 
Online Courses (MOOC) from the Universitat Politècnica de 
València (UPV). The online training evaluated was carried out on 
three different learning management systems (LMS) depending 
on the university providing the course. Thus, the questionnaires 
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were adapted and integrated into the ad-hoc system called 
"Conecto" (in Spanish and English) for the UV master's degrees, 
into the open-source Moodle platform (in Spanish) for the URJC 
postgraduate courses, and into the edX platform for the UPV 
MOOCs. The great diversity of the population evaluated a priori, 
either by the content of the studies (biomedical postgraduate 
courses and different disciplines of the UPV MOOCs - See UPV 
News-), the type of platforms (Moodle, ad-hoc LMS and edX) and 
the different type of universities that deliver the courses it 
guarantees a greater heterogeneity of responses received. 
 
In publication 3 we investigate with data from a preliminary 
population of a smaller size, only taking students from the 
biomedical postgraduate programmes of the UV and the URJC. 
For this, we tested the application of machine learning tools for 
sentiment analysis to compare the results and their performance 
according to models, tools and language analysed (English and 
Spanish).  
 
In this stage, we analysed the sentiment of free text comments 
from 133 users of postgraduate courses and MOOCs (37 in 
English and 96 in Spanish) in order to obtain their polarity 
(positive -P-, negative -N- or neutral -NEU-). We created a corpus 
by manually labelling user opinions with their sentiment polarity 
(positive, negative or neutral), for the two languages (English and 
Spanish), and for the three different semantic levels of 
decreasing complexity: observation, sentence and meaningful 
unit. 
 
We used Convolutional Neural Networks (CNN) models trained 
with a corpus of different domain (Twitter posts for each 
language) and MeaningCloud models. These models were 
widely used and recognised by the scientific community, either 
because they were proposed in national and international NLP 
competitions such as CNN (Rosenthal, 2017; Martínez-Cámara 
2017), or because they originated from R&D in data mining such 
as MeaningCloud (https://www.meaningcloud.com). 
 
The results were very promising as the performance accuracy of 
the sentiment polarity analysis models for both models were 
optimal and well above the expected value by chance. The CNN 
and MeaningCloud models offered an accuracy above 50% 
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compared to an accuracy of 45% for CNN previously 
demonstrated by other authors (Ouyang, 2015). The cross-
domain models showed better results for this sample of users, 
and specifically for English-language opinions. Therefore, they 
would initially be the most recommended for this use. 
 
The CNN models showed in this first stage a better behaviour in 
English than the MeaningCloud models. But this result could be 
due to the fact that there were many more training samples for 
English than for Spanish, so the trained model was able to 
generalise better. For Spanish, on the other hand, the accuracy 
of the models was better with MeaningCloud. In this case, the 
CNN models had been trained with fewer samples in Spanish 
than in English and the generalisation was worse than 
MeaningCloud.    
    
These results opened the way for us to continue advancing in the 
application of sentiment analysis models for the UX evaluation of 
different university online courses and platforms by including 
more samples and more NLP models. 
 
In the quest for automatic evaluation of e-learning user 
experience features our next challenge was to include a larger 
number of sentiment analysis techniques and a more robust 
corpus. This is detailed in publication four. In that next study we 
evaluated the opinions of 583 users (107 English speakers and 
476 Spanish speakers) and their positive, neutral or negative 
polarity by applying six different models (3 deep neural network 
models and 3 sentiment analysis commercial tools). The results 
improved their performance. All models had an accuracy around 
or above 70%, reaching up to 80% for Spanish opinions in some 
models. However, while still optimal, the models performed less 
well in detecting the sentiment polarity of English comments 
(<57%).  
 
However, these accuracies correspond to those expected from 
existing state-of-the-art sentiment analysis models trained with 
Twitter for binary positive/negative combinations (Wang, 2012). 
Thus, the evaluation metrics of these models were very similar to 
when we applied them with our UX dataset, which also features 
three classes of sentiment polarity (positive, negative and 
neutral). 
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With these results and this sample, we were able to move 
forward with the objective of analysing the feeling of 
characteristic aspects in e-learning in university environments 
using artificial intelligence techniques.  
 
