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Capitulo 1

Introduccion

1.1 Definicion

Gracias a la evolucién de la plataformas e-learning se han afianzado los titulos a dis-
tancia en ensenanzas universitarias [39] [15]. Inicialmente, dichas plataformas eran
desarrollos propietarios poco escalables, enfocados inicamente a actuar como gestores
de contenidos que carecian de estructura y no permirtian la comunicacion entre usua-
rios. Ante la necesidad de mejora y con el objetivo de conseguir interoperabilidad entre
las plataformas e-learning, nacieron los primeras organizaciones estableciendo un con-
junto de normas técnicas que permitian importar y reutilizar contenidos, ajustandose
a un estandar. Las organizaciones més relevantes fueron IMS Learning Design [30] y
Sharable Content Object Reference Model (SCORM) [9]. Un cambio significativo fue
su transformacién estructural hacia un diseno modular que permitia separar las herra-
mientas de los contenidos, mejorando su accesibilidad y adaptabilidad. Se integraron
nuevas herramientas que ayudaron a enriquecer la labor docente, permitiendo gestion
de contenidos y planificacion de tareas. A su vez, se desarrollaron otras con el objetivo
de facilitar la comunicacién entre usuarios de manera unificada desde un tinico entorno,
por ejemplo las herramientas foros, videoconferencias o chat, también conocidas como
herramientas colaborativas. Consecuencia del incremento de actividad e interacciéon en
el proceso de ensenanza-aprendizaje, se crearon los primeros moédulos que permitian
la monitorizacién de actividad de los usuarios [20] [25]. Actualmente, las plataformas
e-learning son conocidas como Entornos Virtuales de Aprendizaje (EVA) o en inglés
como Learning Management System (LMS), como seran tratadas en adelante en esta
tesis.

En la ultima decada se han consolidado nuevas modalidades sucesoras de la edu-
cacion a distancia, como es el caso de las modalidades 100 % on-line y semipresencial,
conocidas estas tltimas como blended. En todas ellas es necesario el uso de herra-
mientas de aprendizaje, cobrando asi un papel fundamental la necesidad de integrar
plataformas LMS en las universidades. Gracias a su uso, el estudiante puede trabajar
de modo auténomo, de esta manera se facilita la interacciéon con otros usuarios a través
de herramientas colaborativas, se proporcionan nuevos métodos para la gestion de re-
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Figura 1.1: Distribucion LMS 2016 en instituciones de eduacién superior.
[34]

cursos y sobre todo se afianzan nuevos modelos de ensenanza-aprendizaje [2] [5]. A su
vez, los LMS aumentan la participacién de los estudiantes matriculados en estas mo-
dalidades, motivados hacia un aprendizaje mas efectivo [6] [14]. La figura 1.1 muestra
una distribucion del los LMS maés usados en instituciones de educacién superior del ano
2016 en Europa, clasificados por pais. En Espana los dos més usados son Moodle [17]
y Sakai [23], siendo este ultimo el LMS empleado en la institucién objeto del estudio y
el seleccionado para los trabajos realizados en esta tesis.

La implantacién de LMS se ha extendido a un 99% en las universidades, siendo
utilizadas por un 85 % de usuarios, llegando incluso a un uso diario del 56 % [21] [38].
A pesar de estos indices de uso tan altos, la percepcién de los usuarios es la de no
aprovechar todas sus funcionalidades, relegando su uso a las herramientas mas bésicas
[40] [37]. Por tanto, serian necesarias directrices que permitan explotar al maximo
las capacidades que ofrecen estos entornos, con recomendaciones personalizadas a los
usuarios. Por ejemplo, si un alumno tiene que realizar una tarea, el LMS deberia
sugerirle acceder previamente a los recursos especificos asociados a dicha tarea y a
aquellos foros que traten temas o dudas relacionados directamente con la misma. Otra
posible recomendacién, en este caso para los docentes, consistiria en que al programar
examenes en el LMS la plataforma, a su vez, le sugiriera al profesor la planificacion de
una videoconferencia previa al examen para la resoluciéon de posibles dudas.

Tras un reconocimiento inicial entre las plataformas LMS mas integradas en las
universidades, se ha realizado una evaluacion de sus moédulos de monitorizacion de
usuarios. A pesar de que la informaciéon proporcionada en los informes generados
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permiten evaluar la actividad de los usuarios, estos presentan grandes deficiencias en
el modo de representar dicha informacién. La falta de organizacién y estructura de los
datos, dificulta el seguimiento de la actividad realizada por los usuarios e imposibilita
ofrecer informes de seguimiento, facilmente interpretables a tiempo real y con el nivel
de detalle necesario [36].

La ausencia de herramientas que interpreten automaticamente los datos generados a
través de los eventos de un LMS, como se indica por ejemplo en [27] [19], genera nuevas
necesidades, debido a la imposibilidad de encontrar facilmente correlaciones entre el
conocimiento adquirido sobre el uso de LMS y predicciones de comportamiento de los
usuarios. En este caso, se pone de manifiesto la necesidad de modelos capaces de ofrecer
recomendaciones de los contenidos y servicios que ayuden, tanto a los estudiantes en
su proceso de aprendizaje, como a los docentes en la seleccion de metodologias para
la gestion de sus asignaturas y de este modo, definir un comportamiento proactivo
en ambos casos. En la actualidad, esta carga de trabajo se desplaza a los profesores,
quienes deben buscar cualquier posible correlacion entre los indicadores de uso y los
resultados de los estudiantes de una manera manual y costosa [7] [43].

Siguiendo esta linea de trabajo, el andlisis de datos en el ambito educacional debe
centrarse en la busqueda de soluciones para la mejora del proceso de ensenanza-
aprendizaje, teniendo en cuenta todos los roles implicados. Se deberia englobar tanto
el comportamiento de estudiantes como del profesorado en los LMS. Actualmente,
este analisis unicamente se centra en la monitorizacion de las actividades en el LMS
realizadas por el perfil de usuario estudiante, con la finalidad de encontrar posibles
soluciones para la mejora de los resultados académicos [22], poniendo de manifiesto la
carencia de realizar un plan de actuacién paralelo para los docentes. La monitorizacion
conjunta de los eventos genereados por ambos perfiles posibilitaria crear estrategias
educativas que permitan personalizar la actividad formativa, mejorar los entornos
de ensenanza-aprendizaje acorde con las necesidades de los usuarios y crear nuevos
modelos educativos que mejoren la interaccion entre profesores y estudiantes.

Supone un desafio utilizar técnicas que modelen computacionalmente el conoci-
miento adquirido en las fases anteriores y creen informes personalizados que ofrezcan
servicios de recomendacion distinguiendo perfiles de usuario. Asimismo, se crean nue-
vas oportunidades basadas en el modelado de los datos a través de sistemas basados en
conocimiento siguiendo técnicas apropiadas para entornos colaborativos, que registran
un gran volumen de datos y eventos generados por los usuarios. Por tanto, la seméantica
de estos datos y eventos podria ser capturada y utilizada como entrada en un sistema
sensible al contexto integrado en cualquier LMS [33] [44] [46] [42] [13]. Estos modelos
se sirven de especificaciones sintacticas y semanticas formales que modelan el lenguaje,
utilizando reglas de inferencia para extraer conocimiento experto y poder obtener un
lenguaje formal que permita generar recomendaciones de forma automatica. Una de las
principales alternativas es poder ofrecer servicios de personalizacién y recomendacion
basados en el uso de ontologias [26], permitiendo la extraccién de conocimiento, que
podra ser procesado e intercambiado por aplicaciones software.

Uno de los propoésitos de esta tesis doctoral es el diseno de un modelo semantico para
Sakai que mejore las carencias dectectadas en el andlisis del LMS, donde los indicadores
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de seguimiento respecto al profesorado no estan desarrollados en las herramientas de
monitorizacion, siendo por tanto necesario crear nuevas herramientas y métodos que
ayuden a analizar el comportamiento del profesorado. Para la integracion de Sakai
con un modelo semantico, se propondra una ontologia llamada OntoSakai, capaz de
generar perfiles de los usuarios, destinados a personalizar el uso de herramientas de
LMS y recomendar recursos para alcanzar el beneficio 6ptimo, tanto para el ambito
docente, como para el proceso de aprendizaje dirigido a los estudiantes.

Con el fin de detectar las carencias en el comportamiento del profesorado, otro
de los propdsitos de esta tesis se centra en realizar un analisis del comportamiento
de los docentes en Sakai, estudiando sus eventos generados y el uso de las diferentes
herramientas en un intervalo de tiempo. Se han utilizado los informes generados a
partir de la herramienta Estadisticas integrada en Sakai aplicando E-learning analytics
(analitica del aprendizaje online) [41]. Se trata de un campo de estudio emergente
donde se sintetizan y estudian conexiones entre técnicas educacionales, conceptos de
ensenanza-aprendizaje y analisis de datos, teniendo en cuenta todos los roles implicados
en el proceso.

Consideramos para la analitica del aprendizaje el siguiente conjunto de términos
[47]:

e Analitica Académica (Academic Analytics) AA, campo de estudio donde
se analizan y procesan los datos recogidos de LMS para postular soluciones y
mejoras en proceso de aprendizaje, en el que unicamente se tiene en cuenta el
perfil del estudiante.

e Analitica del Aprendizaje (Learning Analytics) LA, tratamiento de los
datos para obtener informacion y descubrir conexiones sobre los estudiantes,
profesores y proceso de aprendizaje, con el fin de crear recomendaciones que
mejoren dicho proceso.

e Analitica Visual (Visual Analytics) VA, utiliza interfaces visuales que
muestran los resultados obtenidos en el razonamiento analitico. De este modo,
visualizando los datos es mas sencillo analizar los resultados, permitiendo a los
usuarios descubrir nuevas relaciones, posibles irregularidades, cambio de patrones,
etc.

En la aplicaciéon de E-learning analytics para la medicion de estilos de ensenanza,
las técnicas mas usadas son encuestas de satisfaccion a los estudiantes y el analisis
de los médulos estadisticos integrados en los LMS. Estos intrumentos por separado
no aportan una vision global y objetiva de la actividad de los usuarios en los LMS.
De hecho, como refleja [18], en la mayoria de los casos se utilizan cuestionarios o se
proponen modelos de herramientas que no llegan a ser desarrollados y siempre basados
en la recomendacién de nuevas estrategias en el uso de LMS para los estudiantes.
Por otro lado, la falta de herramientas de VA aplicadas a LA abre una brecha en
el analisis de LMS, dificultando la explotacion de los datos recogidos de sistemas
de gestion de ensenanza-aprendizaje. Hasta donde sabemos actualmente, no existen



Introduccién xx1

técnicas de VA aplicadas a ambitos educativos, mientras que si hemos encontrado
métodos y herramientas desarrollados para otras areas, tales como analisis de datos de
movimiento, geolocalizacién, o cartografia [8] [3].

Los resultados recogidos del anélisis de los informes generados por Sakai estan
enfocados a monitorizar la actividad generada por los estudiantes. Los resultados
obtenidos no proporcionan un nivel de informacién suficiente sobre las actividades
pendientes, ni seguimiento del profesor (ntmero de foros sin responder, tareas sin
corregir, etc.), ni tiempo de respuesta en las distintas actividades (tiempo medio que
tarda el profesor en responder un foro, tiempo medio que emplea en corregir una
tarea, etc.), entre otra informacién de interés. Otro de los problemas detectados es que
no permiten una supervision global del estado de una titulaciéon o curso que ayuden
al responsable a tener una vision general, lo que obliga a una revisién aislada por
asignatura, siendo este un proceso tedioso y repetitivo. En consecuencia, seria necesario
el desarrollo de herramientas que permitan generar informes con los que suplir las
carencias detectadas y monitorizar la actividad del profesorado.

En esta tesis doctoral se desarrolla una herramienta web denominada OnlineData,
integrada en nuestro LMS de estudio. Se trata de una herramienta software propia,
con una interfaz amigable para la monitorizacion del profesorado, adaptada a la
metodologia seguida y apoyada en técnicas de LA, VA y métricas e-learning [28]. Este
entorno es capaz de embeber los diferentes eventos generados por los docentes en Sakai
y reportar informes personalizados con el maximo nivel de detalle, donde se recogen
por ejemplo: tiempos de respuesta, frecuencia de uso de herramientas colaborativas,
nimero de conexiones, etc. OnlineData proporciona técnicas visuales que ayudan a la
monitorizaciéon del profesorado, identificando posibles incidencias en la utilizacion de
LMS, con la finalidad de poder realizar propuestas de mejora en el uso de herramientas
en entornos de ensenanza-aprendizaje.

Gracias al uso de OnlineData que permite tener una vision objetiva y detallada de la
actividad del profesorado en Sakai y junto con la realizacién de encuestas a los docentes
que proporcionan una visiéon subjetiva, es posible seguir avanzando en la investigacion
del comportamiento del profesorado en LMS. Contrastando ambas visiones, es posible
ofrecer recomendaciones para mejorar la metodologia aplicada y poder detectar posibles
carencias en el desempeno diario de los LMS. Esta tesis doctoral sugiere nuevos hébitos
para la utilizacion de Sakai y se proponen nuevas estrategias docentes que ayuden a
mejorar la experiencia de uso y los resultados académicos que en un futuro podran
completar nuestro modelo semantico OntoSakai.

Por lo tanto, esta tesis pone de manifiesto la necesidad de crear nuevos modelos
basados en conocimiento adaptados a LMS y el desarrollo de herramientas que ofrezcan
una vision global, con la finalidad de alcanzar metodologias 6ptimas en el proceso de
ensenanza-aprendizaje.



xxii Motivacién y Objetivos

1.2 Motivacion y Objetivos

Teniendo en cuenta lo anteriormente expuesto y la motivacién global de esta tesis
doctoral, se han definido tres objetivos a satisfacer, que sirvieron de guia para el
desarrollo de la tesis.

Objetivo 1:
Utilizar la Web Semantica en un LMS como modelo basado en conocimiento para la
recomendacion de buenas practicas docentes.

Objetivos Especificos: Para el proceso de desarrollo del modelo basado en
conocimiento debemos:

e Disenar una ontologia que permita capturar la seméntica de las herramientas
fundamentales en plataformas LMS.

e Desarrolar una ontologia que pueda capturar los perfiles de usarios, tanto de
profesores como de estudiantes.

e Definir reglas de conocimiento experto que permitan inferir de manera automati-
ca, recomendaciones y estrategias que ayuden a mejorar el proceso de ensenanza-
aprendizaje en plataformas LMS.

Objetivo 2:
Analizar modelos de comportamiento del profesorado en LMS.

Objetivos Especificos: Para estudiar comportamientos comunes e identificar
posibles patrones en el uso de LMS por parte del profesorado debemos:

e Analizar los datos de uso de las diferentes herramientas disponibles en Sakai,
identificando necesidades potenciales del profesorado.

e Categorizar los resultados del estudio diferenciando la modalidad de ensenanza
y area de conocimiento.

e Desarrollar una herramienta visual que genere informes facilmente interpretables
y personalizados para el seguimiento de actividad docente en LMS.

e A partir de las relaciones identificadas detectar incidencias metodoldgicas en el
proceso docente.

Objetivo 3:
Mejorar el proceso de interaccion y seguimiento de coordinacién docente en LMS.

Objetivos Especificos: Para el proceso de mejora de monitorizacién del coor-
dinador debemos:
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e Desarrollar una encuesta dirigida a los docentes, donde se evalie la percepcion
propia de uso en Sakai y de este modo poder realizar un andlisis subjetivo del
comporamiento en LMS.

e Con la ayuda de la herramienta software OnlineData, obtenida en el objetivo 2,
estudiar los resultados en el proceso de seguimiento de la actividad docente desde
una visiéon objetiva.

e Contrastar los resultados obtenidos en las evaluaciones objetivas y subjetivas para
poder identificar posibles incidencias en el uso de LMS por parte del profesorado.

e Realizar propuestas de mejora en el uso de herramientas LMS dirigidas al
profesorado, basadas en las deficiencias detectadas en los resultados obtenidos.
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1.3 Organizacion de la Tesis

Esta tesis esta presentada bajo el esquema de compendio por publicaciones, el cual
establece ciertos requerimientos en cuanto al contenido que este trabajo ha de recoger.
Segtn la normativa vigente es necesario una introduccién general y una fundamentacion
al compendio de publicaciones, en la cual se justifique la unidad temadtica de las mismas
que corresponden al capitulo 1.

A continuacion, el capitulo 2 recoge una copia completa de los tres articulos
publicados, ordenados cronoldgicamente, los cuales conforman el compendio de la
misma y describen gran parte del trabajo desarrollado en el marco de esta tesis.

El articulo presentado en la seccion 2.1 con titulo “OntoSakai: On the optimization
of a Learning Management System using semantics and user profiling” disena un modelo
semantico mediante una ontologia llamada OntoSakai, capaz de ofrecer servicios de
recomendacién personalizados para los distintos perfiles de usuario en LMS. Consta
de cuatro sub-ontologias que engloban las diferentes areas del proceso de ensenanza-
aprendizaje: competencias, perfiles de usuarios, contenidos y herramientas integradas
en Sakai, ofreciendo una clasificaciéon semantica de los elementos en un LMS. Este
modelo permite realizar procesos de inferencia sobre el comportamiento de los usuarios
para poder obtener nueva informacién y ofrecer recomendaciones.

El articulo presentado en la seccion 2.2 con titulo “Una herramienta para el
seguimiento del profesorado universitario en Entornos Virtuales de Aprendizaje - A tool
for monitoring lecturers’ interaction with Learning Management Systems”propone la
herramienta OnlineData para monitorizar la actividad del profesorado en LMS, siendo
capaz de presentar los datos obtenidos aplicando técnicas de E-learning analytics que
permiten conseguir una interfaz amigable y facilmente interpretable por los usuarios.
Gracias a la utilizacion de los datos generados por la interaccién de los usuarios en
la plataforma, se pueden descubrir puntos criticos durante el proceso de ensenanza-
aprendizaje y facilitar el seguimiento supervisado por los responsables de coordinar la
labor del profesorado.

El articulo presentado en la seccién 2.3 con titulo “Analysis and evaluation of lectu-
rers’ activity in Learning Management Systems: Subjective and objective perception”
compara los resultados del uso real de LMS y las interacciones con sus diferentes he-
rramientas integradas con la percepcion subjetiva de uso del profesorado, con el fin de
detectar posibles incidencias, comprobar las herramientas con mayor utilidad y evaluar
su grado de complejidad. Estos indicadores representan una valiosa informacion para
los responsables de coordinacién, ayudandoles a detectar y resolver las deficiencias en
las metodologias utilizadas. Los resultados de ambos métodos permiten comparar y
analizar las diferentes modalidades de aprendizaje. Gracias a los resultados obtenidos
en estos dos ultimos articulos, se definen factores de correcién en el uso de los LMS
para la mejora del proceso de ensenanza, que podran ser incluidos en nuestro modelo
semantico OntoSakai.

El capitulo 3 muestra los resultados obtenidos durante la elaboraciéon de esta tesis,
las conclusiones derivadas de los mismos y posibles vias futuras, incluyendo por ltimo
los datos relativos a la calidad de las publicaciones. Este capitulo esta subdividido en



Introduccién XXV

los siguientes apartados: la seccién 3.1 incluye un resumen global de los resultados
obtenidos, con una discusién de los mismos. En la secciéon 3.2 se incluyen futuras
lineas de investigacion en base a esta tesis doctoral. En la seccién 3.3 se muestran los
datos relativos al impacto de las revistas en los que los trabajos de esta tesis han sido
publicados, para dar indicios sobre la calidad y relevancia del presente trabajo.

Por ltimo, el capitulo 4 incluye la bibliografia de este documento. La seccién
4.1 enumera los trabajos referenciados en este manuscrito y la seccién 4.2 muestra la
lista completa de los trabajos realizados durante el periodo de esta tesis y que son el
resultado de la misma.
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This paper proposes recommendation services and user profiling features in Learning Management
Systems (LMS) by means of a semantic intelligent system combining context information and expert
knowledge. LMS users’ context is represented through an ontology model called OntoSakai. It consists
of four ontologies parceling different areas of the learning process: competences, users’ profiles, learning
tools and semantic classification of the elements in an LMS. Thus, we provide a standardized common
vocabulary about LMS elements and academic tasks developed within these platforms. This model also
enables inference processes about the behavior of LMS users. Indeed, our system incorporates an exten-
sible set of expert rules to offer recommendation and user profiling services. This combination of context
information and expert knowledge could be easily integrated with other systems in the academic world
in order to promote the interoperability between them. Specifically, in this paper we integrate our pro-
posal into Sakai, a well-known LMS for university-level. As a result of this integration, OntoSakai is able to
generate users’ profiles aimed at personalizing the use of LMS tools and to recommend resources to reach
the optimum benefit in both lecturing and learning. As a proof of concept, a real case often detected in on-
line students is shown as a running scenario where the services offered by OntoSakai could help them to
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improve their experiences and academic results.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Learning Management Systems (LMS) have consolidated them-
selves as a flexible and dynamic tool for university-level learning
worldwide in the last years. They are defined as a working environ-
ment for supporting content management and academic processes
to both on-site and online students and lecturers. The increasing
use of this kind of environment is allowing for a better academic
training as well as an improvement of learning quality and cost
(Kurt, 2011; Maldonado, Khan, Moon, & Rho, 2011). Despite all
these advantages, some studies show that there are still several
challenges to face before building complete and successful LMS
environments. These challenges emerge mainly due to lack of
knowledge about experiences and predilections of the myriad of
students and lecturers that use LMSs with different abilities, pref-
erences and working style (Bhuasiri, Xaymoungkhoun, Zo, Rho, &
Ciganek, 2012; Chen, 2009; Sun, Tsai, Finger, Chen, & Yeh, 2008).
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Although different types of use indicators are available in most
LMSs, the absence of tools to automatically interpret such informa-
tion shifts this burden of work to lecturers, who must search for
any possible correlation among use indicators and students’ results
in a tedious and handcrafted manner.