Therefore, the last milestone of the research, which is described 
in publication five, consisted of defining e-learning aspects 
related to user experience dimensions for evaluating university 
students' perceptions using sentiment analysis techniques. 
 
Therefore, it is presented the basis for a method to automatically 
evaluate the UX of university online learning platforms by 
analysing students' feelings, focusing on specific aspects of their 
e-learning experience. Key categories of digital learning (VLE, 
Teacher, Student, Sound, Image, Material, Exercise, Evaluation 
and Communication) are extracted from the corpus of student 
comments and these comments are grouped into three UX e-
learning or UXEL dimensions (VLE, Social Connections, and 
Learning Resources and Tools). From 2,035 online university 
students surveyed, the opinions of 476 users in Spanish were 
collected. These comments were processed with the commercial 
natural language processing tool MeaningCloud to analyse the 
sentiment (positive, negative or neutral) about aspects of their 
online experience. 
 
The results present a procedure that, on the one hand, 
ontologically classifies categories and aspects of online 
education with sentiment analysis techniques, and, on the other 
hand, the model groups these categories according to UX 
criteria. This procedure represents a scientific breakthrough by 
presenting a proprietary classification to facilitate the evaluation 
of online learning experiences in an accurate and automatic way 
and adjusted to specific characteristics of university students. 
 
The results presented in this thesis offer an original evaluation 
model that will provide the keys for the design of attractive, 
quality, inclusive and user-centred e-learning university 
platforms, mainly for the Spanish-speaking community. 
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4.1. General conclusions  
 

In this chapter we recapitulate the main conclusions reached 
with this doctoral thesis. 

 
1) There are specific characteristics in user experience on 

university e-learning environments, which are expressed by 
free text and obtained without a closed  questionnaire, that 
allow it to be automatically analyzed to find out the polarity of 
a student sentiment (positive, negative and neutral). 

 

2) There is an ontology detailing the concrete characteristics by 
which it is possible to classify and measure the polarity of 
students' opinions (positive, neutral, negative) through 
artificial intelligence methods. These features are key 
categories of university on-line learning: Virtual Learning 
Environment or VLE, Teacher, Student, Sound, Image, 
Material, Exercise, Assessment and Communication). 

 

3) Based on these user experience characteristics, students’ 
opinions can be measured with sentiment analysis 
techniques in three UX e-learning or UXEL dimensions: VLE, 
Social Connections, and Learning Resources and Tools. 

 
4) There are artificial intelligence machine learning tools and 

models that allow to analyze with an accuracy between 57% 
and 80% the polarity of the sentiment of the users of 
university e-learning environments. This polarity is assessed 
on the basis of the opinions expressed by the students 
through free text, in both English and Spanish. These models 
and tools are: MeaningCloud, Google Cloud, Microsoft Text 
Analytics, Convolutional Neural Networks, Transformer 
Encoders and Attentional BLSTM. 
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5) The application of sentiment analysis tools focused on 

aspects of online student opinions from the UX perspective 
provides accurate and automatic information to focus on the 
needs of human-computer interaction to design university e-
learning experiences that meet ISO quality standards and 
that guarantee UNESCO SDG 4 with an inclusive, equitable 
and quality education for all. 

 

4.2. Achievement of Goals 
 
The main objective of this doctoral thesis has been to identify and 
lay the foundations of the most relevant specific characteristics 
in the user experience of university e-learning environments that 
allow the automatic analysis of student sentiment. 
 
This general objective has been carried out progressively 
throughout the five indexed publications presented in chapter 2: 
 
• Publication 1 (“IMPROVING THE VIRTUAL LEARNING 

EXPERIENCE: USER CENTERED DESIGN IN E-
LEARNING”) presents a series of methods and 
characteristics existing in the scientific literature to measure 
and design an interactive learning experience centered on 
the student that allows generating good, attractive, engaging, 
fun and emotional virtual teaching environments. 

 
• Publication 2 (“INTEGRACIÓN DEL “USER EXPERIENCE 

QUESTIONNAIRE SHORT” EN MOOCS UPV”) integrates 
one of the measurement methods detailed in publication 1 in 
its abbreviated version (UEQ-S) to apply it on students of 
UPV MOOCs courses. The questionnaire will collect user 
data that will provide information about the interactive online 
learning experience and its features. 

 
• In publications 3 and 4, (“APPLYING SENTIMENT 

ANALYSIS WITH CROSS-DOMAIN MODELS TO 
EVALUATE USER EXPERIENCE IN VIRTUAL LEARNING 
ENVIRONMENTS” and “CROSS-DOMAIN POLARITY 
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MODELS TO EVALUATE USER EXPERIENCE IN E-
LEARNING”) the UX evaluation is applied to different groups 
of students from several universities and e-learning 
platforms. Opinions from more than 500 users are analyzed 
with six natural language processing techniques for 
sentiment analysis. 

 
• And, finally, in publication 5 (“E-LEARNING UNIVERSITY 

EVALUATION THROUGH SENTIMENT ANALYSIS 
CENTERED ON USER EXPERIENCE DIMENSIONS”) the 
user data from publication 4 is taken to process them with 
more appropriate automatic sentiment analysis techniques. It 
also identifies certain aspects and categories of the e-
learning experience in university environments and 
measures the polarity of student opinion on these UX 
characteristics as positive, negative or neutral. 

 
On the other hand, the specific objectives have been reached as 
follows: 
 
• Objective 1.2.2.1. Select the characteristics to study in our 

university population related to user experience in e-learning 
environments. 
This objective has been achieved in publications 1, 2, 3, 4 
and 5. 

 
• Objective 1.2.2.2. Survey the university population that uses 

e-learning platforms in reference to the selected 
characteristics. 
This objective has been achieved in publications 2, 3 and 4. 

 
• Objective 1.2.2.3. Analyze the sentiment of the experience of 

university users with different machine learning models and 
tools in order to choose the most appropriate models and 
which better fit the reality that we want to investigate. 
This objective has been achieved in publications 3, 4 and 5. 

 
• Objective 1.2.2.4. Categorize the most relevant 

characteristics obtained with the most appropriate models of 
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automatic learning of natural language processing in 
reference to the user experience in university e-learning 
environments. 
This goal has been achieved in publication 5. 

 
 
4.3. Contributions made 
 
This work has generated four major contributions to the scientific 
community: 
 
 
1) An adaptation of the validated questionnaire UEQ-S 

integrated and adapted to three e-learning platforms for 
specific postgraduate courses at the Universitat de València 
and at the Universidad Rey Juan Carlos; and for MOOCs at 
the Universitat Politècnica de València. 

 
2) An innovative application of sentiment analysis for the 

evaluation of the user experience of university online 
students. Specifically, the novelty of the outcomes focuses 
on the use of deep neural network models (Convolutional 
Neural Networks, Transformer Encoder and Attentional 
Bidirectional Long Short Term Memory) and three 
commercial sentiment analysis systems (MeaningCloud, 
Google Cloud and Microsoft Text Analytics) to a new task: 
analyze the learners comments and classify them according 
to their polarity in positive, negative or neutral. 

 
3) A proprietary ontology of aspects for the virtual learning 

experience associated with UX dimensions. This ontology 
used with sentiment analysis tools, allows classifying the 
polarity of student opinions (positive, neutral, negative) by 
key categories of e-learning (VLE, Teacher, Student, Sound, 
Image, Material, Exercise, Evaluation and Communication) 
and group the comments in three dimensions UX e-learning 
or UXEL (VLE, Social Connections, and Learning Resources 
and Tools). 
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4)  Five indexed publications with scientific impact which are 
collected in this doctoral thesis. These publications have 
contributed in knowledge to the scientific community for the 
advancement of the user experience domain, virtual learning, 
and natural language processing with sentiment analysis 
techniques. Proof of this impact is the scientific work that cites 
us in about fourteen academic publications. However, the 
following nine publications citing our scientific 
contributions from 2019 to February of 2023 stand out for 
their scope and impact: 