As a result of the aforementioned studies, two aspects are high-
lighted as the most immediate and affordable when improving an
LMS: personalization and recommendation. On the first hand, per-
sonalization in LMS is focused on the adaptation of learning
resources and services according to the students’ real needs
(Peter, Bacon, & Dastbaz, 2010). There are different (but non-exclu-
sive) alternatives to achieve this personalization (Nadolski et al.,
2009): content adaptation, browsing-centered, customized inter-
faces (especially for disabled people), and device-dependent inter-
faces. On the other hand, an LMS should also show a proactive
behavior, namely to be able to recommend contents and services
both to students - in their learning process - and lecturers - in
their decisions on the course management (Heinrich, Milne, &
Moore, 2009; Silva, Neto, Jinior, & Carvalho Muniz, 2012). As an
example, an LMS with personalization and recommendation
capabilities could be very useful when a student receives poor
grades in a subject. In that case, the LMS could offer personalized
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assignments to help her identify her mistakes and recommend new
contents to reinforce her knowledge.

One of the main alternatives to cope with the enhancement of
LMS through personalization and recommendation services is
based on context modeling by means of ontologies (Nganji,
Brayshaw, & Tompsett, 2011; Srimathi, 2010; Teo & Gay, 2006;
Yu, Nakamura, Jang, Kajita, & Mase, 2007). They enable formal
and shared descriptions of terms related to LMS, which can there-
fore be processed and exchanged by software applications.
Moreover, they allow the extraction of implicit knowledge derived
from the classification and restrictions modeled in the ontology. All
in all, ontologies are essential in a scenario where the semantic
information should be taken into account. As the LMS records a
large volume of data and events generated by the users, the seman-
tics of such data and events could be captured and used as input in
a context-aware system integrated into any LMS.

In this paper we follow the research line based on context mod-
eling through ontologies as a solution to offer personalization and
recommendation in LMS. In particular, we first study what tools
are the most frequently used in these environments and what
events are usually generated by these tools. Then we define an
LMS ontology based on these indicators and combine it with a
profile ontology and a competence evaluation ontology from our
previous work (Cantabella, Mufioz, & Caballero, 2013). As a result,
we obtain a knowledge model named OntoSakai able to represent
semantic information about LMS components, students’ and
lecturers’ profiles and academic results. Based on such a model,
we define several expert rules aimed to build personalization and
recommendation services. As a proof of concept, we integrate our
context-aware system into Sakai,' a well-known LMS which is cur-
rently being used in our University.

The main contributions of this paper are threefold: (i) a study
about the available LMS tools and events and how they relate most
frequently to each other; (ii) an ontology to represent the main
LMS concepts such as resources, assignments, announcements,
discussion forums, etc. and their relationships; and (iii) a con-
text-aware system composed of a knowledge model resulting of
combining the aforementioned LMS ontology with profile and
competence evaluation ontologies and expert rules aimed to offer
personalization and recommendation services to LMS users. In this
manner, it is possible to build an expert system by combining con-
text information and expert rules since the semantic knowledge
representation and the rule-based inference process associated to
it enable simulating lecturer/student decision-making. For exam-
ple, classification of students as participative/inactive or to recom-
mend a student to read a related document when doing a home
assignment could be automatically performed by our system as a
lecturer would do during the course. Moreover, these decisions
can be justified (i.e., it is possible to obtain arguments supporting
a decision) by introspecting the rule chaining process (Mufioz &
Botia, 2008). These justifications could be translated into a suitable
language in order to explain lecturers/students their assigned
profiles or recommendations.

One of the advantages of our proposal resides in the standard-
ization of a knowledge model to represent the available informa-
tion in an LMS. Thus, this model could be reused and extended
for other LMS platforms different from Sakai with little effort
(Simperl, 2009). Furthermore, thanks to the ontology alignment
process (Ehrig, 2006) it is possible to integrate our ontology with
other ontologies employed in the educational area (e.g., as it has
been already done in this paper with an ontology about education
competencies) or even with ontologies in the pervasive computing
or smart environments areas (e.g., to integrate the user’s current

! http://www.sakaiproject.org/

location, available devices, etc.) in order to further improve
recommendation services. Finally, ontologies allow for other types
of reasoning apart from the one based on expert rules used in this
paper. As a matter of fact, a useful type of reasoning is ontology
validation, which enables detecting contradictions and unsatisfi-
able concepts, among others.

The rest of the paper is structured as follows: Section 2 takes
Sakai as reference to study the most relevant tools and events in
LMSs. Section 3 describes in detail the OntoSakai project and the
ontologies involved in it. Next, Section 4 explores the use of expert
rules defined on OntoSakai to enable recommendation and person-
alization services. An illustrative running scenario showing
OntoSakai in action is shown in Section 5. Section 6 talks about
the most relevant proposals related with our work. Finally,
Section 7 outlines the conclusions of the paper and some ideas
for future work.

2. Sakai: an example of LMS

Sakai Collaboration and Learning Environment (Sakai CLE),
hereafter Sakai, is one of the most extended LMS used to support
teaching and learning activities (Dagger, O’Connor, Lawless,
Walsh, & Wade, 2007). It was delivered as an open source platform
in the late 2003 by a consortium consisting of the Universities of
Michigan, Indiana and Stanford and the Massachusetts Institute
of Technology (MIT). Sakai is a free educational software platform
distributed under the Educational Community License. Nowadays,
it is competing with other similar platforms business, such as
Blackboard, WebCT and Moodle. This section explores the most
relevant tools (see Section 2.1) and events (see Section 2.2) in
Sakai related to our aim of personalization and recommendation.

2.1. Sakai tools

In order to guarantee the most frequently functions required by
students and lecturers, Sakai provides a set of core tools that are
adopted by virtually all institutions using Sakai. Sakai core tools
can be grouped as follows:

e Communicative tools: Announcements, Messages, Schedule,
News, etc.

e Collaborative tools: Discussion Forum, Wiki, Chat, etc.

o Content tools: Resources, Podcast etc.

o Evaluative tools: Assignments, Tests, etc.

e Monitoring tools: Site Stats, My Workspace, etc.

There are also several additional tools, called contrib tools,
developed by the community and currently in use by many institu-
tions. For example, Big Blue Button’ is a contrib tool that enables
universities and colleges to deliver a high-quality learning experi-
ence to remote students. In this sense, the proposal presented in this
paper may be delivered as a new add-on tool for providing a high-
level personalization and recommendation features.

All the available tools are not included in the course sites by
default. A specific subset of both types of tools (core and contrib)
can be used by lecturers in order to organize, monitor and control
the courses in Sakai. Lecturers must orchestrate their courses
deciding which, how and when the LMS tools should be used.
These tools indicate to the students what type of content is avail-
able for each subject, how the individual tasks should be carried
out, or the proximity of deadlines for assignments and tests, among
others.

2 http://bigbluebutton.org/
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Fig. 1 shows the most frequently used tools at the Virtual
Campus of the Universidad Catélica San Antonio (UCAM) during
the last seven semesters (from 18/12/2010 to 19/06/2014). The
LMS activity is estimated considering the numbers of New/Create
and Read events gathered from each tool at the entire Virtual
Campus (the most relevant events in Sakai are presented in
Section 2.2).

According to Fig. 1, content, collaborative and evaluative tools
record the highest activity levels in our Virtual Campus. In this
sense, our proposal is centered on the deployment of a new add-
on tool to add personalization and recommendation features to
the most used LMS core tools. To achieve this we need to obtain
the students’ and lecturers’ context while using the Virtual
Campus. In particular, and following the previous indicators of tool
usage, this context is acquired from the data and events managed
by the most used tools in our Virtual Campus: Resources and
Announcements as content tools, Discussion Forum and Chat
as collaborative tools, and Assignments and Tests as evaluative
tools. The new add-on tool could enhance the experience with
LMSs because (1) it makes recommendations based on the previ-
ously resources’ classification (content tools) and students qualifi-
cation (evaluative tools) and (2) it offers personalized services
through user profiling based on the activity recorded in content
and collaborative tools.

Note that because of the low activity in Wiki and Schedule,
these tools are not considered in our proposal. Messages is neither
included because it manages private information. In future ver-
sions, the model could be extended for other tools such as
Blogs, News, Podcast, etc.

Next section explains the most frequent events generated by
the users while working with Sakai and their importance for profil-
ing information.

2.2. Sakai events

Apart from the context information gathered from Sakai tools,
student and lecturer profiling is also an important piece of knowl-
edge to achieve our goal of offering personalization and recom-
mendation services in LMSs. This profiling can be obtained
through the events generated by each LMS user (or by the absence
of such events). For instance, a student who generates a high num-
ber of events in the Discussion Forum tool could be assigned a
“Forum_Active” profile. Contrarily, a student who does not submit
any task after one month could be assigned a “Task_Inactive”
profile.

All relevant data about user activity within Sakai is gathered in
the Sakai Event table. Both core and contrib tools write log events

(a) (b)
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in this table. Note that it is possible to perform different activities
with the same tool, and therefore several types of events are
included in the Sakai Event table for the same tool. The main types
of events considered by Sakai are the following:

e Create/New: it is generated when a new element is created
within a given tool (e.g., creation of new assignments).

e Delete: it is generated when an element is removed (e.g., dele-
tion of announcements).

e Revise: it is generated when a given element is revised (e.g.,
revision of assignments).

e Read: it is generated when participants read a given element
(e.g., reading a resource or reading a message in the discussion
forum).

e Response: it is generated when participants contribute in col-
laborative tools (e.g., creation of forum thread responses).

e Submit: it is generated when students submit their solutions
(e.g., submission of tests or assignments).

Table 1 relates the most relevant types of events generated by
the most frequently used tools in our Virtual Campus.

The activity Sakai users could be analyzed by means of each
type of event generated by them. The Site Stats tool offers two
types of reports about the users’ activity based on the collected
events: (1) predefined reports on different tools or resources, and
(2) a customized report based on the combination of the previous
ones using a set of predefined interfaces. In this manner, lecturers
could analyze relevant information about the behavior of their
students in order to improve learning strategies. However, this
information is not enough to support the lecturers’ decision-
making and the personalization of the LMS (Peter et al., 2010).

In some cases, correlations between several metrics about the
students’ behavior could be considered by lecturers in order to
evaluate the effectiveness of a given learning strategy.
Unfortunately, although Site Stats offers reports about number of
accesses, time of last access, number of downloads of a given

Table 1
Most relevant types of events generated by several Sakai tools.
Tools Create/ Delete Revise Read Response Submit
New
Resources X X X X
Discussion forum X X X X X
Assignments X X X X X
Chat X X
Announcements X X X
Tests X X X X
296_0% 0%
%
m Resources
B Discussion Forum|
¥ Assignments
= Chat
= Announcement
m Tests
Messages
= Wiki
Schedule
u Others

Fig. 1. Sakai tools usage at UCAM during the last seven semesters (from 18/12/2010 to 19/06/2014). The activity is estimated by means of the numbers of (a) Create/New and

(b) Read events gathered from each tool.
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resource, among others, no information is available about the fre-
quency of access in a specific lapse of time of a given student nor
the relationship between the number of accesses and the submis-
sion of assignments. Although lecturers can customize the reports
obtained from Site Stats, the information in them is statical and not
processable by other software applications. Thus, these reports
cannot be used to provide personalization and recommendation
capabilities to LMS environments in an automatic manner as
desired in our approach.

In conclusion, Site Stats is only useful when (1) metrics and
reports are clearly defined by lecturers or (2) the relationships
between several metrics and reports are already foreseen by lec-
turers. However, valuable knowledge on the users’ behavior could
be still obtained by directly introspecting the Sakai Event table
instead of using Site Stats. Appropriate queries can be sent to the
Sakai database management system to get the specific events
generated by a particular user in a certain tool. Hence, we can
manipulate these raw data with statistical software to measure
the level of use of a tool, who has utilized it, correlations among
the use of tools, etc. What is more, we can conduct studies on
the use and effectiveness of a given tool depending on the course
type or the lecturers’/students’ capabilities. For instance, the mean
submission time in Assignments is reduced when Social Sciences
students use the Chat tool for solving doubts instead of Discussion
Forums, but this assertion does not apply for Engineering students.
In future works we expect to discover interesting users’ behaviors
by applying some data mining techniques over the events gener-
ated by LMS users.

3. OntoSakai

In order to achieve personalization and recommendation fea-
tures based on context information within Sakai (or any other
LMS), we consider an ontological model called OntoSakai. This
ontology is used for representing and reasoning about the learning
process based on (1) the classification of all educational material

Course / Subject

Lecture

Student
e Tool

Qualification

OntoCompetence

¢ Tool Element

Assignments
Chat
Discussion Forum

SakaiCoreOnt

available at Virtual Campus (e.g., resources, assignments, tests,
discussion forums, chats, etc.) taking into account their content,
suitability and usage, among others, and (2) the user profiling
(for both students and lecturers) taking into account the events
gathered in the Sakai Event table. In the first place, classification
of the material will help students to find required resources more
efficiently. It is the baseline to achieve automatic LMS recommen-
dations to students and lecturers. In second place, user profiling
also enables recommendations with respect to the type of activity
that users perform within the LMS.

OntoSakai encompasses several areas of the learning process
that are supported by an LMS. Fig. 2 shows a schematic represen-
tation of the fundamental parts of OntoSakai, highlighting the
most relevant concepts in each area. As illustrated in Fig. 2, the
model can be divided into several sub-ontologies:

1. SakaiCoreOnt, representing the core LMS tools and the ele-
ments offered by them, i.e., text resources of a specific course,
forum threads, chat messages, etc.

2. SakaiClassificationOnt, which is mainly concerned with
the semantic classification of all elements in Sakai, namely all
the available material of each tool in each course.

3. OntoCompetence, which is concerned with the evaluation of
students taking into account their learning-results, qualifica-
tions on the competences they are expected to acquire in each
course, etc. This ontology also defines several concepts required
for representing the learning process, such as participants (stu-
dents or lecturers) and subjects (courses).

4. SakaiProfileOnt, which is concerned with the representa-
tion of the user profiling information based on the events they
produce within Sakai.

When designing an ontology, it is recommendable to follow a
methodology that defines the precise steps in the representation
of the information. In our work we have selected Methontology
(Corcho, Fernandez-Lépez, Gomez-Pérez, & Lopez-Cima, 2005), a

* Topic
* Topic Item

SakaiClassificationOnt

e Event

e Profile

- Student Profile
- Lecturer Profile

SakaiProfileOnt

Fig. 2. Illustrative overview of OntoSakai.
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methodology proposed for the Foundation of Physical Intelligent
Agents (FIPA) (FIPA, 2012). Methontology promotes a life cycle
based on evolutionary prototypes that allow adding, changing
and eliminating terms in every new version of the ontology. One
of its principal features resides in the creation of different levels
of ontologies, possibly reusing existing ones. Following this fea-
ture, the current version of OntoSakai (composed of the four
ontologies shown in Fig. 2) could be extended to include semantic
annotations of multimedia resources or tutoring, among others. All
ontologies have been developed in OWL (Web Ontology Language)
(Dean & Schreiber, 2004), in particular using the OWL-DL
(Description Logic) version.

Next subsections focus on the analysis and design of the ontolo-
gies that form part of OntoSakai, except for OntoCompetence.
This ontology has been already published in our previous work
as a general and extensible ontology for conducting competence
based evaluation (see details in Cantabella et al. (2013)). As com-
mented before, OntoCompetence represents a common frame-
work for the definition of vocabulary and criteria employed in
the evaluation of competences. Additionally, it supports a learning
evaluation model following the traditional content-based schema.
OntoCompetence is incorporated into OntoSakai in order to
provide representation and reasoning capabilities about the
relationship between the students’ evaluation and the activity they
perform within the LMS. Several basic concepts required by
OntoSakai (e.g., student, lecturer, subject, qualification, etc.) are
defined in OntoCompetence.

3.1. SakaiCoreOnt: representing Sakai’s core elements

This section explains the components of our model responsible
for representing the basic LMS concepts. We define an ontology

<loc:isEnrolled/Lectures
N
oc:Participant | oc:Qualification [

3 5 ———

«loc: 1s0btainedsy sco:is0btainedIn

5999

named SakaiCoreOnt to represent semantically structured
knowledge about the core elements considered in our proposal
(see Section 2). In particular, it contains a hierarchical classification
of Sakai tools and extends OntoCompetence by reusing knowledge
about courses, lecturers and students enrolled in these courses.

The main goal of this ontology is to classify all material available
at Virtual Campus. Each element in this ontology could be associ-
ated with semantic labels enabling searching and recommendation
processes. The semantic labels (so-called topic items in this paper)
are defined as vocabulary of a domain-dependent topic, which in
turn is defined in the SakaiClassificationOnt (it will be
detailed in Section 3.2). Therefore, the same material could have
different semantic annotations depending on the course it has been
published (e.g., a text document explaining the backtracking algo-
rithm could have the semantic labels “Search Algorithm”, “Brute-
Force Technique” and “Recursive Programming”).

SakaiCoreOnt could be also extended in order to offer personal-
ization capabilities based on user profiling. Thus, SakaiProfileOnt
extends SakaiCoreOnt capturing the activity of the users within
Sakai (this extension will be explained in Section 3.3).

Fig. 3 offers a partial representation of SakaiCoreOnt inte-
grated into the whole OntoSakai model. The most relevant con-
cepts of SakaiCoreOnt are labeled in the figure with the
namespace sco.

Note that SakaiCoreOnt extends OntoCompetence — whose
namespace is oc - since several concepts such as
oc:Participant, oc:Student, oc:Lecturer, oc:Subject and
oc:Qualification and the relationships among them are already
defined in OntoCompetence. As these concepts are necessary when
defining the personalization and recommendation services in the
LMS, we have reused them from our previous work instead of mak-
ing a duplication in SakaiCoreOnt.

sco:isRelatedTch
sco:studentRequires

[spo: isProducedom

lespo:isproducedsy

N[N sco:belongsTo

sco:EvaluativeToolElement|

sco:incorporated

N
sco:Tool

spo:Event

spo:hasProfiles

s1o:refersTo

spo:StudentProfile
spo:LecturerProfile

s10:consistson

|slo:Toplc|

N
. slo:Topicltem

sco:EvaluativeTool

sco:Discussion Forum

sco:Resources

Fig. 3. Partial representations of the ontologies that compose OntoSakai: SakaiCoreOnt (sco), SakaiClassificationOnt (slo), SakaiProfileOnt (spo) and OntoCompetence (oc).
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One of the main concepts in SakaiCoreOnt is an abstract con-
cept called sco:Too1, which contains the common characteristics
of all Sakai tools. Two specific groups of tools are considered:
sco:EvaluativeTool and sco:CollaborativeTool. Tests
and Assignments tools belong to the first one, whereas Chat
and Discussion Forum tools are included in the second one.
The rest of tools (e.g., Resources, Announcements, Calendar,
etc.) are directly defined as subclasses of sco:Tool.

Apart from tools, we need to represent every specific element
published in them. For example, text documents or links to Web
pages related to a certain course will be included in the
sco:Resource tool, chat sessions will be contained in
the sco:Chat tool, forum threads will be associated to the
sco:Discussion Forum tool, etc. To this end, all these specific
elements are represented by the concept sco:ToolElement.
Observe that any instance of sco:ToolElement is related to its
corresponding tool through the sco:belongsTo relationship. On
the other hand, each tool element could be associated to other tool
elements for recommending and/or personalizing purposes in two
manners. Firstly, an ad hoc association could be directly stated
through the sco:isRelatedTo relationship. Thus, for example, a
thread in a discussion forum could be related to a text document
published as a resource. This indicates that such a thread has some
kind of relevance (e.g., it explains some concept or corrects some
mistakes) with respect to that document. This option is addressed
to lecturers and the LMS interface should include an option to
allow them to establish such a link between elements. Secondly,
association among elements could be automatically inferred by
our system thanks to the semantic labels attached to each tool
element by means of the slo:refersTo relationship. As a result,
elements referring to the same topic will be seen as related by
the recommendation service. Note that in this case the associations
are inferred from the topic that has been given to each tool ele-
ment, without an explicit statement from the lecturer as in the pre-
vious alternative. The definition of a topic and its relationship with
the sco:ToolElement concept will be explained in Section 3.2.

Itis worth mentioning that evaluative tools are related to students’
qualifications by means of the relation sco:hasQualificationand
a specific tool element belonging to any evaluative tool (i.e., a
particular test or assignment in a course, represented by means of
the concept sco:EvaluativeToolElement). Finally, the sco:
studentRequires relationship is defined to allow the representa-
tion of potential recommendations of tool elements for a student.

3.2. SakaiClassificationOnt: Sakai elements’ classification

In order to guarantee the classification of all material available
at Virtual Campus, SakaiCoreOnt is extended by a new ontology
called SakaiClassificationOnt (namespace slo). It contains
several terms and relationships such as slo:Topic, slo:
TopicItem, slo:consistsOfand slo:refersTo (see Fig. 3).

A topic amounts to an area of knowledge in any university
degree. It consists of a set of terms belonging to the specific domain
of a subject or course. It is represented in the ontology as a set of
semantic labels (slo:TopicItem) which are related to the same
domain. Once the semantic labels of a topic are defined, they can
be associated to any tool element in the Virtual Campus to allow
for a semantic search and/or matching of tool elements which take
place as a part of the personalization and recommendation ser-
vices. For example, suppose a text document called
“IntroductionDBA.pdf” which is represented in the ontology as a
tool element for the tool Resources in a DBA (DataBase
Administrator) course. In this document, the concept of logic
redundancy is explained and it is associated to the semantic label
“Logic Redundancy” which in turn belongs to the topic “DataBases”
(see left part of Fig. 4). On the other hand, the lecturer has

organized a chat session where she explains the concept of logic
redundancy to some students who asked for a tutorial session.
This chat session is represented as a tool element associated to
the same “Logic Redundancy” semantic label (see right part of
Fig. 4). Now, when a new student downloads the PDF document,
the system could be able to recommend the chat session to this
student in order to get further explanations about the concept of
logic redundancy contained in such a document. Observe that the
relationships in red in Fig. 4 make possible the semantic annota-
tions of different tool elements with related content. These annota-
tions will be used later in the recommendation process when
downloading the PDF document.

In the first version of our proposal, the attachments of a topic
item to a tool element are asserted by lecturers through the LMS
interface. In future versions we plan to automatically discover
these semantic relationships by analyzing the content (i.e., text,
audio, video, etc.) of each tool item. Finally, note that each tool ele-
ment can be associated to one or more topic items by means of the
relationship slo:refersTo. Several topics could be defined in the
same ontology to form a semantic catalog of tool elements.

3.3. SakaiProfileOnt: representing user profiling

The main objective of SakaiProfileOnt is to support the per-
sonalization of the LMS by means of wuser profiling.
SakaiProfileOnt is proposed as an integration of several ele-
ments of OntoCompetence and SakaiCoreOnt and a set of new
elements representing user profiling based on log events. Fig. 3
shows the main concepts and relationships of SakaiProfileOnt
labeled with the prefix spo.

Events in SakaiProfileOnt are represented by the concept
spo:Event. The different types of events deemed as relevant in
Section 2.2 —create/new, read, submit, etc. — are modeled as sub-
classes of this concept (note that they are not included in Fig. 3
for the sake of simplicity). The ontology captures all events

DBA Course
(oc:Subject)

scoiincorporates, scoincorporates

ResourceDBA
(sco:Resources)

sco:contains
{inverse of
scoibelongsTo)

IntroductionDBA.pdf
(sco:ToolElement)

slorefersTa

ChatDBA
(sco:Chat)

scocontains
(inverse of
sco:belongsTo)

ChatSessionl
(sco:ToolElement)

slorefersTo

slo:consistsOf LogicRedundancy

(slo:Topicitem)

sloiconsistsof

PhysicRedundancy
(slo:Topicltem)

DataBase
(slo:Topic)

slo:consistsOf

L v

Fig. 4. Instantiation example of SakaiClassificationOnt with the topic “DataBase”
and semantic annotations for two tool elements with related content. Each ellipse
represents an instance of a concept, whose name is given in brackets.
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produced by each participant by means of spo:isProducedBy.
Similarly, the tool element affected by this event is also repre-
sented by means of spo:isProducedOn.

An event has several attributes to be registered: its ID, times-
tamp and the number of occurrences it has been generated by
the same user on the same tool. Thus, when a type of event is gen-
erated by a concrete user in a specific tool for the first time, it is
added as an instance to the ontology along with its ID, the first date
it has been generated and the number of occurrences set to 1.
Subsequent occurrences of the same type of event generated by
the same user on the same tool do not add new event instances,
but its number of occurrences is increased and new timestamps
are added in order of appearance.

An abstract concept called spo:Profile is also offered in the
model to group the common description of the students and lec-
tures profiles represented by spo:StudentProfile and
spo:LecturerProfile, respectively. Specific profiles inferred
for each user are registered as instances of these two classes
(e.g., active/inactive students in different tools, good/poor qualifi-
cation student, etc.) In future versions new profiles to indicate dis-
abilities or special conditions of LMS users will be added to
complete the profile taxonomy. Observe that the relation
spo:profileRequires is defined to represent which tool ele-
ments are required by a given user profile. This relation could be
used to personalize the elements that users need according to their
profiles.

User profiles are built according to the users’ behavior in the
system. The behavior of each user is analyzed taking into account
several indicators such as the tools used in the LMS, the type of
the accessed resources, the number of accesses and downloads,
or contributions to collaborative tools, among others.
Correlations between these indicators must be also considered
(e.g., ratio between accesses and resource downloads). In this first
proposal, we have attempted to infer user profiles from these indi-
cators through expert rules based on the knowledge elicited from
the lecturers in our department (these type of rules will be
explained in Section 4.2). However, we have realized that this
inference process could be improved in future versions by applying
data mining and statistical techniques over the raw data contained
in the LMS events table. These techniques will be applied sepa-
rately from the ontology reasoning process, and the expected
results will be different behavior patterns (active/inactive students
with respect to different tools, type of actions performed by stu-
dents, most frequent related tools, etc) that will be then included
as instances of the corresponding spo:Profile type.

4. Rules in OntoSakai for recommendation and personalization

Once OntoSakai has been defined as explained in Section 3, we
can use it to infer recommendations and profiles for the LMS
users. To do this, we define a set of expert rules using
OntoSakai as vocabulary. These rules have been defined in con-
junction with different lectures and students enrolled in on-site
and online modalities who belong to the Computer Science
Department at UCAM. In particular, we have defined two groups
of expert rules according to the type of information inferred
about the users: (1) recommendations and (2) profile assignment.
Moreover, we have defined a third group of hybrid rules as a
result of mixing the two previous kinds of rules in order to pro-
vide the system with personalized recommendation based on
the user’s profile.

A practical implication of combining context information with
expert rules is that the system is able to justify the inferred deci-
sions by means of arguments. Justifications could be extracted
from the expert rule inference process and translated into natural
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language. This is useful for aiding lecturers in elaborating evalua-
tion reports, for example to justify a high mark on participation
because the system has classified the student as active in collabo-
rative tools since she has submitted a great number of posts.

Next subsections show the details and some examples of each
group of rules.

4.1. Recommendation rules

This type of rules is aimed at giving general recommendations
to lecturers/students according to different indicators
obtained from the Virtual Campus such as student’s qualifications,
tool elements with similar content or levels of tool usage.
Recommendations could range from visiting forums, chats, etc. to
downloading resources related to a failed exam or to a previously
downloaded resource. The following rules are shown as examples
of recommendation rules included in our system. For the sake of
readability, they are expressed in natural language and the first
one is expressed in the SWRL-like language (Semantic Web Rule
Language (Horrocks et al., 2004)) as used in our proposal (see R,
in Fig. 5).

R;: Resource recommendation for failed evaluations
If a student S fails an evaluative element E and E refers to the
same topic item as a resource element L, then recommend L
to S.

R,: Resource recommendation for similarity
If a student S requires a resource element L, and L; refers to
the same topic item as a resource element L,, then recom-
mend L, to S.

R3: Tool recommendation for level of usage
If a tool T has a high level of usage in a subject SB and a stu-
dent S is enrolled in SB, then recommend T to S.

Observe that rules R; and R, use the semantic annotations (i.e.,
topic labels) on the tool elements to recommend a related
resource. Note also that the SWRL version of R; in Fig. 5 uses a
built-in (function) to check if a qualification is less than 5, indicat-
ing that it is a failed evaluation.

4.2. Profile rules

This group of rules is aimed at assigning profiles to the LMS
users according to the types of events they generate during each
session. As commented in Section 3.3 we have divided LMS users
into student and lecturer profiles. At this moment we have focused
only on the formers. In particular, we have defined rules to indicate
whether a student is active/inactive in any of the tools included in
SakaiCoreOnt, namely evaluative tools, collaborative tools,
resources and announcements. Next two rules are examples of pro-
files rules. Note that rule R, is also defined in Fig. 5 by means of an
SWRL-like language.

R4: Active-in-CollaborativeTools Profile
If a student S generates a high number of events E on a col-
laborative tool T, then S is assigned an Active-in-
CollaborativeTool profile.

Rs: Inactive-in-Resources Profile
If a student S generates a very low number of events E on the
resource tool R, then S is assigned an Inactive-in-Resource
profile.

Although the profile assignment can be performed by means of
expert rules as shown above, after this work we have realized that
due to the huge amount of events available in an LMS there are
some other techniques more appropriate for this task. Thus, we
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RECOMMENDATION RULES

Resource recommendation for failed evaluations:

Ri: oc:Student(?s) A
sco:EvaluativeToolElement(?e) A
oc:Qualification(?q) A
blt:lessThan(?q.value,5) A
sco:isObtainedBy(7q, 7s) A
:isObtainedIn(?q, 7€) A
:TopicItem(?t) A
:refersTo(7e, 7t) A
:ToolElement(?l) A
:refersTo(?l,7t) A
:belongsTo(?l,7r) A
:Resource(?r) A

= sco:studentRequires(?s, ?l)

PROFILE RULES

Active-in-Collaborative Tools Profile:
Ry : oc:Student(?s) A

:Event(?e) A
ToolElement(?l) A
spo:isProducedBy(?e, 7s) A
:isProducedOn(?e, ?1) A
belongsTo(?l,7t) A
CollaborativeTool(7t) A

spo

SCo:

spo
SCO:

sco:

blt:greaterThan(?e.occurrences, 25) A
= spo:StudentProfile( “Active-in-ColTool”) N
spo:hasProfile(?s, “Active-in-ColTool”)

HYBRID RULES

Active-in-Collaborative Tools Profile with related tool elements:

Re : oc:Student(?s) A
sco:ToolElement(?11) A
sco:belongsTo(?l1,7t) A
sco:CollaborativeTool(?t) A
sco:isRelatedTo(?l1,712) A

= sco:studentRequires(?s, ?12)

spo:hasProfile(?s, “Active-in-ColTool”) A

Fig. 5. Examples of the different kinds of rules defined to infer recommendations, profiles and personalized recommendations based on profiles, respectively.

believe that the use of data mining and statistical techniques could
be used to discover a greater number of profiles and we are cur-
rently working on this line. The new discovered profiles will be
automatically added to SakaiProfileOnt without defining new
expert rules. In this paper we want to illustrate how some basic
profiles can be inferred through expert rules since such profiles
are useful to personalize recommendation rules as shown in next
section.

4.3. Hybrid rules

Recommendation rules described in Section 4.1 can be refined
by adding profile information to offer more accurate guidance.
We consider these rules as a third group of hybrid rules that com-
bines some general features obtained from the Virtual Campus
with personalized data. Next two rules are examples of hybrid
rules. Note that rule R is also defined in Fig. 5 by means of an
SWRL-like language.

Rs: Active-in-CollaborativeTools Profile with related tool
elements
If a student S has an Active-in-CollaborativeTools profile and
there is a tool element L, related to any tool element L; of
any collaborative tool, then recommend L, to S. .

R7: Active-in-CollaborativeTools Profile with failed evalua-
tions
If a student S fails an evaluative element EE in a subject SB
and S has an Active-in-CollaborativeTools profile but the most
used tool in SB is another different tool DT, then recommend
DT to S.

Observe that both rules take advantage of the student’s profile
information on collaborative tools to refine the recommendations.
Rule Rs recommends all the tool elements related to any tool
element belonging to collaborative tools (e.g., forum threads, chat
sessions) used by the student. Therefore, when any resource, test,
announcement, etc. is detected to be related to a forum or chat
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where the student actively participates, it is automatically recom-
mended to her as it is expected to be of her interest. The associa-
tions between elements considered in this rule are those stated
ad hoc by means of the sco:isRelatedTo relationship (see
Section 3.1). Note that this rule could be also defined using topic
items (i.e., semantic labels).

Rule R; refines the tools to be recommended when a student
fails some evaluation even though she shows to be an active stu-
dent in collaborative tools. However, it is possible that she is not
using the most adequate tool for that specific course. Think for
example in a course where most of the questions are solved by
means of a videoconference tool. This rule is defined to detect this
situation and guide the student to use more appropriate tools.

Finally, it is worth mentioning that at the moment no conflict
strategy is needed when two o more rules are simultaneously trig-
gered. Consequently, we consider that all the inferred recommen-
dations and profiles are cumulative for the LMS user.

5. Incorporating OntoSakai into Sakai

In order to illustrate all the ideas exposed in the previous sec-
tions, here we show how our semantic LMS model could be incor-
porated into Sakai. In particular, we have chosen a real case often
detected in our on-line students as a running scenario. It has been
noticed that some very participative students in forums obtain bad
qualifications in evaluative tests. The reason seems to be that
somehow these students have previously acquired practical
knowledge on the subject (e.g., due to work experience) and are
able to solve doubts posted in forums, but they do not have a
theoretical background. Recommending these students to read
the documents containing the theoretical concepts evaluated in
each test could be an alternative to solve this problem.

In the rest of the section we will assume that Alice is a type of
on-line student as described above who is enrolled in a DBA course.
She has a high participation level in forums, but she has failed the
first evaluative test with a rank of 3 out of 10. This test is intended
to evaluate the understanding of the “logical redundancy” concept
in databases, which is explained in a text document named
“IntroductionDBA.pdf”. The next paragraphs show how this infor-
mation is represented in the OntoSakai model (Fig. 6 shows a
graphical representation of this scenario in OntoSakai following
the notation adopted in Fig. 4).

The initial information related to a course/subject is intro-
duced in OntoSakai as follows. First, for each subject of interest
it is queried to Sakai which tools are available on it. An instance
of each matching tool is then created in the model. For this sce-
nario we have an instance of sco:Resources, sco:Tests and
sco:Discussion Forum concepts in the DBA course, among
others, as shown in the rightmost part of Fig. 6. Next, Sakai is
queried again to obtain the elements published in each available
tool. They are added to the model as instances of the sco:Tool
Element concept and linked to their corresponding tool by
means of the sco:belongsTo relationship. Note that the
instances  IntroductionDBA.pdf, DBAForumOnRedundancy and
DBATest1 in Fig. 6 are examples of such kind of instances in
our scenario. Moreover, DBATest1 is classified more specifically
as an evaluative tool element, since it belongs to the
sco:Tests concept (the sco:belongsTo relationship between
these two elements is not shown in Fig. 6 for the sake of read-
ability). Finally, a new query to obtain the students/lecturers
participating in that subject is executed. The results are
included as instances of the corresponding oc:Participant
concept and related to the subject. In this case, we have that
Alice is a student in the DBA course as shown in the uppermost
part of Fig. 6.

Observe that this initial “semantization” of a subject is executed
only once when it is introduced in the OntoSakai model.
Synchronization methods should be established for modifications
in the tools assigned to the subject and updates on tool elements
or participants.

The next step consists in the assignment of topic items to the
tool elements by the lecturer (and possibly ad hoc relationships
among tool elements as well, as explained in Section 3.1). In this
scenario, the lecturer creates topic items associated to the topic
“DBA” such as the “Logic Redundancy” one shown in Fig. 6. She
decides to associate this topic item to the three tool elements
aforementioned, namely the evaluative test (DBATest1), the .pdf
resource  (IntroductionDBA.pdf) and the forum thread
(DBAForumOnRedundancy). Both the creation of topic items and
their associations to tool elements are managed by means of
GUIs following Sakai’s design.

Besides the information explicitly added by the users, every
event of interest in Sakai (see Section 2.2) is automatically cap-
tured and represented in OntoSakai. For example, Alice’s responses
in the forums are represented by means of the instance

oc:isEnrolled
o DBA
Alice |- o . b
(oc:Student) 1
1
! "
15co: studentPequires scotincofporates
ice_DBA Testl_Fail value = !
(oc:Qualification) !
1
Y
scoiisObtainedin :bel
ookt DEATestl ntroductionpgapdf |°S° P9 (hp pescurces
(sco:EvaluativeToolElement) (scoToolElement) (sco:Resources)

spo:hasProfile ¢cotisProducedBy
spo:hasProfile

Alice_DBA Forum_Response | gcurrences = 30

(spo:Event)

spotisProducedon

slorefersTo

sloirefersTo

LogicRedundancy
(slo:Topicltem)

DBA Forum
(sco:Discussion Forum)

DBA ForumonRedundancy |sco:belongsTo
(scoToolElement)

Fig. 6. Instantiation of the main concepts of OntoSakai for representing Alice’s information, an active student with bad results in DBA. Red dashed concepts and relationships

are inferred from the OntoSakai model and expert rules.
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Alice_DBA_Forum_Response in Fig. 6, which also indicates that she
has answered 30 times in forums. Likewise, a test submission is
represented for this scenario along with its rank by means of the
Alice_DBA_Test1_Fail instance (note that this instance belongs to
the oc:Qualification concept).

Finally, the last step in the integration of OntoSakai is the use of
the expert rules defined in Section 4. These rules are loaded
together with the model and can be evaluated on-demand or peri-
odically according to the lecturer’s preferences (e.g., once per day
or per week). The new information is presented to the lecturer
grouped by students in order to be validated. It is also possible
to configure the system for automatically notifying the inferred
recommendations to students by e-mail or the next time they log
on to Sakai.

Following our running scenario, rules R; and R, are fired accord-
ing to the current information in OntoSakai (see Fig. 5 for the def-
inition of both rules). R; concludes that Alice should consult
IntroductionDBA.pdf as she has failed an evaluative test that refers
to the same topic explained in such a resource (observe that the
relationship sco:studentRequires represents this recommen-
dation in Fig. 6, denoted with a red-dashed line to indicate it has
been inferred). On the other hand, R4 classifies Alice as an active
student in collaborative tools since she has surpassed the
minimal number of posts in forums for such a classification (see
the leftmost part of Fig. 5 showing the inference of the
Active_in_ColTool profile for Alice). This piece of information could
be useful for the lecturer when assigning a global mark to that stu-
dent in case that participation is included as a competence, for
example.

Note that the information concluded by rule R4 could help to
fire hybrid rules to give more personalized recommendations.
For example, suppose that the OntoSakai model for the DBA
subject includes information stating that the videoconference tool
is the most used tool in the course. Then, combining the fact
inferred by R4 (i.e., Alice is an active student in collaborative
tools) with this information will fire rule R; (see Section 4.3) to
recommend she to use the videoconference tool better than
forums since the former is the preferred tool in this course (and
hopefully it could help her to pass the evaluative tests). Note that
this last inferred information is not included in Fig. 6 for the sake
of readability.

In order to integrate OntoSakai into Sakai we are developing a
new contrib module to perform the initial semantization of a sub-
ject and synchronization processes. The management of topic
items and their assignments to tool elements have been also
included in this module. Regarding the capture of events generated
in Sakai we have used Aspect]® to inject our code to update the
OntoSakai model when an event is being processed. Finally, the man-
agement of the ontologies that compose OntoSakai and the expert
rules has been accomplished by means of an API based on the
Jena® and Pellet® libraries.

6. Related works

This section reviews the most relevant LMSs along with the
main initiatives to integrate expert systems in LMS and to develop
user profiling techniques and ontologies in this area. As it is
described below, there is an incipient body of work integrating
semantics with LMS to provide them with expert systems features.
This indicates us that we are in the correct path to extend LMS with
personalized and recommendation services.

3 http://www.eclipse.org/aspect;j/
4 https://jena.apache.org/
5 http://clarkparsia.com/pellet/

Table 2
Most relevant Learning Management Systems and their starting year.

Commercial LMS leaders

Blackboard/Angel/WEBCT (1997)
Desire2Learn (1999)
Pearson’s eCollege (2007)

Open source LMS leaders

Moodle (2002)
Sakai (2004)
Canvas by instructure (2012)

6.1. Learning Management Systems and expert systems

Campus Computing Project’s survey conducted in 2013
(Campus Computing Project, 2013) highlights the continuing tran-
sition in the higher education market for Learning Management
Systems. The survey addresses the leading commercial and open
source tools in this area, summarized in Table 2.

The platforms listed here have different tools aimed to the col-
lection of indicators of use and performance, being responsibility of
lecturers their interpretation. Thus, we identify a lack of studies of
possible correlations between the indicators provided by a specific
LMS (e.g., Sakai) to provide tools to assist lecturers in decision-
making processes. It would be also desirable to take advantage of
the knowledge that, year after year, is generated spontaneously
when using an LMS in order to proactively detect behaviors pat-
terns that result in academic or management problems.