 
 

 Multimodal Orthodontic Corpus Construction Based 
on Semantic Tag Classification Method.  
Springer 
August 2022. Neural Processing Letters 54(11) 
DOI: 10.1007/s11063-021-10558-y 

 
 
 Microblogging: an online resource to support 

education and training processes. 
July 2022. Campus Virtuales, 11(2) 
DOI: 10.54988/cv.2022.2.1013 

 
 
 Shared Dictionary Learning Via Coupled Adaptations 

for Cross-Domain Classification. 
Springer 
July 2022. Neural Processing Letters 
DOI: 10.1007/s11063-022-10967-7 

 
 
 English Education Tutoring Teaching System Based 

on MOOC. 
Hindawi 
May 2022. Computational Intelligence and 
Neuroscience 2022(9):1-8 
DOI: 10.1155/2022/1563352 
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 Towards Understanding of User Perceptions for 
Smart Border Control Technologies using a Fine-
Tuned Transformer Approach. 
March 2022. Proceedings of the Northern Lights Deep 
Learning Workshop 3 
DOI: 10.7557/18.6292 

 
 
 Estudio de la experiencia de usuario en los sistemas 

de gestión del aprendizaje. 
January 2022. IE Revista de Investigación Educativa 
de la REDIECH 12:e1358 
DOI: 10.33010/ie_rie_rediech.v12i0.1358 

 
 
 Systematic literature review of sentiment analysis in 

the Spanish language 
February 2021. Data Technologies and Applications 
ahead-of-print(ahead-of-print) 
DOI: 10.1108/DTA-09-2020-0200 

 
 Examining User Experience of eLearning Systems 

using EKhool Learners 
October 2020. Journal of Networking and 
Communication Systems 
DOI: 10.46253/jnacs.v3i4.a4 

 
 A deep-belief network approach for course 

scheduling.  
September 2020. Journal of Applied Research on 
Industrial Engineering, 7 
DOI:https://doi.org/10.22105/jarie.2020.243184.1185 
 

 
 Scientific production in the study of user experience 

in education: case Web of Science and Scopus 
December 2019 TransInformação 32 (Especial 
number) 
DOI: 10.1590/2318-0889202032e190003 

 
  



User eXperience evaluation on university virtual learning through sentiment analysis | R. Sanchis-Font   

119 
 

4.4. Further lines of research 
 
We will continue developing the automatic process of evaluation 
and analysis of the user experience in university e-learning 
environments. With this approach, our next goal is to obtain more 
precise information from students and to facilitate the design of 
inclusive and user-centered online learning environments. Thus, 
two future lines of research are derived from this thesis based 
on the following objectives: 
 
1) To enhance the sentiment analysis model with more 

aspects of the UX experience and associated UXEL 
dimensions. To include more samples (user opinions) that 
will allow the ontology to be extended with new aspects of UX 
e-learning.  

 
2) To determine the existence of sociodemographic, context 

and time variables that could affect the user experience on 
different virtual learning university environments 
(postgraduate studies and MOOCs). 
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4.5. Conclusiones en español 
 
a)  Conclusiones generales  
En este capítulo recapitulamos las principales conclusiones 
alcanzadas con la presente tesis doctoral. 

 

1) Existen características concretas en la experiencia de 
usuario de entornos e-learning universitarios que, 
expresadas mediante texto libre y sin hacer usuo de un 
cuestionario cerrado, permiten ser analizadas 
automáticamente para conocer la polaridad del sentimiento 
de los estudiantes (positivo, negativo y neutro). 

 

2)  Existe una ontología que detalla las características 
concretas con las que es posible clasificar y medir con 
métodos de inteligencia artificial la polaridad de las opiniones 
de los estudiantes (positiva, neutra, negativa). Estas 
características son categorías clave de la enseñanza 
universitaria online: Virtual Learning Environment o VLE, 
Profesor, Alumno, Sonido, Imagen, Material, Ejercicio, 
Evaluación y Comunicación.  