Generally, all LMS mentioned above offer several common tools
for establishing lecturing strategies or course management (Boneu,
2010). However, none of them provide personalization and/or rec-
ommendations services to lecturers and students based on the
classification of the available contents/resources and use indica-
tors. Our proposal addresses an initial effort in this direction. In
the early stages we require lectures to collaborate by adding “se-
mantic tags” (i.e., the topic items explained in Section 3.1) to the
resources available in the course. In next stages analyzers for
unstructured data will be employed to automatically annotate
resources and data mining techniques will be applied to the mas-
sive volume of data gathered each year by LMSs in order to find
behavior patterns.

On the other hand, an emergent body of work is focusing on the
importance of combining semantics with expert knowledge to
offer recommendation services in LMSs. For example, a very recent
communication (Gavriushenko, Kankaanranta, & Neittaanmaki,
2015) remarks the convenience of using semantic-web-oriented
technologies to enhance a model of decision support system for
LMS. An excellent survey is given in this work where several earlier
studies have been identified to extend LMS features through
semantic web technologies (e.g., tutoring systems or searching of
learning materials previously tagged with semantic information).
It proposes an architecture and a knowledge model to develop an
incipient intelligent tool for recommendation services in LMSs,
but without showing details about the ontology which they are
still working on. Authors also use SWRL-like rules to implement
recommendation services. No personalization features are
included in this work yet. Note that, thanks to ontologies proper-
ties, in the future we could integrate our ontology with theirs for
interoperability reasons.

There are other works in the literature based on expert systems
for enabling particular recommendation services in LMSs. For
instance, in Engin et al. (2014) two educational ruled-based expert
systems at a private international university are presented, aimed
at recommending courses to undergraduate students. An e-learn-
ing platform, based on expert systems, is proposed in Ozyurt,
Ozyurt, and Baki (2013) to teach probability at secondary school
level and recommending tasks according to the Turkish curriculum
for secondary school mathematics course. Finally, there exist other
works where problems with the use of e-learning systems are ame-
liorated using expert systems, especially focused on solving
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cognitive overload and disorientation problems (Hafidi &
Bensebaa, 2013) and on the online problem-solving behaviors of
lecturers (Hwang, Chen, Tsai, & Tsai, 2011). Observe that all these
works are focused on a particular kind of recommendation service,
whereas our proposal presents a general and customizable recom-
mendation tool. Moreover, these works does not take into account
the semantic information available in LMSs.

Finally, it is worth mentioning other interesting proposals of
recommendation systems for LMSs based on techniques different
from expert systems, as for example the use of Web 2.0 Personal
Learning Environments (PLEs) (Rahimi, van den Berg, & Veen,
2015), the use of Web services (Barros et al., 2011; Peredo,
Canales, Menchaca, & Peredo, 2011), or data mining techniques
(Natek & Zwilling, 2014).

6.2. User profile management

User profiling has been adopted as the main alternative to pro-
vide personalization, adaptation and usability of applications in
ubiquitous computing. The main line of research in this area is
based on the definition of ontologies for representing profiles
(Sutterer, Droegehorn, & David, 2008). However, most of these
ontologies are defined ad hoc, and therefore interoperability is
not taken into account. It is then necessary to work towards an
interoperable system based on ontologies to allow an automatic
profile assignment to match the users’ requirements and needs.
This ontological representation must describe at least models of
agents/users in the system, the user’'s needs and the solutions
offered by applications.

Apart from the user profiling representation model, it is also nec-
essary to offer methods to compare the solutions provided and to
measure the satisfaction of the solution offered with respect to the
identified needs. To this end, it could be applied concepts such as
similarity between profiles and requirements for new situations,
along with trust and reputation concepts related to the software
agents responsible for conducting these assignments (Caballero,
Mufioz, Soto, & Botia, 2014; Khosravifar, Bentahar, Gomrokchi, &
Alam, 2012). Regarding the concept of similarity, this concept allows
selecting an appropriate profile to meet the needs of a user when the
agent or software responsible for that selection does not have
enough knowledge to execute that task. The similarity values are
obtained through the information given by other agents. These val-
ues must be properly weighted by the trust and reputation of the
agents who supply them (Urbano, Rocha, & Oliveira, 2010).

6.3. Related ontologies

Many of the ontologies developed in the LMS area are devoted
to the classification of documents and students. Henze, Dolog,
and Nejdl (2004) propose a framework for personalized
e-Learning in the Semantic Web and show how the description
of resources based on ontology language can be utilized for auto-
matic generation of hypermedia structure. This structure allows
students to browse documents in an LMS which matches their
preferences and needs. Our proposal follows this line, but we
extend the semantization of resources beyond of hypermedia doc-
uments. Jovanovic, GaSevi¢, Knight, and Richards (2007) present a
similar approach for learning objects (LO). Their ontology structure
is based on a core ontology for LOs that is extended with other
knowledge models such as user modeling ontology, domain ontol-
ogy, and learning design ontology. Based on these ontologies, they
develop two tools for lecturers to create learning content adapted
to the learner’s knowledge and to analyze the quality of the learn-
ing content and learning design of the courses they teach.
However, although these tools are more advanced than the basic
Site Stat tool available in most LMS, they still require a

considerable effort from the lecturer to offer recommendation
and personalization to students.

In the literature there are other ontologies mainly focused on the
management of exams and tests in LMSs. OntoQue (Al-Yahya, 2014)
is an ontology proposed to manage multiple choice question (MCQ)
tests. The automatic generation of MCQ items by means of this
ontology is evaluated in this paper including relationships to their
associated learning objects. Some shortcomings such as the knowl-
edge level and language to be addressed when generating tests are
detected in this work. On the other hand, OeLE (Fernandez-Breis,
Canavate-Cafiavate, Castellanos-Nieves, Valencia-Garcia, &
Vivancos-Vicente, 2005) focuses on the development of an ontology
for the generation and evaluation of exams on e-learning platforms.
Oele is a high quality tool, covering multiple aspects on exams
management within an LMS. However, both proposals do not offer
a solution to the students to have better understanding of all the
resources, tasks, etc., related to exams in order to provide students
with recommendations to prepare such exams.

Gaeta, Orciouli, and Ritrovato (2009) propose an advanced man-
agement system for personalized e-learning. This system allows
building a collaborative ontology through virtual communities.
Its main goal is to organize and keep up-to-date learning resources
such as learning object, learning paths, etc. They propose a life-
cycle of ontologies to be used without any specific expertise in
knowledge engineering. Nevertheless, to get a real user personal-
ization, the system must be capable of profiling it, and this not only
includes personal information provided by questionnaires filled
during the registration in the LMS (explicit knowledge), but it also
must be enriched by observing their behavior and preferences
(implicit knowledge).

7. Conclusion and future work

Learning Management Systems (LMS) have demonstrated to be
a useful tool in learning processes, especially for on-line students,
and they are consolidated in most universities worldwide. New
advanced features can now be introduced in LMSs aimed at enhanc-
ing the experience of students and lecturers with these platforms
and even to improve academic results. In this paper we propose
an alternative based on semantic technologies to offer recommen-
dation and personalization features in an LMS, namely Sakai.

Firstly, we have made an exhaustive study of the most relevant
Sakai’s tools and events with respect to the information they pro-
vide. This information can be used to capture the necessary seman-
tics to build recommendation and personalization services. We
have determined that collaborative tools such as forums and chats
as well as evaluative tools like exams are very valuable, together
with resources such as text documents. Regarding events, the most
important ones to determine users’ activity are those of creation,
submission and reading.

Based on this study, we have designed an ontology called
OntoSakai to model the obtained knowledge and semantically
annotate Sakai’s users, tools and events. OntoSakai is composed
of four subontologies that cover different parts of an LMS: (1)
OntoCompetence, focused on competence assessment; (2)
SakaiCoreOnt focused on the classification of LMS tools and their
content; (3) SakaiClassificationOnt, dealing with semantic annota-
tion of LMS components; and (4) SakaiProfileOnt, aimed at repre-
senting users’ profiles based on events. OntoSakai enables a
formal and exchangeable representation of an LMS that can be
used to validate the data contained in it and to infer new informa-
tion, as for example to identify which collaborative tool is more
suitable according to a specific student profile.

In order to implement recommendation and personalization
services, we have defined a set of expert rules on top of
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OntoSakai containing the knowledge elicited from lecturers and
students in our department. These rules are designed to infer
recommendation for students - as for example those addressed
to help students with poor qualifications -, and to obtain student
profiles based on the events they generate (or due to the absence
of them). Besides, a third group of hybrid rules combining recom-
mendation and profile information is also included to offer more
personalized recommendations.

Finally, a real case is used to test the integration of OntoSakai
into Sakai as a proof of concept. This test shows how the semantic
information flowing through Sakai is captured by our ontology. The
different recommendations proposed to a student and how they
could improve her learning process are also illustrated in this
scenario.

Regarding our theoretical contributions with respect to related
works on LMSs in the Expert and Intelligent Systems area, we can
summarize them as (1) a classification of the most relevant tools
employed in LMSs and the events associated to them; (2) the
design of a complete, reusable and extensible ontology using a
formal methodology that enables capturing the semantics of all
the fundamental elements in LMS platforms according to the pre-
vious classification; and (3) the demonstration that it is possible to
offer personalized recommendations to improve the experience of
LMS users thanks to the inference of new information by means of
expert rules defined on top of the ontology. While some related
works have partially addressed the study of LMS components
and their semantic representation, this paper gives a more compre-
hensive and complete view in this field. Moreover, to the best of
our knowledge, we have not found other works using expert rules
to implement hybrid personalized and recommended services in
LMSs as in our proposal.

On the other hand, we have identified several limitations and
lessons learned. In the first place, we have realized that the defini-
tion of users’ profiles by means of expert rules is not scalable. This
is due to the large number of variables and its possible values that
constitute a profile in LMS. Moreover, by using expert rules we
need to define profiles before they are detected in the LMS. We
propose the use of data mining and machine learning techniques
as a solution to automatically detect profiles and then translate
them into rules. Another limitation consists in that LMS processes
using OntoSakai could have an impact in its performance due to
semantic reasoning tasks. This problem is not crucial unless very
large volumes of data are to be analyzed and the LMS process
requires a real-time response. Eventually, the assignment of
semantic labels to LMS elements (text resources, forums, etc.) is
responsibility of the lecturers at this moment. It would be desirable
to develop a module that automatically extracts semantic labels
from these elements by analyzing their content.

As future lines, the most immediate one is the adoption of data
mining and statistical techniques to extract patterns of behaviors
that will amount to users’ profiles. Another interesting line is the
use of semantic annotation tools such as UIMA® to automatically
set the appropriate topic items to any tool element, from text docu-
ments to video tutorials or podcasts. In this manner, the intervention
of lecturers will not be necessary to annotate tool elements. Finally,
we are currently working on completing the integration of OntoSakai
into Sakai in order to offer it as a new “contrib” module to the Sakai
community.
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Resumen: La interaccién en Entornos Virtuales de Aprendizaje (EVA) estd enfocada principalmente a mejorar la
experiencia de uso y resultados académicos del alumnado. Sin embargo, no se debe descuidar la interaccion del resto
de actores del proceso educativo con estas plataformas, tales como el profesorado y los coordinadores. Este trabajo
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guian la metodologia seguida: (1) analizar las limitaciones de monitorizacién del profesorado de los EVA actuales; (2)
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la herramienta propuesta. Los resultados obtenidos muestran que dicho tipo de herramienta ayuda a los coordinadores
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A tool for monitoring lecturers’ interactions with Learning Management Systems

Abstract: Learning Management Systems’ (LMS) interaction mechanisms are mainly focused on the improvement of
students’ experiences and academic results. However, special attention should also be given to the interaction between
these LMS and other actors involved in the educational process. This paper specifically targets the interaction of degree
coordinators with LMS when monitoring lecturers’ performance, especially in an online mode. The methodology is guided
by the following three objectives: (1) analysis of the limitations of monitoring lecturers in current LMS; (2) development
of software program to overcome such limitations; and (3) empirical evaluation of the proposed program. The results
show that this type of tool helps coordinators to intuitively and efficiently analyze the status of the subjects taught in
their degree programs.
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1. INTRODUCCION

Durante la Gltima década, el uso de Entornos
Virtuales de Aprendizaje (EVA) se ha extendido y
consolidado en la mayoria de las universidades de
todo el mundo. Estos entornos ofrecen una herra-
mienta de trabajo dinamica y versatil para apoyar
la gestidon de contenidos, los procesos académicos
y el aprendizaje colaborativo tanto para modalida-
des de estudio presenciales como a distancia. De
esta manera, la adopcidn de EVA por parte de las
universidades permite una mejora en la calidad de
la ensefanza y en el rendimiento académico (Cam-
pus Computing Project, 2013; Maldonado y otros,
2011; Ellis y Calvo, 2007).

En la actualidad existen varios desafios relacio-
nados con el desarrollo y aprovechamiento éptimo
de los EVA que requieren una especial atencion.
Uno de estos desafios consiste en aprovechar la
informacion proporcionada por los indicadores de
uso de los EVA (conocidos como e-learning me-
trics) para monitorizar y analizar la interaccion
del profesorado en estas plataformas con el fin de
detectar dificultades y deficiencias en el esquema
de trabajo --especialmente en la modalidad a dis-
tancia--, ofrecer sugerencias de mejora, o conso-
lidar buenas practicas (Sanchez y Arrufat, 2015;
Bhuasiri y otros, 2012; Delgado y Fernandez-Llera,
2012; Steel y Levy, 2009).

La respuesta a este desafio es de especial interés
a los coordinadores y/o responsables de facultades
o titulaciones, ya que podran disponer de informa-
ciéon que les permita controlar de manera agil la
frecuencia de acceso de su profesorado a la pla-
taforma, si cumple con el plan de trabajo previsto
en la asignatura, si se esta respondiendo adecua-
damente a las necesidades de los alumnos, etc.
Aunque la mayoria de los EVA disponen de diversos
tipos de indicadores del uso que hacen los profe-
sores de los mismos, la ausencia de herramientas
que ayuden a interpretar dichos indicadores deja
toda la carga de esta tarea a los coordinadores,
que deben, siguiendo un proceso tedioso y repeti-
tivo, buscar posibles deficiencias o carencias en la
gestion de una asignatura por parte del profesor
(Galadn y Mateos, 2012; Retalis y otros, 2006).

De acuerdo con lo anterior, el propdsito de nues-
tro trabajo reside en analizar, disefar e implemen-
tar una herramienta grafica para el analisis de uso
de EVA por parte de los profesores, bajo la hipote-
sis de partida de que facilitard y mejorara la labor
de los coordinadores en el seguimiento del profe-
sorado. De esta manera, a través de una visualiza-
cién de la informacidn intuitiva y sencilla, los coor-
dinadores podran detectar répidamente cualquier
carencia en la gestion de una asignatura y tomar

las acciones correctivas que crean necesarias. Para
evaluar nuestra propuesta y la experiencia de los
coordinadores ante esta nueva herramienta reali-
zaremos encuestas y grupos de discusion en los
que se valore la calidad del nuevo tipo de interac-
cién de los coordinadores con los EVA.

Por tanto, los objetivos del presente trabajo giran
en torno a las tres lineas siguientes:

(1) Analizar las limitaciones de los EVA actuales
para el seguimiento de la actividad del profesorado.

(2) Desarrollar una herramienta de monitoriza-
cion de la actividad del profesorado en un EVA.

(3) Contrastar empiricamente la eficacia de la
herramienta desarrollada para valorar su utilidad
de cara a los coordinadores.

En las siguientes secciones revisaremos el esta-
do del arte en el uso de e-learning metrics para
la monitorizacion del profesorado. A continuacion
describiremos la metodologia que hemos seguido
hasta desarrollar una herramienta llamada Online-
Data centrada en mejorar la interaccion y expe-
riencia del coordinador con un EVA para monito-
rizar el estado de las asignaturas de su titulacion.
Seguidamente discutiremos el resultado obtenido,
finalizando con las conclusiones mas relevantes de
este trabajo.

2. ESTADO DE LA CUESTION

Antes de comenzar a describir nuestra propuesta,
conviene hablar sobre las herramientas de informe
de actividad que nos ofrecen los principales EVA para
analizar la interaccion con dichas herramientas. He-
mos estudiado las siguientes plataformas de cddigo
abierto: Moodle (Cole y Foster, 2007), Canvas by
Instructure (Canvas LMS, 2015) y Sakai (Sakai pro-
ject, 2015), siendo esta ultima en la que nos hemos
centrado particularmente al ser la empleada en la
institucion objetivo del estudio. Todas ellas contie-
nen modulos que permiten generar informes sobre
los registros (logins) de usuarios y uso de las dife-
rentes herramientas que tienen asociadas (cantidad
de descargas de un recurso, de participaciones en
foros, de tareas enviadas, etc.). Sin embargo, estos
informes no alcanzan el nivel de detalle necesario
que permita al coordinador de una titulacion llevar
un seguimiento del estado de cualquier asignatura
por parte del profesor responsable (Peter y otros,
2010). Nos referimos a informacién sobre activida-
des pendientes del profesor (nUmero de foros sin
responder, tareas sin corregir, etc.), tiempo de res-
puesta en las distintas actividades (tiempo medio
que tarda el profesor en responder un foro, tiempo
medio que tarda en corregir una tarea, etc.), entre
otra informacion de interés. Ademas, los informes
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estan diseminados por las diferentes asignaturas, lo
que obliga a ir revisando asignatura por asignatura
para obtener todos los informes de una titulaciéon en
un proceso tedioso y repetitivo.

Hasta donde sabemos, no existen herramien-
tas especificas orientadas al analisis del compor-
tamiento del profesorado en las plataformas de
aprendizaje virtual estudiadas que nos permitan un
analisis flexible de los datos registrados en dichas
plataformas. Actualmente, las herramientas de
analisis de actividad estan enfocadas al estudio de
usabilidad de EVA con la finalidad de alcanzar me-
jores resultados académicos (Van Leeuwen y otros,
2014; Dodero y otros, 2014), limitadas al rol de
estudiante y descuidando el proceso de trabajo del
profesorado. En este ambito, cabe destacar la es-
pecificacién API de Tin Can (Chiang y otros, 2015),
que permite capturar la actividad que generan los
alumnos durante el proceso de aprendizaje a dis-
tancia obteniendo datos con un formato comun e
independiente del uso de un EVA en particular, sol-
ventando las limitaciones que presenta el estandar
SCORM (Sharable Content Object Reference Mo-
del) para la creaciéon de contenidos ante las nuevas
necesidades tecnoldgicas (Poltrack y otros, 2012).

También se han revisado las principales métricas
e-learning enfocadas a evaluar la carga de traba-
jo por parte del profesorado segun varios orga-
nismos de estandarizacion (Hilera y Hoya, 2010).
El primero es OpenECBCheck (ECBCheck, 2015),
herramienta que ofrece un esquema de aumento
de la calidad para programas e-learning permitien-
do una mejora continuada a través de la colabo-
racion y trabajo por comparacion entre diferentes
organizaciones. Se basa en un conjunto predefini-
do de criterios divididos en dos sectores (minimos
y excelencia) con unos indicadores identificativos
y puntuables a modo numérico para cada uno de
ellos, obteniendo un resultado vinculado a cada
area que nos permite identificar los sectores po-
tenciales de mejora. Como segundo estandar se ha
revisado la normativa UNE 66181 (Hilera Gonzalez,
2008) donde se especifican las directrices a seguir
para la identificacion de calidad en herramientas
de aprendizaje virtual. Ninguno de los anteriores
estandares describe como se debe implementar
mecanismos analiticos ni herramientas para cuan-
tificar la metodologia docente de manera indivi-
dualizada ni hacen referencia a una interfaz para
uso del profesorado/coordinador donde se evalle
su actividad global de trabajo. La normativa que
mejor se ajusta a nuestro proyecto es ISO/IEC
19796-1, proporcionando un modelo comun que
especifica métricas en el &mbito de la tecnologia de
la informacion en educacion que ayuden a alcanzar
la maxima calidad (Pawlowski, 2007).

Finalmente hemos revisado los trabajos relacio-
nados desde el campo de la analitica de aprendiza-
je a distancia (e-learning analytics). En él se sin-
tetizan y estudian conexiones entre técnicas edu-
cacionales existentes, conceptos de aprendizaje y
minerias de datos educativas teniendo en cuenta
todos los roles implicados en el proceso (Siemens y
Long, 2011). En particular nos hemos centrado en
el area de la analitica visual, que propone el uso de
interfaces visuales para mostrar los resultados ob-
tenidos del razonamiento analitico. Visualizando los
datos es mas sencillo analizar los resultados, ayu-
dando a los usuarios a descubrir nuevas relaciones,
posibles irregularidades, cambio de patrones, etc.
El exhaustivo analisis realizado por Gémez-Aguilar
y otros (2014) propone un modelo que tenga en
cuenta las técnicas de analitica visual en entornos
educacionales como complemento tanto al proceso
de aprendizaje como al proceso académico desa-
rrollado en esos entornos, sin llegar a desarrollar
una herramienta para validar el modelo. Por otro
lado, Li y otros (2015) proponen un sistema basa-
do en analitica visual que detecta comportamien-
tos e-learning en estudiantes y descubre factores
clave que ayudan a mejorar el proceso educativo
como, por ejemplo, la puntuacion de examenes fi-
nales y su relacion con el nimero y tiempos de
entrega de las tareas propuestas en la asignatura.

La falta de herramientas basadas en analitica vi-
sual abre una brecha en el analisis del uso de los
EVA, dificultando la explotacion de los datos masi-
vos recogidos por estas plataformas. El presente
trabajo propone avanzar un paso en la monito-
rizacién del profesorado en EVA a través de una
herramienta basada en los planteamientos de la
analitica visual.

3. METODOLOGIA

Nuestro trabajo se desarrolla en la Universidad
Catodlica San Antonio de Murcia (UCAM), donde se
imparte un amplio abanico de titulaciones en di-
ferentes modalidades. Se considera como caso de
estudio el trabajo docente de grado y posgrado de
cuatro facultades: Facultad de Ciencias de la Sa-
lud, Facultad de Ciencias Sociales y de la Comuni-
cacién, Facultad de Ciencias Juridicas y de la Em-
presa y Escuela Politécnica Superior, de los cursos
de tercero y cuarto en el caso de los grados y en
el primer curso en el caso de posgrado, teniendo
en cuenta la modalidad a distancia durante el cur-
so 2014/2015. De esta forma, la poblacion total
del estudio consta de 6 Grados, 13 Postgrados, 38
Coordinadores (dos por titulacién), 200 Profesores,
126 Asignaturas y 86 Materias. En la muestra reco-
gida para la investigacion se han seleccionado las
asignaturas/materias mas representativas de cada
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titulo atendiendo al nimero de alumnos matricula-
dos. La Tabla I contempla la seleccion de asigna-
turas/materias escogidas, el nUmero de profesores
de cada asignatura y los alumnos matriculados.

Es importante resaltar que en este estudio he-
mos empleado Sakai como EVA de referencia, ya
que es el utilizado en nuestra institucion. Esta de-
cisiéon no debe interferir en los resultados obteni-
dos puesto que otros EVA conocidos como Moodle
o Canvas tienen practicamente el mismo conjunto
de herramientas para mostrar las estadisticas de
uso y se configuran de manera similar. Todos los
profesores que imparten en modalidad a distan-
cia han recibido cursos de formacion en la propia
Universidad, por lo que partimos del supuesto de
que tienen las habilidades suficientes para manejar
Sakai sin dificultades.

La metodologia seguida se divide en tres etapas,
las cuales se corresponden con los objetivos defini-
dos en la seccidn de introduccion, a saber: analisis
de las limitaciones, desarrollo de la herramienta y
evaluacion.

3.1. Etapa Primera

En la primera etapa se define el proceso que nos
ayudara a detectar aquellas carencias que presen-
tan las herramientas de monitorizacion incluidas
en los EVA. Esta etapa se divide en dos fases: la
primera establece cémo y qué tipos de datos es-
tadisticos se van a obtener del EVA, mientras que

Tabla I. Seleccion de la muestra de estudio

la segunda esta orientada a que los coordinadores
establezcan las limitaciones y deficiencias encon-
tradas en los informes generados desde dicho EVA.

3.1.1 Fase 1.1

En esta primera fase se crean informes de acti-
vidad de los profesores a través de la herramienta
Estadisticas de Sakai, que permite generar distintos
tipos de informes predefinidos sobre la actividad de
los usuarios seleccionando entre diferentes indica-
dores. En particular, los indicadores disponibles se
dividen en cuatro categorias: (1) Actividad, a selec-
cionar entre visitas (logins), eventos o recursos con-
sultados; (2) Periodo de tiempo sobre el que se crea
el informe; (3) Usuarios sobre los que se crea el in-
forme; y (4) Tipo de informe a mostrar, pudiéndose
seleccionar entre distintos tipos de graficas o tablas.

Los indicadores escogidos para este estudio son:
(1) Eventos como actividad a reportar. Dentro de
esta opcidn se sefialan todas las herramientas dis-
ponibles a analizar (tareas, recursos, foros, anun-
cios, etc.); (2) Como periodo de tiempo a mostrar
se opta por un periodo mensual; (3) Se escoge
como usuario el rol «Instructor», que correspon-
de al profesor o profesores de la asignatura. Es
importante indicar aqui que a los coordinadores
de cada titulacion se les asigna el rol «Instructor
Responsable» de cada una de las asignaturas de la
titulacion. De esta manera pueden acceder a todas
ellas y monitorizar periédicamente la actividad ge-

Titulos N° Alumnos | N° Profesores Curso | Asignatura/Materia
40 2 30 Neuropsicologia
Grado de Psicologia 60 1 40 Evaluacién, Tratamiento y Prevencién de
Problemas Psicoldgicos
35 2 30 Future Media y Gamificacion
Grado Comunicacién 24 2 40 Disefio de Proyectos Abiertos vy
Colaborativos
85 1 30 Derecho Procesal III
Grado en Derecho
68 2 40 Derecho Financiero y Tributario II
Grado de Ingenieria 32 2 30 Programacién Web
Informatica 28 1 30 Modelado del Software
Méaster en Direccién de 75 3 10 Entorno socioeconémico y juridico
Empresas
Master Regulacion 24 2 10 Etiquetado nutricional
Alimentaria
Master Ciencias de la 31 4 10 La Criminalidad Contemporanea:
Seguridad y Criminologia Delincuencia Organizada y Terrorismo
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nerada; (4) En el tipo de informe se selecciona una
grafica por totales de cada evento.

Con los informes generados en este paso se pue-
de valorar el nimero de eventos que el profesor
ha generado en cada herramienta de Sakai, como
por ejemplo el numero de anuncios publicados,
numero de tareas corregidas, nUmero de recursos
subidos, etc. Hay que destacar que los coordina-
dores deben generar estos informes uno a uno por
cada asignatura de interés, siendo apoyados desde
la Unidad de Ensefianza Online para resolver sus
dudas. Dichos informes pueden ser exportados a
diferentes formatos tales como PDF o XLS.

3.1.2 Fase 1.2

En esta segunda fase se les pide a los coordina-
dores que redacten una lista con los problemas ex-
perimentados durante la creacion de los informes
desde la herramienta Estadisticas y con aquellas
métricas de interés que detecten que no han podi-
do ser evaluadas con dichos informes.

Una vez recibida esta informacién, se establece
un sistema periddico semanal de envio a los coor-
dinadores de informes extendidos, los cuales re-
cogen las métricas establecidas en la fase 1.1 y
aquellas métricas adicionales identificadas en esta
fase. Estos informes extendidos son generados por
la Unidad de Ensefanza Online y se muestran en
forma de tablas estéticas estructuradas por asig-
natura para las que se indica el nUmero de profe-
sores responsables, nimero de alumnos matricu-
lados y herramientas a monitorizar con los valores
medidos. Los datos se obtienen directamente de
la base de datos del mddulo Sakai Events para ser
luego presentados en la forma de tabla explicada.

3.2. Etapa Segunda

En esta segunda etapa se describe el proceso se-
guido para desarrollar la herramienta OnlineData,
centrada en mejorar la interaccion y experiencia
del coordinador con un EVA para monitorizar el es-
tado de las asignaturas de su titulacion.

La metodologia para el desarrollo de la herra-
mienta OnlineData estd fundamentada en la Me-
todologia Incremental para desarrollo del Software
(Pressman, 1997). Con esta metodologia se obtie-
ne un producto basado en un desarrollo iterativo
y creciente con toma de decisiones basadas en la
experiencia de los productos creados en las itera-
ciones anteriores. En cada iteracion se siguen cua-
tro fases: Andlisis, Disefio, Implementacion y Prue-
bas. En la fase de analisis se recogen los requisitos
esenciales de la aplicacion desde el punto de vista
de los coordinadores. En la fase de Disefio se es-
tudian las tecnologias y métodos mas apropiados
para conseguir los requisitos demandados. En la
fase de Implementacién se lleva el resultado del
disefio a un software determinado. Por ultimo, en
la fase de Pruebas se comprueba que se cumplen
los requisitos abordados y se registran los fallos y
requisitos todavia no conseguidos para pasar a una
nueva iteracion.

El objetivo de la herramienta OnlineData atiende
a dos requisitos de interaccién principalmente: (1)
una alta flexibilidad en la seleccidon de las métricas
a evaluar, manteniendo un nivel de sencillez en su
configuracion y (2) una visualizacion de los valores
de dichas métricas para todas las asignaturas de
una titulacion de manera centralizada, con diferen-
tes niveles de detalle y que permita detectar defi-
ciencias a través de algun tipo de alerta.

Para lograr el primer requisito, OnlineData permi-
te mostrar distintos informes de resultados gracias
a la seleccion previa de los parametros disponibles
en las métricas a evaluar. Se podran escoger aque-
llas herramientas de seguimiento a ser evaluadas,
tipos de recursos, intervalos de tiempo a visualizar,
distintas agrupaciones de resultados y busquedas
por profesor a monitorizar. La Tabla II recoge los
principales parametros de configuracion.

Para lograr el segundo requisito referente al ana-
lisis visual de las métricas se propone un disefio de
interfaces top-down (Patterson y otros, 2014), en
el que se muestran las métricas de interés de un
nivel mas global a un nivel mas especifico. Asi, las

Tabla II. Métricas y parametros configurables en OnlineData

Métricas Configurables Opciones

Herramientas de Seguimiento

Foros, Tareas, Mensajes privados, Chats y Videoconferencias

Recursos

Audiovisuales, Contenidos y Examenes

Tiempo

Fecha inicio y fecha fin (En formato dd/mm/aaaa)

Agrupaciones

Curso, Materia, Asignatura

Profesor

DNI, Nombre, Apellidos
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interfaces de mas alto nivel muestran indicadores
de uso de las herramientas para todas las asigna-
turas de una titulacion, mientras que las interfaces
de mas bajo nivel se centran en la evolucion del
uso de una herramienta especifica en una asigna-
tura concreta.

Siguiendo con este segundo requisito y respec-
to a la técnica visual para detectar deficiencias, se
decide utilizar colores para valorar el nivel de uso
de las distintas herramientas y asi indicar diferen-
tes tipos de alertas. En particular, se utilizan los
colores rojo, naranja y verde para indicar el nivel
de alerta, siendo rojo un valor no admisible para
la métrica evaluada, naranja un valor limite dentro
de los parametros establecidos y verde un valor
admisible dentro de los parametros establecidos.
Ademas, los rangos de valores para los niveles de
alerta de cada métrica son parametrizables por el
coordinador, dependiendo de la metodologia apli-
cada vy el tipo de asignatura. Por ejemplo, el nu-
mero esperado de participaciones del profesor en
foros no sera el mismo para una asignatura pre-
sencial que para la misma asignatura en modalidad
a distancia. Las métricas y sus correspondientes
alertas se mostraran para cada asignatura y herra-
mienta seleccionada por el coordinador, de manera
que obtenga el estado global de su titulaciéon en
una sola interfaz.

Para aclarar el uso de colores en la gestion de
alertas pongamos como ejemplo la métrica corres-
pondiente al nimero de foros no leidos por parte
de un profesor en la titulacion de Psicologia a dis-
tancia. Asi, un numero de foros no leidos mayor de
10 se indicara en rojo, si el nUmero es exactamente
10 se marcara en naranja y un nimero por debajo
de 10 se marcara en verde. La Tabla III muestra
este ejemplo concreto para tres asignaturas.

Para el desarrollo de la herramienta OnlineDa-
ta se opta por utilizar el patron de arquitectura
software Modelo Vista Controlador (Pressman,
1997), separando los datos de la Idgica de nego-
cio. De esta manera, por un lado se definen los
componentes para la representacion de la infor-

macién y por otro lado los componentes para la
interaccién del usuario. Se utilizan tecnologias de
programacién orientada a objetos, en concreto el
lenguaje Java version 7 con la herramienta de de-
sarrollo Hibernate (Hibernate ORM, 2016). Como
framework para gestionar la comunicacion entre
la aplicacion y la base de datos utilizamos Mon-
drian (Mondrian, 2016). Puesto que la base de da-
tos de Sakai es Oracle 11g, el lenguaje utilizado
para la realizacion de los scripts de consulta ha
sido PL/SQL. Finalmente, para modelar el disefo
de la aplicacidn se utilizan hojas de estilo JQuery
(JQuery, 2016) y Bootstrap (Bootstrap, 2016). El
acceso a la aplicacidn se va a realizar a través de
un navegador web sin necesidad de instalar nin-
gun programa adicional.

3.3. Etapa tercera

En esta Ultima etapa se evalla la validez y efi-
ciencia de las herramientas de analisis utilizadas
en las etapas anteriores. Para su evaluacion se
utilizaran dos métodos empiricos: (1) Grupos de
discusion y (2) encuestas de valoracion.

En los grupos de discusién se valora la opinion de
los coordinadores de las titulaciones y del comité
de expertos de la Unidad de Ensefianza Online que
han intervenido en el estudio. El grupo de discusién
estad formado por un total de 18 participantes (14
coordinadores y 4 miembros del comité de exper-
tos). Dicho grupo se convoca al final de cada etapa
para generar un informe por cada facultad sobre la
valoracién de las herramientas presentadas, donde
se recogen las ventajas y limitaciones de los resul-
tados obtenidos en cada una de las etapas.

Como segundo método se realizan encuestas de
valoracién a los coordinadores que participan en
el grupo de discusidn, obteniendo los resultados
de forma cualitativa. Se establecen 4 dimensio-
nes a valorar, que se identifican con los objetivos
marcados por la Unidad de Ensefianza Online de la
UCAM: (1) utilidad, (2) experiencia del usuario, (3)
frecuencia de uso y (4) tiempo de uso. Se propor-
ciona ademas un valor deseado a alcanzar en cada

Tabla III. Ejemplo de alertas para foros no leidos en el Grado de Psicologia a distancia

Nombre Asignatura

Publicacion Foros

Nombre Profesor

Psicologia de la Personalidad XXXX
Historia de Psicologia XXXX
Antropologia Social XXXX
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una de ellas. Las encuestas estan compuestas de 7
preguntas de tipo Likert formuladas atendiendo a
las dimensiones a valorar indicadas anteriormente
(ver Tabla 1IV). Se establece una clasificacion ordi-
nal (Baja, Baja-Media, Media, Media-Alta y Alta)
para la evaluacion de cada una de ellas. Los coordi-
nadores repetiran las encuestas en tres ocasiones,
para la fase 1.1 y fase 1.2 de la primera etapa y
para la segunda etapa.

Finalmente se tiene en cuenta la necesidad de
realizar una validacion cruzada de los datos al-
macenados en Sakai con los datos mostrados por
OnlineData, comprobando en todo momento que
existe una correspondencia exacta entre dichos
datos.

4. RESULTADOS

Este apartado muestra los resultados para cada
una de las etapas definidas en la metodologia pro-
puesta en la seccién anterior.

4.1 Etapa Primera

4.1.1 Fase 1.1

En esta primera fase de la etapa primera los coor-
dinadores se encontraron una interfaz con varios
items a definir para lanzar la consulta y generar
los graficos, siendo este proceso repetido para cada
asignatura. Asi, cada consulta requeria acceder a la
herramienta Estadisticas de Sakai para establecer
la actividad del informe a «Eventos» y seleccionar
las herramientas a analizar, el periodo a evaluar
como mensual, el tipo de usuario a «Instructor» y
la forma de mostrar los datos como graficos.

Se obtuvo una serie de graficos para aquellas
métricas de mayor interés (por ejemplo, creacidn
de recursos, nimero de mensajes privados envia-

dos, nimero de post publicados en foros, etc.). La
Figura 1 muestra uno de los informes parametri-
zados creados con la herramienta Estadisticas de
Sakai, recogiendo la evolucién del numero total de
eventos de cada tipo que se generan por un de-
terminado Instructor en el ambito de una asigna-
tura (sitio en Sakai, anonimizado en la figura para
preservar la privacidad) agrupados por la fecha de
dichos eventos. A efectos ilustrativos, el informe de
la Figura 1 se ha obtenido para 10 dias de un perio-
do de tiempo determinado (ndtese que los dias sin
actividad no aparecen en el informe.). Por ejemplo,
para el 8 de Abril se muestra una gran actividad en
la correccion de tareas por parte del profesor.

4.1.2 Fase 1.2

Tras analizar los informes predefinidos genera-
dos por Sakai, los coordinadores elaboraron una
lista con las limitaciones encontradas durante di-
cho andlisis. Las mas repetidas y relevantes fueron
las recogidas a continuacion:

La percepcion de invertir demasiado tiempo en ir
recopilando los informes asignatura a asignatura,
repitiendo una y otra vez los mismos pasos.

La falta de una vision global del estado de la ti-
tulacion debido fundamentalmente a la forma en
que se generan los informes como se indica en el
punto anterior.

La imposibilidad de incluir los datos de algu-
nas herramientas tales como Videoconferencias o
Chats en los graficos generados.

La ausencia de métricas relacionadas con el
tiempo de respuesta por parte del profesor a men-
sajes, foros, resolucion de tareas, etc.

La escasa flexibilidad a la hora de seleccionar fe-
chas ya que los intervalos estan prefijados.

Tabla IV. Preguntas de las encuestas clasificadas por las dimensiones establecidas

Pregunta

Dimension

La interfaz resulta amena

Experiencia del Usuario

Su manejo es sencillo e intuitivo

Experiencia del Usuario

Las métricas a evaluar son las adecuadas Utilidad
Utilidad
La herramienta facilita la tarea de evaluacion del profesorado Utilidad

Requiere de poco tiempo completar la evaluacion

Tiempo de Uso

1.
2.
3.
4. Los datos facilitados por la herramienta son facilmente entendibles
5.
6.
7.

La herramienta permite revisar con la frecuencia adecuada la actividad del profesorado

Frecuencia de uso
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Figura 1. Informe obtenido mediante la herramienta Estadisticas de Sakai donde se muestra la cantidad
de eventos generados por un profesor en una asignatura a lo largo de 10 dias

Informe

Sitio:
Tipo de actividad:
Periodo de tiempo:

Tipo de seleccion de
usuario:

Rol seleccionado:
Fecha del informe:

Eventos (Seleccionar por evento)
08-abr-2015 0:00 - 17-abr-2015 12:30

Rol

Instructor Responsable
27-abr-2015 12:31

22,5
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Boabril-2015  13-abril-2005  14-abril-2015

1 1 1 1 1 1 1 1 1 1 L A, 1
o i - m rmem milm m Al =
15-abril-2015
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16-abril-2015 17-ahril-2015 o

m Calificarfpublicar/devolver tarea m Revisar tarea @ Crear recurso | Leer mensaje de foro m Muevo anuncio © Nuevo mensaje en un foro = Crear tarea

Como resultado, la Unidad de Ensefianza Onli-
ne genero6 informes extendidos para dar solucién
a los comentarios recibidos. Los informes agru-
pan las asignaturas por curso y por cuatrimestre
mediante tablas estaticas. Ademas de mostrar la
informacién recogida sobre los diferentes eventos
de las herramientas a analizar (recursos, foros,
tareas, chats, videoconferencias y examenes),
también se muestra el nimero de alumnos, pro-
fesores responsables y conexiones realizadas por
dichos profesores. Sobre las métricas de las he-
rramientas cabe destacar que se presentan pri-
mero con un valor agregado de todos los even-
tos relacionados con esa herramienta y en las si-
guientes columnas aparecen los valores para cada
evento individual.

La Figura 2 muestra un ejemplo parcial de un
informe extendido generado en esta fase. En una
Unica vista se ofrece un resumen de la actividad
del profesorado de varias asignaturas (seis en
este caso, anonimizadas para preservar la priva-
cidad de los profesores responsables). Tomando
como ejemplo la primera asignatura que aparece
en la Figura 2 observamos que tiene un total de
26 alumnos y 6 instructores cuyo numero de co-

nexiones totales es de 644. Considerando la he-
rramienta Recursos, vemos que tiene un total de
154 recursos totales, los cuales se descomponen
en 4 archivos multimedia (videos o audios), 57
documentos PDF, 3 archivos comprimidos, 77 do-
cumentos Word y 13 recursos que no se han po-
dido clasificar (como por ejemplo presentaciones
en Power Point).