 
3) En base a estas características de la experiencia de usuario 

se puede medir la opinión de los estudiantes con técnicas de 
análisis de sentimiento en tres dimensiones UX e-learning o 
UXEL: VLE, Conexiones Sociales, y Recursos y 
Herramientas de Aprendizaje. 

 

4) Existen modelos y herramientas de aprendizaje automático 
de inteligencia artificial que permiten analizar con una 
precisión de entre 57% y 80% la polaridad del sentimiento de 
los usuarios de entornos e-learning universitarios. Esta 
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polaridad se evalua a partir de las opiniones realizadas por 
los estudiantes mediante texto libre, tanto en idiomas inglés 
como español. Estos modelos y herramientas son: 
MeaningCloud, Google Cloud, Microsoft Text Analytics, 
Convolutional Neural Networks, Transformer Encoders and 
Attentional BLSTM.   

 

5) La aplicación de herramientas de análisis de sentimiento 
centrada en aspectos de las opiniones de estudiantes en 
línea desde la perspectiva UX proporciona información 
precisa y automática permitiendo centrarse en las 
necesidades de la interacción persona-ordenador. Esta 
información permite diseñar experiencias e-learning 
universitarias que cumplan con los estándares de calidad 
ISO y que garanticen el ODS 4 de la UNESCO con una 
educación inclusiva, equitativa y de calidad para todos. 

 

b)  Cumplimiento de los objetivos  
El principal objetivo de esta tesis doctoral ha sido el de 
identificar y asentar las bases de las características más 
relevantes en la experiencia de usuario de entornos e-learning 
universitarios que permitan analizar automáticamente el 
sentimiento de los estudiantes.  
 
Este objetivo general se ha llevado a cabo de modo progresivo 
a lo largo de las cinco publicaciones indexadas presentadas en 
el capítulo 2:  
 
• La publicación 1 plantea una serie de métodos y 

características existentes en la literatura científica para la 
medir y diseñar una experiencia interactiva de aprendizaje 
centrada en el estudiante que permita generar entornos de 
enseñanza virtual buenos, atractivos, vinculantes, divertidos 
y emocionales.  
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• En la publicación 2 se integra uno de los métodos de 
medición detallados en la publicación 1 en su versión 
abreviada (UEQ-S) para aplicarlo en los estudiantes de los 
cursos MOOCs UPV. El cuestionario recogerá datos de los 
usuarios que facilitará información sobre la experiencia 
interactiva de aprendizaje online y sus características.  

 
• En las publicaciones 3 y 4 se aplica la evaluación UX a 

diferentes grupos de estudiantes de diferentes universidades 
y plataformas e-learning. Las opiniones de más de 500 
usuarios son analizadas con seis técnicas del procesamiento 
del lenguaje natural para el análisis del sentimiento. 

 
• Y, finalmente, en la publicación 5 se toman los datos de los 

usuarios de la publicación 4 para procesarlos con técnicas 
automáticas de análisis de sentimiento más adecuadas. Así 
mismo, se identifican determinados aspectos y categorías de 
la experiencia de aprendizaje e-learning en entornos 
universitarios y se mide la polaridad de la opinión de los 
estudiantes sobre estás características UX como positiva, 
negativa o neutra. 

 
Por otra parte, los objetivos específicos se han cumplido de la 
siguiente manera: 
 
• Objetivo 1.2.2.1. Seleccionar las características a estudiar en 

nuestra población universitaria relacionadas con la 
experiencia del usuario en entornos e-learning. 
Este objetivo se ha logrado en las publicaciones 1, 2, 3, 4 y 
5. 

 
• Objetivo 1.2.2.2. Encuestar a la población universitaria 

usuaria de las plataformas e-learning en referencia a las 
características seleccionadas. 
Este objetivo se ha logrado en las publicaciones 2, 3 y 4. 

 
 
• Objetivo 1.2.2.3. Analizar el sentimiento de la experiencia de 

los usuarios universitarios con diferentes modelos de 
aprendizaje automático para elegir los modelos más 
adecuados y que mejor se ajustan a la realidad que 
queremos investigar. 
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Este objetivo se ha alcanzado en las publicaciones 3, 4 y 5. 
 

• Objetivo 1.2.2.4. Categorizar las características más 
relevantes obtenidas con los modelos más adecuados de 
aprendizaje automático del procesamiento del lenguaje 
natural en referencia a la experiencia del usuario 
universitario en entornos e-learning. 
Este objetivo se ha conseguido en la publicación 5. 

 
 
c)  Aportaciones realizadas  
El presente trabajo ha generado a la comunidad científica cuatro 
grandes aportaciones: 
 
1) Una adaptación del cuestionario validado UEQ-S 

integrado y adaptado a tres plataformas e-learning para 
determinados cursos de posgrado de la Universitat de 
València y de la Universidad Rey Juan Carlos; y para los 
MOOCs de la Universitat Politècnica de València. 

 
2) Una innovadora aplicación de métodos de análisis de 

sentimiento para la evaluación de la experiencia de usuario 
de estudiantes on-line universitarios. En concreto, la 
novedad se centra en el uso de los modelos de redes 
neurales profundas (Convolutional Neural Networks, 
Transformer Encoder y Attentional Bidirectional Long Short 
Term Memory) y tres sistemas comerciales de análisis de 
sentimiento (MeaningCloud, Google Cloud y Microsoft Text 
Analytics) para una nueva tarea: analizar los comentarios de 
los estudiantes y clasificarlos según su polaridad en positivo, 
negativo o neutro. 

 
3) Una ontología propia de aspectos de la experiencia de 

aprendizaje virtual asociadas a dimensiones UX. Esta 
ontología utilizada con herramientas de análisis de 
sentimiento permite clasificar la polaridad de las opiniones 
de los estudiantes (positiva, neutra, negativa) por categorías 
claves de la enseñanza digital (VLE, Profesor, Alumno, 
Sonido, Imagen, Material, Ejercicio, Evaluación y 
Comunicación) y agrupar los comentarios en tres 
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dimensiones UX e-learning o UXEL (VLE, Conexiones 
Sociales, y Recursos y Herramientas de Aprendizaje). 

 
4) Cinco publicaciones indexadas y de impacto científico, 

que se recogen en esta tesis doctoral. Estas publicaciones 
han aportado conocimiento a la comunidad científica para el 
progreso del dominio de la experiencia usuario, del 
aprendizaje virtual y de procesamiento del lenguaje natural 
con técnicas de análisis del sentimiento. Muestra de este 
impacto son los trabajos científicos que nos citan en unas 
catorce publicaciones académicas. Pero destacamos por su 
alcance e impacto las siguientes nueve publicaciones que 
citan nuestras contribuciones científicas desde 2019 hasta 
febrero de 2023: 

 
 Multimodal Orthodontic Corpus Construction Based 

on Semantic Tag Classification Method.  
Springer 
August 2022. Neural Processing Letters 54(11) 
DOI: 10.1007/s11063-021-10558-y 

 
 
 Microblogging: an online resource to support 

education and training processes. 
July 2022. Campus Virtuales, 11(2) 
DOI: 10.54988/cv.2022.2.1013 

 
 
 Shared Dictionary Learning Via Coupled Adaptations 

for Cross-Domain Classification. 
Springer 
July 2022. Neural Processing Letters 
DOI: 10.1007/s11063-022-10967-7 

 
 
 English Education Tutoring Teaching System Based 

on MOOC. 
Hindawi 
May 2022. Computational Intelligence and 
Neuroscience 2022(9):1-8 
DOI: 10.1155/2022/1563352 
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 Towards Understanding of User Perceptions for 

Smart Border Control Technologies using a Fine-
Tuned Transformer Approach. 
March 2022. Proceedings of the Northern Lights Deep 
Learning Workshop 3 
DOI: 10.7557/18.6292 