4.2, Etapa Segunda

En esta etapa se describe el resultado del desa-
rrollo de la herramienta OnlineData. Atendiendo a
los requisitos establecidos durante la fase de ana-
lisis de la herramienta, OnlineData ha sido disefia-
da para ofrecer distintos niveles de granularidad
sobre las métricas recogidas de cualquier herra-
mienta propia de entornos EVA, permitiendo dife-
rentes formas de visualizar la informacién segun
la necesidad de los coordinadores. A continuacién
vamos a explicar las interfaces mas relevantes de
la herramienta, de la mas general a la mas espe-
cifica siguiendo el disefio top-down adoptado. En
la Tabla V se incluye un resumen de las interfaces
escogidas para mostrar el funcionamiento de la
herramienta.
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Figura 2. Ejemplo parcial de informe extendido de la actividad del profesorado en varias asignaturas, ge-

nerado por la Unidad de Enseflanza Online

ASIGNATURA REC. REC. REC. | REC. | REC. |FOROS [EXAMENES| CHAT | VIDEOCONFERENGIAS | ALUMNOS [ INSTRUCTORES | CONEX.
GLOBAL | MULTIMEDIA | REC. | RARZIP | DOG/DOCX | OTROS CANALES TOTALES
PDF

154 4| 57 3 77 13 3 0 1 0 26 6 644

253 11127 1 94 30 4 0 1 1 26 4 0

86 3| 50 0 26 7 1 2 1 2 29 4 0

112 4| 56 1 36 15 2 0 0 0 26 6 0

268 9| 47 0 203 9 8 0 2 0 29 4 0

141 1| 95 0 27 18 2 8 0 0 25 5 0

TOTALES 1014 22 (432 5 463 92 20 10 5 3 161 29 644

Tabla V. Resumen de las interfaces principales de Online Data

Figuras Nivel de | Descripcion Caso de estudio
detalle

Figura 3a Primero Interfaz de estado global de la titulacion Profesorado con Buen Desempefio

Figura 3b Primero Interfaz de estado global de la titulacion Profesorado con Desempefio medio

Figura 4 Segundo | Interfaz de asignatura especifica Detalle de actividad en la herramienta
“Tareas” en una asignatura

Figura 5 Tercero Interfaz de detalle de una herramienta Tiempo medio (en horas) de reaccién del
profesor en “Foros”

La Figura 3 muestra dos capturas de la interfaz
principal de OnlineData donde se resume la infor-
macion sobre dos titulaciones de una de las facul-
tades consideradas en este trabajo. En la Figura 3a
se muestra el estado de una titulacion con un buen
desempefio del profesorado, mientras que la Figura
3b corresponde a una titulacién donde los profeso-
res muestran un desempefio medio.

La vista general de la aplicacion, tal como se
observa en la Figura 3, ofrece un resumen glo-
bal de la actividad del profesorado, agrupado por
asignaturas/materias que forman una titulaciéon y
docentes que las imparten, sefialando su trabajo
en cada una de las actividades soportadas por las
herramientas del EVA. Para facilitar el analisis de
las métricas mostradas, las evidencias sobre las
actividades docentes se presentan en dos grupos
de indicadores: Recursos y Seguimiento.

Por una parte, el grupo de indicadores “Re-
cursos” hace referencia a los diferentes tipos de
materiales didacticos publicados por el profesor.
Para los coordinadores es importante comprobar
que se publica un nimero adecuado de cada tipo
de material segun las directrices de su titulacion.
Como se explicd en la seccion de Metodologia,
mediante un cédigo de colores los coordinadores
pueden comprobar rapidamente si estas direc-
trices se estan cumpliendo en cada asignatura.
Asi, un codigo de color verde indica que se ha
superado el nUmero aconsejado de cada tipo de
material, un cédigo de color naranja significa que
esta dentro del intervalo aconsejado, y un codigo
de color rojo significa que no se esta cumpliendo
el minimo de publicaciones exigidas de un tipo
de material.
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Figura 3. Vista principal de OnlineData para analizar la actividad del profesorado: (a) profesorado con
buen desempefio, (b) profesorado con desempefio medio

UCAM Onlir ata

e —————
U B Comecto [ Acvertencia [ Incidencis
ncicencias: [EE3
Mostr[T0__¥ ] entraces
L
p— e [ P con. Eum. [y iz T o comgens e [ T ot voone.
.
ey — W coreco [ Adverensa [ nicensa
-
Incidencias: [EEZ
Mostrar [0 v ] entradas
O —

150412015

24 0 0
24 o 0
24 o - 1 0
23 o 0
23 o 0

i
.
H
.
1
H
9
i
§

Por otro lado, las evidencias del grupo Segui-
miento monitorizan la actividad del profesorado en
las herramientas de tutorizacion a los estudiantes:
Foros, Tareas, Mensajes Privados, Chats y Video-
conferencias. En esta interfaz principal se muestra
el nimero de items que el profesor no ha respon-
dido y su tiempo medio de respuesta en cada he-
rramienta como parametros principales a evaluar.
Dependiendo del intervalo definido por el coordina-
dor para ambos parametros, se clasifica la activi-
dad del profesorado en cada herramienta segun las

Audiov. Conten. Exam,

No Leides

No Leides

T.mecio Tareas No Corregidas T.Medio No Leidos TMecio chat Veont.

o

T.Medio Tareas NoCorregidas T.Medio No Leidos. Taedio chat Veont.

tres categorias asociadas a los colores explicados
en la seccion de Metodologia: aceptable (verde),
en un valor limite (naranja) y no admisible (rojo).

En este primer nivel de interfaz también es po-
sible acceder a la informacién de una asignatura o
profesor a evaluar haciendo uso del campo «Bus-
car», caracteristica integrada en la herramienta,
mejorando la usabilidad de la vista general al mos-
trar sélo la informacién acotada sobre un criterio
determinado.
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Ademas de la vista global de la titulacion, se
puede acceder rapidamente a una vista detallada
sobre la actividad del profesorado en una asigna-
tura de interés. La Figura 4 muestra los detalles de
actividad de un profesor en la herramienta Tareas
asociada a la asignatura que imparte.

Para ilustrar la interaccion con esta vista anali-
zamos la Figura 4. Tomamos como caso de estudio
la herramienta Tareas y como factor a evaluar el
tiempo transcurrido entre la fecha de entrega de
una tarea y su correccion. Distinguimos dos resu-
menes de los datos: Tareas Resultados y Tareas
Correccion, siendo este Ultimo una especializacion
del primero. En Tareas Resultados se realiza el se-
guimiento Unicamente de la primera entrega rea-
lizada por alumno y el tiempo medio de correccion
empleado por el profesor desde la fecha estable-
cida como entrega. Sin embargo, en Tareas Co-
rreccion se tiene en cuenta que una misma tarea
puede ser corregida mas de una vez, en el caso
de que estén permitidos los reenvios, contabili-
zando cada uno de ellos como una nueva tarea y
aplicando siempre el mismo criterio de correccion
en todos los casos. Observamos que el nimero de
tareas entregadas es recogido en ambos informes
en el campo N° Total de Entregas, obteniendo re-
sultados diferentes, ya que en el segundo caso se
suman también los reenvios.

Para el ejemplo analizado se establece un tiempo
maximo de correccion de tareas de 15 dias, sien-
do aconsejable el intervalo de tiempo entre 7 y 15
dias. Los resultados que estén por encima de dicho
tiempo méaximo se reflejan en color rojo. En cam-
bio, si el tiempo de correccidn es inferior a 7 dias,
existe una mejora de los criterios fijados y por tan-
to este valor se muestra de color verde. Finalmen-

te, si el tiempo de correccién se acerca al limite
entre los parametros establecidos se presentara de
color naranja. Es importante resaltar que aquellos
campos cuyos valores se muestran en color gris
representan informacién adicional que no estaba
recogida en la interfaz principal de OnlineData (ver
Figura 3), como por ejemplo el nUmero de tareas
entregadas por los alumnos o el ratio de entrega
segun el nimero de alumnos.

Existe un tercer y ultimo nivel de detalle sobre
la evoluciéon de uso de una herramienta concreta
por parte del profesor. Un ejemplo de este nivel de
detalle maximo aparece en la Figura 5, donde se
muestra el tiempo medio de reaccidén de un profe-
sor en la herramienta Foros. Este tiempo de reac-
cién se define como el tiempo medio transcurrido
desde que se publica un post en la herramienta
Foros por un alumno y es leido por el profesor. De
este modo se pueden obtener conclusiones rele-
vantes para periodos de interés concreto, como ob-
servar si se produce un acceso mayor a la lectura
de foros en periodo de examenes y un menor acce-
so en periodo vacacional. En la Figura 5 se observa
que el tiempo medio de lectura es de 64 horas,
considerado dentro del intervalo medio de reaccion
en esta herramienta.

Es importante resaltar que la herramienta On-
lineData se ha desarrollado de manera indepen-
diente con respecto a Sakai. Este desarrollo inde-
pendiente ofrece dos ventajas: por un lado, tener
separada la parte de control de la titulacion de la
parte de gestidn de sus asignaturas; y por otro, la
posibilidad de utilizar la herramienta con otros EVA
como Moodle con los cambios pertinentes al médu-
lo de la herramienta que consulta la base de datos
de eventos de la plataforma.

Figura 4. Vista detallada del desempefio del profesor en la correccion de tareas de una asignatura

Tareas - Resultados:

N° Tareas N® Tareas Entregadas Corregidas

Corregidas/Entregadas T.Medio Correccion(Dias)
Corregidas > 15 Dias Mo Corregidas < 7 Dias
Tareas - Correccion:
No Corregidas > 15 Dias T.Medio Correccion(Dias)
N® Corregidas < 7 Dias N° Corregidas 7-15 Dias

No Corregidas < 7 Dias No Corregidas 7-15 Dias

N® Alumnos reciben tarea
T.Medio Correccion{Horas)

Mo Comregidas 7-15 Dias

N® Total Entregas

N? Corregidas > 15 Dias

Entregadas/Alumnes No Corregidas

Corregidas < 7 Dias Corregidas 7-15 Dias

Mo Corregidas > 15 Dias

N® Total Correcciones Correcciones/ Entregas

T.Medio Correccion{Horas) Ne Corregidas
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Figura 5. Vista detallada sobre el tiempo de reaccién de un profesor en la herramienta “Foros”

T.Medio Lectura
15/04/2015

<=48 4996 [ >=97

B T Medo

4.3. Etapa Tercera

En esta etapa se recogen las conclusiones ob-
tenidas de las reuniones realizadas por los grupos
de discusion y se muestran los resultados de las
encuestas realizadas a coordinadores.

La primera reunién del grupo de discusion tuvo
lugar al finalizar la fase 1.1 dentro de la primera
etapa. La valoracidn general sobre los informes ge-
nerados por la herramienta Estadisticas de Sakai
fue que, a pesar de que los datos reflejados eran
de cierta utilidad, la forma de obtenerlos repre-
sentaba una gran dificultad e inversion de tiempo
para los coordinadores. Concretamente, se aprecia
que las herramientas estadisticas propias del EVA,
aunque proporcionan una flexibilidad aceptable en
las consultas, reportan inconvenientes importantes
para los coordinadores: (1) el manejo de la herra-
mienta Estadisticas de Sakai resulta poco intuitivo,
(2) dada la naturaleza de los informes, generados
bajo demanda, se hace dificil llevar a cabo una mo-
nitorizacion proactiva, y (3) el tiempo que el coor-
dinador invierte en la deteccién de incidencias es
demasiado elevado.

Como resultado, el impacto de este tipo de mo-
nitorizacién era minimo y sélo se realizaba en los
casos en los que se detectaba por otros canales
algun tipo de incidencia (monitorizacion reactiva).

15/04/2015 =

Ademas, se obtuvo una lista de mejoras con res-
pecto a las métricas que se deseaban analizar y
que no aparecian en estos informes, como se ha
indicado en la etapa primera de resultados (ver
seccion 4.1).

En la segunda reunion, realizada al final de la
fase 1.2 de la primera etapa, se valord la validez
de los informes extendidos en formato tabular. En
esta valoracion se destaca que, gracias a estos in-
formes, el seguimiento y la periodicidad de con-
sulta por parte de los coordinadores es superior
que en la fase 1.1. Aun asi, no se alcanzaron los
resultados de mejora esperados a causa de la poca
ayuda en analisis visual de la interfaz, como por
ejemplo la falta de alertas visuales para resaltar
las incidencias. Por otro lado se resalté como as-
pecto negativo la pérdida de la interaccion con la
herramienta con respecto a la fase anterior, debido
a que al ser una tabla estatica no es posible de
ocultar ciertos datos cuando no se estan estudian-
do o establecer otras fechas concretas diferentes a
las disponibles.

En la dltima reunidn realizada al final de la etapa
2 se valord la herramienta OnlineData, donde se
obtuvieron los mejores resultados de valoracién.
Se destaca una importante mejora en el tiempo
de uso gracias a las alertas visuales basadas en
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colores e interfaces con diferente nivel de detalle
para obtener rapidamente una situacion global de
la titulacién. El acceso a la herramienta a través de
un navegador web sin necesidad de instalar nin-
gun programa adicional también fue valorado muy
positivamente. Unicamente se detectaron algunos
problemas a la hora de manejar la herramienta las
primeras veces, debido a las configuraciones inicia-
les de los parametros asociados a las métricas de
interés, lo que ha impedido valorar la experiencia
de usuario como alta.

La Tabla VI presenta los resultados obtenidos de
las encuestas teniendo en cuenta las dimensiones
establecidas y los niveles marcados como desea-
dos por la Unidad de Ensefianza Online. Se sefialan
con (*) aquellos objetivos que alcanzan el nivel de-
seado por la Unidad de Ensefianza Online.

Tanto en la fase 1.1 como en la fase 1.2 que
conforman la primera etapa no se alcanzan todos
los objetivos marcados por la Unidad de Ensefian-
za Online. En la fase 1.1 la valoracién a las cuatro
dimensiones indicadas por la Unidad de Ensefian-
za Online fue bastante negativa excepto para la
referente a la utilidad. En la fase 1.2, aunque se
consiguen mejoras en aspectos como la frecuencia
y el tiempo de uso, se requieren grandes esfuer-
zos en cuanto a la experiencia de usuario, es decir,
las destrezas necesarias para utilizar la informa-
cién suministrada. Esta dimensidn se consigue fijar
en niveles medios en la etapa 2, conservando los
niveles de utilidad y frecuencia de uso e incluso
reduciendo el tiempo invertido por el coordinador
hasta la obtencién de las incidencias.

Finalmente indicar que la validacion cruzada de
los datos almacenados en Sakai con los datos mos-
trados por OnlineData se realizd con éxito.

5. DISCUSION

Tras analizar los resultados obtenidos podemos
afirmar que OnlineData reporta varias ventajas en
la tarea de monitorizacion del profesorado: se me-

jora notablemente el proceso de seguimiento de
actividad del profesorado, permitiendo una moni-
torizacion proactiva; los items a evaluar son total-
mente parametrizables de manera flexible, mejo-
rando la usabilidad con respecto a las herramien-
tas de analisis integradas de un EVA; el analisis de
resultados se realiza de manera visual e intuitiva,
con una curva de aprendizaje minima para inter-
pretar los resultados; y por ultimo, es una herra-
mienta independiente de la plataforma de apren-
dizaje virtual de la que se obtienen los datos para
su analisis.

Respecto a las limitaciones de nuestro trabajo, se
ha detectado que a pesar de que OnlineData ofrece
informacion fidedigna sobre las actividades realiza-
das por el profesorado, ante resultados que indican
una incidencia algunos coordinadores recurren al
propio EVA para validar que dicha incidencia exis-
te. Esta reaccion se puede considerar normal (aun
siendo innecesaria) en las primeras fases del uso
de la herramienta, y seria aconsejable entonces
ofrecer un acceso directo que permita comprobar
los datos en el EVA desde OnlineData y viceversa.
Por otro lado, algunos coordinadores han indica-
do que no existe una vista agrupada de todas las
asignaturas que imparte un profesor, lo cual seria
interesante para detectar patrones repetitivos de
incidencias de dicho profesor, con el fin de analizar
errores en su metodologia de trabajo y aplicar las
acciones correctivas pertinentes.

Como futuros trabajos existen diferentes vias de
desarrollo para aumentar las prestaciones de On-
lineData, como por ejemplo generar autoinformes
de seguimiento en diferentes formatos basados en
los datos analizados. El cuadro de mandos que de-
fine los criterios para filtrar los datos de las vistas
se puede mejorar con nuevas funcionalidades, ta-
les como analizar correlaciones entre los eventos
generados por el profesorado (por ejemplo, la rela-
cién entre el nUmero de conexiones del profesor y
el tiempo medio invertido en corregir tareas, para
medir su eficiencia). Otro propuesta que estamos

Tabla VI. Resultados encuestas coordinadores agrupados por las dimensiones a valorar

Dimensiones a Nivel deseado Etapa 1: Fase 1.1 |Etapa 1: Fase 1.2 Etapa 2

valorar por la Unidad de (informes Sakai) | (informes extendidos) | (Online Data)
Ensefianza Online

Utilidad Media Media (*) Media (*) Media-Alta (*)

Experiencia de usuario | Media Baja Baja Media (*)

Frecuencia de uso Alta Baja Alta (*) Alta (*)

Tiempo de uso Bajo Alto Medio Bajo (*)
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evaluando es la integracién de algoritmos inteli-
gentes en la herramienta para detectar de manera
automatica patrones comunes de comportamiento
entre las titulaciones, materias y profesorado y su
posterior andlisis. Finalmente, también se valora
la posibilidad de mandar alertas automaticas me-
diante e-mail a los coordinadores cuando alguna
métrica sea clasificada como no admisible.

6. CONCLUSIONES

Este articulo se centra en como mejorar la inte-
raccion de los coordinadores de titulacion con un
EVA (Entorno Virtual de Aprendizaje) para monito-
rizar el desempefo del profesorado de una manera
intuitiva y eficiente. Se han planteado tres objeti-
vos para tal fin, los cuales han guiado el proceso
metodoldgico del trabajo.

El primer objetivo ha consistido en identificar las
limitaciones de las herramientas de seguimiento in-
tegradas en los EVA actuales. Las principales defi-
ciencias encontradas han sido la falta de una vision
global del estado de la titulacién y el tiempo inver-
tido en obtener los informes sobre las métricas de
interés. Como segundo objetivo se ha propuesto el
desarrollo de una herramienta llamada OnlineData
que, basada en técnicas de analisis visual, ofrezca
diferentes vistas sobre las métricas de herramientas
en EVA relacionadas con la actividad docente. Los
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distintos niveles de detalle y el uso de un sencillo
codigo de colores para indicar incidencias permiten
a los coordinadores una supervision rapida del esta-
do de su titulacién. Como ultimo objetivo se ha va-
lorado empiricamente mediante grupos de discusion
y encuestas la validez y eficiencia del desarrollo del
trabajo planteado en este articulo, cuyos resultados
indican que la herramienta OnlineData satisface las
necesidades de los coordinadores.
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Learning Management Systems (LMS) have become the principal resource for the
distribution of educational material and collaboration among lecturers and
students in Higher Education. The potential of these platforms does not limit to a
simple manager of contents, but they also offer a wide range of tools that support
the development of different methodologies according to the learning modality,
namely on-campus, blended or online. This work analyzes the use of LMS and the
interactions with their different tools from the lecturers’ point of view, in order to
detect possible incidents, check the tools’ utility and evaluate their complexity.
All these metrics represent valuable information to the Degree Coordinators, if
they are presented in a suitable manner, to detect and resolve deficiencies in the
methodology. For the analysis of the teaching activity two methods are employed:
(1) surveys, to measure the subjective perception of lecturers when using LMS
tools; and (2) visual analysis of the real lecturer’s activity through OnlineData, a
graphical analytic tool developed as part of our work to monitor LMS tools
metrics. The results of both methods show differences among the perceived self-

usage and actual usage, especially for the e-learning methodologies.

Keywords: Learning environments; evaluation methods; teacher attitudes; post-

secondary education; distance education.
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1. Introduction

The use of Learning Management Systems (LMS) is nowadays a fundamental asset in
most of the universities world-wide. These platforms provide a powerful and flexible
work tool to support academic processes such as resource management, collaborative
learning and classroom training, among others, both for on-campus and on-line courses.
As a result, LMS can be seen as a mean to improve education quality and academic
performance (Cavus, 2015; Christie & Garrote Jurado, 2011).

While the studies on the use of LMS have been mainly centered on students, the
lecturers’ point of view has been neglected in the majority of these studies. Nevertheless,
it could be possible to leverage the lecturers’ experiences by monitoring and analyzing
their interactions with LMS in order to detect difficulties in their working model,
provide them with recommendations or consolidate best practices, especially for on-line
courses (Bright, 2012; Siemens & Long, 2011; Yeh, 2010). Although most LMS provide
different levels of information about users’ actions, the lack of tools to analyze and
interpret such information shifts the burden of this task to the Degree Coordinators, who
are the responsible for monitoring how the courses are being con- ducted by interpreting
these data in a tedious and repetitive process.

The main contribution of this paper resides in detecting whether there is a
mismatch between lecturers’ self-reported usage behavior in LMS and their actual

behavior. To this end we define three objectives:

(1) To evaluate lecturer’s practices and experiences when using a LMS from a

subjective perspective obtained by means of questionnaires.
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(2) To evaluate lecturer’s practices and experiences from an objective perspective
through a new software program aimed at analyzing quantitatively the actual
usage of the available LMS tools.

(3) To compare the results of both perspectives and show how these results could
efficiently detect deviations between how lecturers think they are managing their

courses and how such courses are actually being conducted.

In order to perform this study, we have taken into account the associations
between complexity/utility the lecturers experience when using LMS tools and the level
of use of such tools, the relationship between the course modality and the level of use of
LMS tools and the influence that the lecturers’ area of knowledge (social sciences,

health sciences, engineering, etc.) has on the use of specific LMS tools.