 
 
 Estudio de la experiencia de usuario en los sistemas 

de gestión del aprendizaje. 
January 2022. IE Revista de Investigación Educativa 
de la REDIECH 12:e1358 
DOI: 10.33010/ie_rie_rediech.v12i0.1358 

 
 
 Systematic literature review of sentiment analysis in 

the Spanish language 
February 2021. Data Technologies and Applications 
ahead-of-print(ahead-of-print) 
DOI: 10.1108/DTA-09-2020-0200 

 
 Examining User Experience of eLearning Systems 

using EKhool Learners 
October 2020. Journal of Networking and 
Communication Systems 
DOI: 10.46253/jnacs.v3i4.a4 

 
 A deep-belief network approach for course 

scheduling.  
September 2020. Journal of Applied Research on 
Industrial Engineering, 7 
DOI:https://doi.org/10.22105/jarie.2020.243184.1185 
 

 
 Scientific production in the study of user experience 

in education: case Web of Science and Scopus 
December 2019 TransInformação 32 (Especial 
number) 
DOI: 10.1590/2318-0889202032e190003 
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d)  Líneas de investigación futuras 
Continuaremos desarrollando el proceso automático de 
evaluación y análisis de experiencia de usuario en entornos e-
learning universitarios. Con ello, nuestro siguiente reto es 
obtener información dde los estudiantes y facilitar el diseño de 
entornos virtuales de enseñanza en línea inclusivos y centrados 
en el usuario. Así, de esta tesis se derivan dos líneas de 
investigación futuras basándose en los siguientes objetivos: 
 
1) Mejorar el modelo de análisis de sentimiento con más 

aspectos de la experiencia UX y dimensiones UXEL 
asociadas. Incluir más muestras (opiniones de los usuarios) 
que permitirán ampliar la ontología con nuevos aspectos de 
la UX e-learning.  

 
2) Determinar la existencia de variables sociodemográficas, 

de contexto y tiempo que pudieran afectar a la experiencia 
de usuario en diversos entornos de universitarios de 
aprendizaje virtual (estudios de posgrado y MOOCs).  
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ABBREVIATIONS AND ACRONYMS 
 

API: Application Programming Interface.  

CNN: Convolutional Neural Networks 

COVID-19: Coronavirus disease 2019 caused by SARS-CoV-2 
virus. 

edX: American massive open online course (MOOC) provider 
created by Harvard and MIT. It hosts online university-level 
courses in a wide range of disciplines to a worldwide student 
body, including some courses at no charge.  

GUX: Global User eXperience 

HCI: Human-Computer Interaction 

ISO: International Organization for Standardization 

ITC: Information and Communication Technologies  

JCR: Journal Citations Report 

LMS: Learning Mangement System 

LNCS: Lecture Notes in Computer Science 

LSTM: Long Short Term Memories 

N: Negative polarity 

NEU: Neutral polarity 

NLP: Natural Language Processing 

MOOC: Massive Online Open Course 

ONU: Organización de las Naciones Unidas. (See UN). 

ODS: Objetivo de Desarrollo Sostenible (See SDG)  

P: Positive polartity 
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SemEval: International Workshop on Semantic Evaluation. 

SEPNL: Sociedad Española para el Procesamiento del 
Lenguaje Natural 

SDG: Sustainable Development Goals for 2030 by UN  

SJR: SCImago Journal Rank 

TASS: Taller de Análisis Semántico en la Sociedad Española 
para el Procesamiento del Lenguaje Natural (SEPLN) 

UCD: User-Centered Design 

UEQ: User Experience Questionnaire 

UEQ-S: User Experience Questionnaire Short 

UN: United Nations 

UNESCO: United Nations Educational, Scientific and Cultural 
Organization 

UOC: Universitat Oberta de Catalunya 

UPV: Universitat Politècnica de València 

URJC: Universidad Rey Juan Carlos 

UV: Universitat de València 

UX: User eXperience 

UXEL: User eXperience en E-Learning. 

VLE: Virtual Learning Environment.  
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