2. Related Work

A few studies have measured actual lecturers’ behavior. Most of them explore subjective
issues related to intentions, attitudes, beliefs and interests of lecturers (Augustsson &
Jaldemark, 2014; Rienties, Brouwer, & Lygo-Baker, 2013), how/why lecturers are using
LMS or how they design contents for LMS (Seidel, Blomberg, & Renkl, 2013). Recent
researchers have found that teachers are key in providing instruction support (Arbaugh,
2014; Eom, Ashill, & Arbaugh, 2016). A recent large-scale study among 151 learning
designs seems to indicate that the way lecturers use LMS significantly influence
students’ behavior, satisfaction, and retention (Rienties & Toetenel, 2016).

The studies referenced above are basically obtained by means of surveying
lecturers and students about these subjective issues. In our work we mainly focus on

surveying LMS usability and effectiveness features.

3
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2.1. Usability evaluation of Learning Management Systems

One of the main goals of this paper is to design a survey in order to obtain the own
lecturers’ perspective about the usability, complexity and utility of LMS, along with
quantitative measures of use of LMS tools according to their perception. There are some
works in the literature focused on measuring users’ experiences in LMS, although
almost all of them are focused on students.

Espasa and Meneses (2010) perform an exploratory study of online education,
where the feedback results are considered a key element in teachers’ roles with respect
to the regulation of e-learning methodologies. This study serves as example for our
research, since the analysis results of different feedback in specific moments of the
learning process help us to explore possible relationships in the use of LMS that will
allow us to make methodological recommendations. In the same line, the work in
Thuseethan, Achchuthan, and Kuhanesan (2015) proposes some recommendations to
achieve the maximum efficiency of LMS by evaluating LMS usability and users’
experience through questionnaires and time-limited tasks to be performed within the
LMS. In general, these works help us in the detection of the main indicators when
evaluating LMS usability and developing assessment methods.

Apart from the aforementioned works, for the design of our survey we have
taken as reference some formative models aimed at detecting deficiencies and assessing
the behavior of lecturers in LMS. Firstly, we have centered our study on the Van Slyke’s
Distance Education model (Van Slyke, Kittner, & Belanger, 1998) to select those
featured indicators to be used when lecturing in the e-learning modality and on the
Marshall & Shiver’s model (Marshall & Schriver, 1994) for indicators to assess teaching
quality and their results. Moreover, we have considered the Technology Acceptance

4
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Model, TAM (Davis, 1989; Teo, 2010), which measures the degree of acceptance and
influence of new technologies by end-users, to analyze the relationships of dependency
between complexity, utility and level of use of LMS tools.

On this basis, the data collection for this study relies on a set of questions based
on the factors comprising the SEEQ (Students Evaluation of Educational Quality)
questionnaire (Marsh, 1982), but performing an adaptation directed towards lecturers
taking into account the three models indicate above. Thus we obtain information on the
current teaching model related to the used LMS tools. Moreover, following the works in
(Koh, Chai, & Tsai, 2010; Van Deursen, van Dijk, & Peters, 2011), which studied the
influence of teachers’ age, gender and number of students in the use of LMS, we also
analyze here the relationship of such variables with the perceived utility, complexity and
use of LMS tools. The questions that compose our survey have been made in the light of
such factors, in some cases formulated as categorized questions in order to apply the

Likert-type scale (Boone & Boone, 2012).

2.2. Software tools for monitoring Learning Management Systems users

Most LMS contain modules that allow reporting on the use of the different available
tools (number of downloads of a resource, number of participation in forums, etc.).
However, these reports do not reach the necessary level of detail to enable us to design
methods or techniques to offer suggestions for improvement in teaching processes. We
refer to information such as the average time of use of each tool per user, the time spent
by lecturers in correcting assignments, the percentage of participation of a lecturer in a
forum regarding the participation of students, etc. While all this information is actually
logged by the LMS, it is not included in the predefined reports. It is necessary then the

use of software tools able to inquiry the Ll\5/IS log database and present this information
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in a suitable manner.

To the best of our knowledge, little effort has been devoted to this kind of
monitoring and analysis of lecturers’ behavior in LMS. The transformation in online
education has been particularly aimed at technological innovations through e-learning
platforms, leaving relegated their pedagogical and practical consequences and without
evaluating the results of the process. We have not found any software tool for
monitoring the activity of lecturers in LMS tools from a methodological perspective, and
those studies where the evaluation of lecturers on the use of LMS tools is collected do
not show optimistic conclusions regarding the current praxis (Cavus, 2013; Ellis,
Hughes, Weyers, & Riding, 2009).

On the other hand, there are several works regarding the effect of using LMS for
students from a methodological point of view (Chiang, Hsiao-Chien, Chiang, & Hung,
2015; Park, 2014). Some of these works reflect the impact of e-learning at the student
level, where the main variables are distinguished in the acquisition of skills and applied
knowledge and the results obtained are compared (Sanders-Smith, Smith-Bonahue, &
Soutullo, 2016). These works help us as very useful examples to locate the most relevant

indicators to be analyzed by our software tool and to extrapolate them to lecturing.

3. Methodology and methods

Since our work is devoted to analyze lecturers’ practices and experiences at a virtual
learning environment, the evidences we are interested in are those oriented to describe:
(1) the real activity of lecturers across different LMS tools, and (2) the lecturers’

perception about their own actions using such tools.
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Let us first focus on the LMS tools to be analyzed in the study. In particular, we
have used Sakai' as the reference platform for our study, as it is the one adopted in our
University. However, this decision should not interfere in the results, since other well-
known LMS such as Moodle or Canvas practically have the same set of tools available.

We have selected the most relevant tools taking into account all learning
modalities. These are the following eight tools: lesson builder, resources, forums, chat,
videoconference, email, assignments and tests. Note that the lesson builder is a tool that
allows using web-based templates to distribute the contents of each unit and create a
learning methodology. In particular, our University has created a specific lesson builder
tem- plate for the blended and online modalities. At this point it is important to observe
that in this work the use of tools outside the formal LMS is not considered and that the
participants in the study were informed about they would be monitored in their LMS
activity and had to adhere to the selected LMS tools.

Next we describe how the evidences are gathered for our study. On the first hand,
the lecturers’ activities are objectively explored by means of a web application called
OnlineData (Cantabella, Lopez-Ayuso, Munoz, & Caballero, 2016). It has been
developed as part of our previous work due to the necessity of a software tool to analyze
and present in a simple and effective manner a wide range of data about the lecturers’
behavior disseminated across the LMS. In a nutshell, OnlineData enables centralizing
and configuring all the interesting metrics related to LMS tools by directly querying the
LMS underlying database. These metrics are then presented in different visual forms

with different level of detail. In this manner, all the relevant data related to the use of

! https://sakaiproject.org/
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LMS tool can be analyzed in one place and from different points of view. In this work
we use OnlineData to monitor lecturers’ activity in the aforementioned tools for online
and blended modalities. Figure 1 shows a screenshot of OnlineData where some metrics
of use of LMS tools are displayed for several lecturers/subjects (lecturers’ and subjects’
names are blurred for privacy reasons).

On the other hand, the lecturers’ perceptions about their activity in the LMS is
subjectively explored by means of a survey. In our University there is an overall
population of 653 lecturers from 6 faculties involved in 20 programs taught in some of
the three learning modalities (on-campus, online and blended). There are 128 part-time
lecturers who have been excluded from the study, resulting in a final population of 525
lecturers. Given that population, the sample size must be higher than 223 lecturers to

establish a 95% confidence level in the analysis.

Segamanto

Figure 1. A screenshot of OnlineData showing some metrics related to the usage of
LMS tools. Notice the use of colors to easily identify the state of each subject, where
green means a good use of the LMS tool over an established threshold, orange means a

correct use and red means a poor use.
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Our study uses a representative sample consisting of 225 lecturers from 5
faculties involved in 9 programs. On-campus and online programs in this sample
correspond to the ones taught in the faculties of Polytechnic Department, Law and
Business and Social Sciences and Communication, while blended programs correspond
to the Physical Activity and Sport Sciences and Health Sciences faculties. A stratified
sampling has been performed to choose the lecturers, thus taking into account the
number of lecturers in each program with respect to the population of this study. Table 1
shows in detail the number of lecturers and programs considered in each faculty, divided

into the different learning modalities.

Table 1. Faculties, programs and lecturers included in the sample.

Faculty # of programs # of lecturers On-campus Online Blended
Polytechnic Department 2 56 46 10 -
Law and Business 2 50 34 16 -
Social Sciences and Communication 2 71 43 17 11
Physical Activity and Sport Sciences 2 33 - - 33
Health Sciences 1 15 - - 15

Total 9 225 123 (54.7%) 43 (19.1%) 59 (26.2%)

The survey consists of several parts: Personal data (e.g., age range, sex); Data
about courses, such as knowledge area (e.g., social sciences, engineering, etc.), program
(i.e., undergraduate or postgraduate), course modality (i.e., on-campus, on-line, blended)
and number of students; and data about use and effectiveness of LMS tools, such as
frequency of use, inclination to use a specific tool, estimated effectiveness/utility,
complexity and estimated time spent in each tool.

Once the subjective and objective data have been gathered, the evaluation is per-
formed in the following manner. First, the lecturers’ subjective point of view is analyzed

by grouping the results according to learning modalities and following the TAM model.

9



Articulos que componen esta tesis doctoral.

41

In this manner we look for some associations among the subjective perceptions on the
complexity (easy of use according to TAM) and utility of LMS tools and their usage
related to such modalities. Moreover, the influence of other variables such as gender, age
and number of students is studied with respect to the perceived utility, complexity and
use of LMS tools. Secondly, objective data related to the behavior of lecturers in the
survey is compared to their subjective perception. Since OnlineData records data for
online and blended programs, the comparison results are divided into faculties with
online programs and faculties with blended programs. In this manner we could also
detect associations among the subjective and objective LMS tools usage and the

knowledge area.

4. Results

4.1. Lecturers’ subjective evaluation: Results from the survey on LMS tools

Following the TAM model studied in section 2, we have grouped the obtained results in

three interdependent categories:

e Utility, to classify tools according to the relevance perceived by lecturers.
* Complexity or easy of use, to determine which tools are more easy/difficult to
use.

* Usage, to identify which tools are the most/least used by lecturers.

According to section 3, the LMS tools considered in the survey are lesson
builder, videoconference, email, forums, resources, assignments, tests and chat. The

results for each tool and for each category are presented by taking into account the three

10
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learning modalities available in our University, namely on-campus, online and blended

modality.

4.1.1. Descriptive analysis

Taking as example works based on the use of Likert-type surveys and how they present
the results by grouping Likert scale answers (Carr, Walaska, & Marcus, 2011; Stringhini
et al., 2012), the values obtained in our survey on the evaluation of the utility,
complexity and usage of each LMS tool have been divided into quartiles and classified
into three categories: High, Neutral and Low.

Firstly, utility and complexity are evaluated on the survey through Liker-type
scales, where value 1 indicates strong disagreement about the tool utility/complexity and
value 5 represents strong agreement about such utility/complexity. Thus, the results for
utility and complexity questions are classified as High if the addition of values 4 and 5
reaches a 75% (Q3) of the sample size. Likewise, the results for these two variables are
classified as Low if the addition of values 1 and 2 reaches a 75% of the sample size. The
rest of cases are considered as Neutral. Secondly, usage of LMS tools is evaluated
though Yes-No questions. The use of a tool is then considered as High if “Yes” answers
reach Q3, Low if “No” answers reach Q3 and Neutral in any other case.

The main results from the survey on these variables are summarized in Table 2.
Only the cases classifying as High or Low are shown, whereas Neutral cases are left in
blank.

Let us now highlight the most relevant results shown in Table 2. Regarding the
perceived utility of LMS tools, resources and assignments are considered the most useful
tools in any modality. The email and forum tools are seen as useful in online modality

only, while opinion is divided on its utility i1n1blended and on-campus modalities.
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In particular for the e-mail tool in the blended modality, we have found
practically the same percentage of lecturers who disagree or strongly disagree on their
utility (39%) than lecturers who agree or strongly agree (45.7%). Lesson builder and
tests tools are moderately useful (neutral-to-high) in online mode. Disparate opinions on
the utility of both tools are found in blended modality (in the case of lesson builder we
find that 44.1% disagree or strongly disagree whereas 40.7% agree or strongly agree),
while it is observed neutral-to-low values in on-campus mode for these two tools.
Division of opinion on the utility of videoconference is found in online mode. A neutral-
to-low utility for this tool is observed in blended mode, whereas a low utility is clearly
stated in on-campus mode. Finally, a neutral utility is found for the chat tool in online

and blended modes, while on-campus lecturers consider it as not useful.

Table 2. Lectures subjective evaluation of each LMS tool: Ultility, Complexity and
Usage grouped by On- Campus, Blended and Online Training. The categories are: Low
when the 75% of the sample is located for values between 1 y 2 (utility and complexity
variables) or “No” for the use variable; High when the 75% of the sample is located for
values between 4 y 5 (utility and complexity variables) or “Yes” for the use variable;

Blank cells are for Neutral values.

Videoc. Email Forums Resources LessonB. Assignments Tests Chats
Utility
On-Campus Low High High Low
Blended High High
Online High High High High
Complexity
On-Campus Low Low Low Low
Blended Low Low Low Low Low
Online Low Low Low
Use
On-Campus Low Low High Low High Low Low
Blended High High High High Low
Online High High High High Low

12
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The results for the perceived complexity show that, in overall, there is no tool
with a high level of complexity. Resources, emails and chat are seen as very easy tools
to use in any modality. Assignment is also considered easy to use in blended and on-
campus, and neutral-to-easy in online. Blended lecturers consider the forum tool easy to
use, whereas the rest of lecturers qualify it as neutral. Tests and lesson builder tools are
regarded as neutral with respect to their complexity in any modality. Only the
videoconference tool is considered as neutral-to-difficult to use in any modality,
especially in the online mode (over 50% of lecturers consider it as complex or very
complex to use).

The analysis of usage indicates that resources and assignments are the most used
tools in any modality, being the latter especially utilized in online and blended
modalities (95% and 88% of lecturers use it, respectively). The email tool has an
outstanding use in online mode (higher than 90% of lecturers) and a neutral-to-high in
the rest of modalities. The forum tool is widely used in online and blended modalities,
but little employed in on-campus mode. The use of the videoconference tool
predominates only in blended modality, having a neutral-to-low use in online modality
and almost nonexistent in on-campus mode. Lesson builder has a neutral use on blended
and on- line modalities and it is practically unused in on-campus. Test and chat are the
least used tools in overall, especially in on-campus mode. It is noteworthy the low use of

test in blended modality as well as for the chat tool in online.

13
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4.1.2. Inferential analysis

Following the TAM model, Table 3 shows the influence of perceived utility and
complexity on the use of LMS tools grouped by learning modality. The orange-
highlighted cells are those relationships that have some degree of dependence according
to the Chi-square test (p < 0.05). It is shown for each relationship the Cramer’s V
coefficient.

We first observe that utility influences the acceptance of use of all tools both for
on- campus and blended modality, although to a lesser degree in chat and
videoconference tools. However, the utility of these latter tools is deemed as more
relevant in the online modality. In this modality it is noteworthy that utility is not
perceived as relevant with respect to the use of forums and tasks.

Regarding complexity influence, results show that this variable has a lesser effect
than utility on the tool usage. Thus, in the on-campus modality only email and
assignment tools are affected with relatively low V values. In the blended modality only
the lesson builder tool is affected. Finally, videoconference and chat tools are deemed as

influenced by complexity for the online modality.

Table 3. Influence of perceived utility and complexity on the use of LMS tools grouped
by learning modality. The orange-colored cells show the association between use and
utility/complexity with their Cramer’s V value when the Chi-Square test is significant (p

<0.05), blank cells in any other case.

Videoc. Email Forums Resources LessonB. Assignments Tests Chats

On-Campus
Utility
Complexity
Blended
Utility
Complexity
Online
Utility
Complexity
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Next we also analyze the relationship of perceived utility, complexity and use of
LMS tools with the number of students associated to the lecturer. The lecturer’s age and
gender have been also studied initially, however the obtained results have not shown any
relevant influence of these variables on LMS tools.

Table 4 shows a summary of the results obtained by studying these bivariate
associations. We observe that the lecturer’s number of student influences the use of all
tools except for test and chat, and it particularly influences the use of the resource tool. It
moderately influences the utility of the email, forum and assignment tools. Finally, it is
observed that the perceived complexity of the forum tool is moderately influenced due to

the number of students.

Table 4. Influence of lecturer’s number of students in the perceived utility, complexity
and use. The orange- colored cells show the Cramer’s V values of LMS tools which
have a grade of dependence with # of students, where Chi-Square test is significant (p <

0.05), blank cells in any other case.

Videoc. Email Forums Resources LessonB. Assignments Tests Chats

Use
# of students
Utility
# of studeris V09 Cveorls o veors
Complexity

# of students TV=0.19




Articulos que componen esta tesis

doctoral.

47

Mean of number of Audiovisual Resources

Polectric  Lawand  Socil Sciences _Physical  Heaih Sciences
Deportmert  Busness o Actity and
Cominication Spot Scences

Faculties

a)

Mean of number of Test

(1

Potectric  Lawand  SocalScknces Pnyscal  Heatn Scences
Departnert  Busness. and . _Actvty and
Comncation: Sport Scences

Faculties

<)

Mean of number of Assignments

Mean of number of Videoconferences

bkl

Poylechnic  Lawand SocklSciences Physical  Heath Sciences

Departmert B and | _Activty and
Comunication Sport Sciences

Faculties

b)

Faculties

d

g

Mean of number of Forums.
§

g

. Survey
. OnlineData

Poytechric  Lawand SocilScknces Pyscl _Heath
55

Departmert  Busine: Actityend  Sciences

Comunicatinn St Sciences
Faculties

e)

Figure 2. Comparison of metrics of interest for several LMS tools according to

lecturers’ perspective and OnlineData.

It is confronted for each tool the subjective

(Survey data as blue color) and objective (OnlineData as green color) perspective

separated by faculties. Shown its mean values with a confidence interval of 95%.

4.2.  Results from OnlineData: Comparing objective vs. subjective lecturers’

data

In this section we focus on the comparison of evidences collected from two perspectives:

subjective, according to the survey data, and objective, according to the real data

monitored by means of OnlineData. Observe that since OnlineData is used for online

and blended modalities only, here we do not consider the survey results for the on-

campus modality. Therefore, we present the results divided into faculties offering

blended and online modalities instead of learning modalities as in the previous section. It

is also important to note that we have discarded the chat tool for this quantitative

analysis due to its very low level of use according to the real data observed in
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OnlineData, a fact that coincides with the survey results studied in the previous section.

Figure 2 shows the comparative for the considered LMS tools, namely
audiovisual resources, assignments, tests, videoconferences and forums, during the
2014/2015 term. In these graphs it is confronted the metrics of interest for each tool from
the subjective (survey data) and objective (OnlineData) perspective. Both types of data
are shown separately under the following faculties: Polytechnic Department, Law and
Business, Social Sciences and Communication, Physical Activity and Sport Sciences and
Health Sciences. The first three belong to the online modality whereas the last two
belong to the blended modality (we have considered Social Sciences and
Communication only in the online modality). Note that for each metric it is shown its
mean values along with a confidence interval of 95%.

In the first place, Figure 2(a) shows the mean of the number of audiovisual
resource uploaded by lecturer in each course. It can be observed that Law and Business
is the only faculty where the subjective and objective values are practically the same. In
the rest of faculties, we detect that the real number of audiovisual resources uploaded to
the LMS is considerably lower than the number stated by lecturers, especially in the
Polytechnic Department and Physical Activity and Sport Sciences. However, it must be
noted that the variability of the mean related to the subjective perspective is especially
high in the aforementioned faculties and in Health Sciences as well. To end with this
graph, note that the number of audiovisual resources in the faculties with blended
modality are considerably lower than in the faculties with online modality, especially for

the Physical Activity and Sport Sciences one.
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Comparison for the number of assignments is shown in Figure 2(b). Here the
subjective and objective values are a little more similar, with some differences for Law
and Business, Physical Activity and Sport Sciences and Health Sciences. Again, we
detect a higher dispersion in the subjective values for these faculties. In all cases, the
number of assignments according to lecturers is higher than the real number according to
OnlineData. It is remarkable the low number of assignments detected by this tool in
Health Sciences.

Figure 2(c) is related to the number of tests published by each lecturer in each
course. In this case it is clearly observed that lecturers in any faculty have a very
overestimated perception with respect to the real data.

The subjective and objective mean of number of videoconferences are shown in
Figure 2(d). Note that the subjective perception for Law and Business is irrelevant due to
the high variability associated to its mean. The rest of faculties follow the same pattern
found in the previous tools. It is observed that according to the objective data, lecturers
in blended modality organize less videoconferences sessions than lecturers in online
modalities (mean values of 0.85 for Physical Activity and Sport Sciences and 0.54 for
Health Sciences). This fact seems to contradict the subjective usage data analyzed in
section 4.1.1, where it is stated that the percentage of blended lecturers using
videoconferences is almost double than for online lecturers. We will further investigate
the causes of this fact in section 5.

Finally, Figure 2(e) represents the average response time (in days) for lecturers to
answer a student’s post in the forum tool. It is observed that subjective and objective
values are very similar except for Law and Business and Physical Activity and Sport

Sciences faculties. In the former the response time according to the objective data is
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higher (more than double) than the response time according to lecturers’ perspective. On
the contrary, in the latter lecturers have a pessimistic view of the amount of time spent
answering posts with respect to the real data. We also observe that lecturers in Social
Sciences and Communication are the most active answering posts (1.56 days by
average) whereas lecturers in Polytechnic Department are the less active (2.27 days by

average).

5. Discussion

After analyzing the results of our study, here we explain the most relevant findings.
These results have been discussed along with a committee formed by Online
Coordination Department members, Degree Coordinators and lecturers from each
modality who have not participated in the survey.

By considering only the lecturers’ subjective data and according to the TAM
model, we could conclude that: (1) the usefulness of LMS tools in any modality has a
direct association with their use and (2) the perceived complexity is not a relevant factor
of acceptance for use except for videoconference and chat tools in the online modality
and lesson builder in the blended modality.

The analysis of other variables of interest such as lecturer’s age, gender and
number of students demonstrates that only the number of students has some relevance in
the self-observed use and utility of some specific tools, whereas it barely influences the
perceived complexity of the forum tool.

When comparing the subjective and objective results of our study we derive the
following conclusions. Firstly, it may be expected that less complex, more useful tools

are the most used. This fact is particularly true for resources and tasks tools in all
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modalities, forums in blended and online modes and email in online mode only. These
results support the idea that LMS are used by on-campus lecturers mainly as a repository
to manage resources and tasks, while blended and online lecturers also use them to
communicate with students by means of posts and emails (the latter especially for the
online modality).

Secondly, while the use of chat and videconferences in on-campus modality is
expected to be almost nonexistent due to the communication between students and
lecturers takes place in the classroom, this could be not the case for blended and online
modalities. As a synchronous communication tool, the chat represents a rapid channel to
solve students’ questions. However, we observe that although the chat tool has a low
complexity perception, it does not imply a great use nor a high utility. In fact, the use of
videoconference in these modalities as the synchronous communication tool is preferred
to the use of chat according both to our survey and the real data monitored by
OnlineData.

Thirdly, and related to the previous conclusion, we observe that about 83% of
blended lecturers state that they use videconferences against about 44% of online
lecturers. However, analyzing the real data related to the number of videoconference
sessions we detect that blended lecturers organize approximately just one
videoconference session for each subject, while online lecturers have approximately 2-4
sessions for each subject. Investigating in this supposed contradiction, we realized that
blended lecturers only have an initial videoconference to welcome students. Therefore,
they re- ally do use the videoconference tool, but just once. On the other hand, online
lecturers who organize videoconference are more active, although approximately half of

these lecturers use such a tool. It is also noteworthy that lecturers belonging to the Poly-
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technic Department are the most active for this tool. This can be explained due to,
although considered as the most difficult-to-use tool, lecturers in technical degrees are
usually more skilled in handling this type of tool, while lecturers from other faculties use
to have more bad experiences. As a result of these findings, two decisions have been

made by the Online Coordination Department:

(1) While the number of videoconference sessions is seen as acceptable in blended
modality, the case of online mode is considered as inadmissible. To solve this
problem, a directive has been issued to prompt lecturers in online mode to host at
least three videoconferences sessions for each course (initial, mid-term and end-
term).

(2) To solve the moderate complexity alleged to the videoconference tool, the Sakai
built-in videoconference tool has been replaced by Adobe Connect’, a more

intuitive and accessible videoconference tool.

Fourth, the low use of the test tool in the blended mode can be seen as
problematic (and the moderate use of this tool in online mode may be also considered as
worrying). This problem is also reflected in the quantitative results related to the number
of tests published in all the monitored faculties according to OnlineData. As this tool is
mainly addressed for self-evaluation purposes, this result may reflect that lecturers are
not giving enough attention to this aspect of the e-learning methodologies. Therefore, the
Online Coordination Department has decided to recommend lecturers in blended and
online modalities to create at least a self-evaluation test for each course unit. Moreover,

it is especially interesting to observe that lecturers think that they are creating a more

? http://www.adobe.com/products/adobeconnect.html
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than acceptable number of tests when it is totally the contrary, as shown in Figure 2(c).
Some further research should be conducted on the reasons for this broad difference (e.g.,
are lecturers using the poll tool to create tests instead of the correct tool?).

Finally, the comparative analysis performed between the subjective and objective
use of LMS tools demonstrates that lecturers have a general overestimated perception on
how frequently they use such tools. This finding is important for the faculty management
teams since the University’s policy is to ensure the adequate use of the LMS as the
centralized channel to communicate with the students. In order to make lecturers aware
of their real activity, the Online Coordination Department proposes sending them a
monthly report including the actual usage metrics of each tool together with the
recommended values for such tools according to the specific learning modality and/or

faculty.

6. Conclusion and future work

Lecturers’ experiences and behaviors when using Learning Management Systems (LMS)
have been normally neglected in works related to the evaluation of this type of learning
platforms. In this paper we address this problem from two perspectives: a subjective
perception of how lecturers themselves value their interaction with LMS and an
objective view of how they actually use the tools of the platform.

Results show that there are relevant differences with respect to the usability and
utility of LMS tools depending on the learning modality lecturers are teaching on.
However, regarding the complexity level of such tools, there is a uniform criterion for all
modalities. This study also reflects that lecturers tend to overestimate their frequency of

use of LMS tools, again with some differences depending on the lecturers’ knowledge
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area. Our work shows that using a monitoring software as OnlineData and the proposed
methodology introduced here may help Degree Coordinators to detect deficiencies at an
early stage.

As future lines, we are studying the use of data mining and statistical techniques
to extract patterns of lecturers’ behaviors. These behaviors will show a lecturer their
strengths and weaknesses, and therefore he/she will be able to act accordingly. In this
sense we are studying how to extend the sample both in a time span and number of
lecturers from other universities to generate lecturers’ profiles according to such
behaviors. As an example, we have obtained 50GB of data relevant to lecturers’ event
logs from the 2003-2016 period only in our University.

Another interesting line we are working on is an extension of OnlineData to
automatically recommend some actions to Degree Coordinators when some deficiencies
are detected in the subjects of their programs. To this end we will apply OntoSakai,
(Mufoz, Lasheras, Capel, Cantabella, & Caballero, 2015), a semantic extension for LMS
combining context information and expert knowledge represented through an ontology

model.
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Capitulo 3

Resultados

Este capitulo resume los méritos mas relevantes obtenidos durante la elaboracién de
esta tesis doctoral, asi como las conclusiones derivadas de la misma y futuras lineas
de investigacion. También se proporcionan los datos relativos a la calidad de las
publicaciones que la componen.

3.1 Conclusiones

Analizaremos los resultados obtenidos siguiendo el orden de los objetivos definidos en
la seccién 1.2, que corresponden a los articulos que engloban el compendio de esta
tesis doctoral.

Objetivo 1: Utilizar la Web Semdntica para la recomendacion de buenas prdacticas
docentes.

El objetivo 1 se resuelve en el primero de los articulos [52] que podemos encontrar en
la seccién 2.1. En él se establecen modelos de conocimiento semantico de los procesos
incluidos en LMS a través del uso de ontologias. Dicho articulo propone un modelo
de conocimiento ontolégico, OntoSakai, capaz de crear servicios de recomendacion
personalizados para usuarios en el uso de herramientas de los LMS. Se ha realizado
un estudio exhaustivo de las herramientas y eventos més relevantes de Sakai. Esta
informacion se utiliza para capturar la semantica necesaria en OntoSakai y poder crear
servicios de recomendacién y personalizacién.

Nuestra ontologia OntoSakai se nutre de la informacién de contexto que propor-
ciona Sakai y estd compuesta por cuatro ontologias relacionadas, las cuales engloban
las diferentes dreas del proceso de ensenanza-aprendizaje: competencias, perfiles de
usuarios, herramientas de aprendizaje y clasificacién semantica de los elementos en un
LMS. Las ontologias que componen el modelo OntoSakai son las cuatro siguientes:

e SakaiCoreOnt: incluye una descripcion semdantica de las herramientas que inte-
gran Sakai, considerando las principales caracteristicas de cada una de ellas y sus
contenidos.
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e SakaiClassificationOnt: ofrece una clasificacién de todos los elementos que en-
globan Sakai (herramientas, usuarios y contenidos), cuya finalidad es relacionar
semanticamente el material disponible de cada herramienta por curso académico.

e OntoCompetence: como muestra el trabajo [51], modela la evaluacion del estu-
diante durante el proceso de aprendizaje, donde se evalia el nimero de partici-
paciones en foros, tareas de evaluacion, notas, etc.

e SakaiProfileOnt: define perfiles de usuario dependiendo de sus eventos generados
en Sakai.

Para la toma de decisiones, nuestro modelo de conocimiento integra un conjunto de
reglas expertas, nutridas desde el vocabulario seméatico que proporciona OntoSakai y
de este modo, poder traducir a lenguaje maquina las reglas definidas por el experto en
el dominio. Por tdltimo, se definen tres grupos de reglas expertas que dependen del tipo
de informacién que se desea inferir del modelo seméantico: (a) para recomendaciones en
el uso del LMS, (b) asignacién de perfiles y (c¢) una combinacion de las anteriores, que
ofrece una recomendacion personalizada dependiendo del perfil de usuario.

Objetivo 2: Analizar modelos de comportamiento del profesorado en LMS.

El segundo articulo [49] descrito en la seccién 2.2 que corresponde al objetivo 2,
surge ante la necesidad de identificar distintos patrones de comportamiento en los LMS
dependiendo del perfil de usuario. Este articulo estudia los médulos de monitorizaciéon
incluidos en diferentes LMS y los informes de analisis generados por estos, poniendo de
manifiesto que la interacciéon de los docentes queda totalmente relegada, centrandose
unicamente en el perfil del alumnado. Este hecho dificulta una labor primordial, como
es la medicion de la actividad del profesorado en las diferentes herramientas que inte-
gran los LMS. A su vez, también imposibilita realizar un seguimiento y coordinacién de
su trabajo, que ayudarian a detectar posibles incidencias de uso, descubrir limitaciones
de las herramientas que componen los LMS, o incluso el desarrollo de nuevas metodo-
logias docentes que mejoren el proceso de ensenanza-aprendizaje. Entre otros factores
limitantes de los médulos de monitorizacion, destacamos la reducida extensibilidad y
personalizacion en la seleccion de parametros a evaluar y la dificultad de interpretar
dichos informes.

En este articulo se presenta el desarrollo de una herramienta propia, OnlineData,
integrada con Sakai y basada en técnicas de andlisis visual. Dicha herramienta ofrece
diferentes vistas para la mediciéon de métricas de evaluacion en la interaccion del
profesorado con Sakai. OnlineData es capaz de facilitar la labor de coordinacién
docente, y de este modo, detectar posibles incidencias de un modo facil y rdpido en la
actividad del profesorado, a través de informes generados sobre Sakai.
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Objetivo 3: Mejorar el proceso de interaccion y sequimiento de coordinacion
docente en LMS.

El ultimo de los objetivos definidos en esta tesis doctoral se implementa en el
ultimo articulo que forma parte de este compendio [50], seccién 2.3. En este articulo
se realiza una comparacién entre la percepcién del docente en el uso de herramientas
LMS con su desempeno real en las mismas, con la finalidad de identificar posibles
deficiencias y poder evaluar la complejidad, uso y utilidad de las diferentes herra-
mientas que componen el LMS. También contribuye a definir nuevas metodologias
docentes que pueden ser clasificadas en distintas categorias, atendiendo a criterios
de modalidad, titulacién y/o facultad, permitiendo la implementacién de servicios de
personalizacién y recomendacion.

Para la evaluacion de la actividad docente, primero se realiza un analisis estadistico
a través de encuestas realizadas al profesorado, permitiendo de este modo conocer la
percepcion subjetiva de los profesores al usar herramientas LMS; en segundo lugar se
analizan los datos extraidos de Onlinedata, que aportan la parte objetiva del estudio;
por 1timo se contrastan los resultados obtenidos en las fases anteriores.

El estudio comparativo realizado entre el uso subjetivo y objetivo de las he-
rramientas que engloban Sakai demuestra que los profesores tienen una percepcién
general sobreestimada sobre la frecuencia con la que utilizan dichas herramientas.
Los resultados también muestran que existen diferencias relevantes con respecto a la
usabilidad y utilidad de las herramientas LMS segiin la modalidad de aprendizaje. Sin
embargo, con respecto al nivel de complejidad de tales herramientas, existe un criterio
uniforme para todas las modalidades.

Gracias a los resultados obtenidos en esta tesis doctoral, se podran definir nue-
vas metodologias docentes que mejoren el proceso de ensenanza-aprendizaje en las
ensenanzas e-learning. Actualmente estamos trabajando en una prueba de concepto,
donde aplicamos los resultados obtenidos de los tres articulos en una asignatura
impartida en la modalidad a distancia. Con el fin de mejorar la metodologia docente
en e-learning, se realiza un estudio donde se evalia la dificultad y evolucién del
proceso de aprendizaje del alumnado en el Grado de Ingenieria Informatica. Para tal
fin se decide abordar la materia de programacion, una de las areas principales de la
formacion basica en dicho Grado. Nos centramos en las asignaturas Programacion
Paralela (PP) y Desarrollo de Aplicaciones Distribuidas (DAD), puesto que ambas
tienen un mayor nivel de dificultad para los estudiantes, frente a las asignaturas de
programacion que establecen los principios basicos en dicha &area.

Se ha detectado que en la asignatura de PP, al ser una asignatura muy especializada,
los estudiantes tienen dificultades para adquirir habilidades de programacién y superar
sus competencias, especialmente en la modalidad a distancia. Nuestro objetivo sera
identificar los posibles indicadores de esta carencia y ofrecer soluciones mediante el uso
de OntoSakai.

Para tal fin, se realiza un estudio donde se comparan los resultados de ambas
asignaturas. En primer lugar, se mide el rendimiento académico en PP y DAD
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usando datos de Sakai en las diferentes metodologias donde se imparte (a distancia y
presencial), que son evaluados con las herramientas propuestas en esta tesis. En segundo
lugar se evalia el uso y eficiencia real de las herramientas integradas en la plataforma
e-learning, comparando tres factores: (1) la actividad de los estudiantes en el LMS,
(2) las calificaciones obtenidas y (3) el seguimiento de la actividad docente en el LMS
mediante el uso de OnlineData. Por 1ltimo, tras analizar los resultados, se proponen
varias estrategias para facilitar la comunicacion entre profesores y estudiantes mediante
el uso de OntoSakai que nos ayudard a crear servicios de recomendacién personalizados,
tanto para estudiantes como para docentes, solucionando las dificultades detectadas en
la asignatura de PP.
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3.2 Vias Futuras

En esta seccién se proponen nuevas lineas de investigaciéon tomando como base esta
tesis doctoral, con el objetivo de seguir avanzando en el analisis de datos obtenidos a
través de LMS en ensenazas universitarias.

e Una primera propuesta seria la integracién de nuestra ontologia OntoSakai con
el LMS Sakai. Para ello es necesario desarrollar un framework para capturar los
datos de Sakai, anadirlos a la ontologia y mostrar los resultados de los informes
obtenidos mediante los argumentos generados por OntoSakai. Estructuramos el
proceso de integracion en tres fases:

1. En la primera fase se capturaran los eventos generados por los usuarios
en Sakai en un formato especifico, mediante el estandar Experience API
[29], especilizado en estructurar y almacenar los datos obtenidos de las
interacciones de usuarios de plataformas e-learning, con el objetivo de definir
un modelo de datos que agrupe la informacién producida por los usuarios
en los LMS.

2. En segundo lugar, debemos evaluar como trabajar con el modelo de datos
creado en la primera fase. Para ello se estudiardn dos tecnologias: ICUPRES
[35], donde los datos son almacenados y tratados a través de un repositorio y
AspectJ [4], que trabaja con el modelo de datos a tiempo real, sin necesidad
de almacenar previamente la informacion.

3. Por 1ltimo, se desarrollara un modelo final que deberd integrar OntoSakai
con el modelo de datos de la fase anterior, capaz de razonar sobre el
conocimiento obtenido y asi ofrecer recomendaciones personales a través
de reglas expertas.

e Otra posible linea de investigacion seria realizar un estudio paralelo al del
profesorado con el desempeno real de los estudiantes en Sakai. Esta linea tiene
como objetivo contrastar los resultados obtenidos en ambos estudios y descubrir
conexiones que ayuden a detectar otras posibles carencias o necesidades en
el proceso de ensenanza-aprendizaje. Del mismo modo, en trabajos futuros se
podrian contrastar los resultados del estudio con las notas obtenidas por los
estudiantes. Por ejemplo, en el caso de que las calificaciones no fueran las
deseadas, la aplicacion podria generar informes de recomendacion que mostrasen
las descargas de contenidos y foros méas demandados en relacion a las notas
obtenidas; en consecuencia, el docente podria reforzar la asignatura en futuras
convocatorias.

e También es interesante en el proceso de ensenanza-aprendizaje, el uso de mineria
de datos y de técnicas estadisticas para analizar el gran volumen de datos
extraidos de los LMS, incluso utilizando técnicas de andlisis de Big Data. Con
esta linea de investigacién se podria avanzar en la busqueda de patrones de
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comportamiento de los usuarios de manera rapida y efectiva, mostrandoles sus
fortalezas y debilidades y por lo tanto poder actuar en consecuencia. Actualmente
estamos trabajando en este campo [10] [48], donde se analizan las posibles
relaciones entre las herramientas integradas en Sakai con el nimero de eventos
y conexiones que realizan los estudiantes, teniendo en cuenta la modalidad en la
que estén matriculados (presencial, a distancia o semipresencial). El estudio se
divide en tres pasos:

1. Adquisiciéon y almacenamiento de los datos: en primer lugar se extrae la
informacion almacenada en la base de datos de Sakai al data warehouse
HIVE [45]. Para trabajar con estos datos se ha seleccionado una solucién
Big Data basada en Cloudera [16], que utiliza una implementacién Hadoop
Distributed File System (HDFS). La figura 3.1 muestra el esquema de la
arquitectura seleccionada para el paso de adquisicion y almacenamiento de
datos y las tecnologias involucradas.

2. Analisis de los datos: para el andlisis estadistico se usan consultas HiveQL y
se implementa el algoritmo Apriori [1], teniendo en cuenta las caracteristicas
especificas del estudio en el ambito educativo.

3. Visualizacion de los datos: Por ultimo, para la representacién de resultados
se han seleccionado las herramientas Tableau [32] y QlikSense [24].

=~ 4 b

B

SakaiﬁB \\

BVE

Figura 3.1: Arquitectura Big Data para la adquisicién y almacenamiento de datos en
Sakai.

e Por dltimo, seria tutil analizar y clasificar el conocimiento obtenido de las lineas

de investigacién definidas en esta seccién, haciendo crecer nuestra ontologia. Por
ejemplo, ampliar OntoSakai con las valoraciones que los alumnos realizan sobre los
materiales incluidos en Sakai y su opinion sobre la metodologia docente seguida
en las asignaturas. De este modo se podran crear nuevas reglas de conocimiento
que serviran a los docentes para la mejora continua del proceso de ensenanza.
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3.3 Datos relativos a la calidad de las publicaciones

En este apartado se aportan todos los indices principales de calidad de las revistas en
las que han sido publicados los articulos que componen el compendio de la presente
tesis doctoral.

3.3.1 OntoSakai: On the optimization of a Learning Manage-
ment System using semantics and user profiling - Expert
Systems with Applications

En las figuras 3.2-3.3 se muestran los datos relativos a la calidad de la revista Ezpert
Systems with Applications, en la que fue publicado el articulo OntoSakai: On the
optimization of a Learning Management System using semantics and user profiling,
primero de los articulos que conforman este compendio.

Titles

EXPERT SYSTEMS WITH APPLICATIONS S tet s

ISSN: 0957-4174 JCR Abbrev: EXPERT SYST APPL

PERGAMON-ELSEVIER SCIENCE LTD 3

THE BOULEVARD, LANGFORD LANE, KIDLINGTON, OXFORD OX5 1GB, ENGLAND Categories

usa COMPUTER SCIENGE, ARTIFICIAL
INTELLIGENCE - SCIE
ENGINEERING, ELECTRICAL &

Go to Journal Table of Contents ELECTRONIG - SCIE

OPERATIONS RESEARCH &
MANAGEMENT SCIENCE - SCIE

Languages
ENGLISH

24 Issues IYear.

Figura 3.2: Titulo y datos de la revista de publicacién.

COMPUTER SCIENCE, ARTIFICIAL INTELLIGEMCE
JCR Year
Rank Guartile JIF Percentile
2018 18133 o4 86,842
2015 18130 4| 85,789
2014 29123 il 76.829
2013 32 o4 75.820
2012 315 Q2 73473

Figura 3.3: Indicadores clave de los dltimos cinco anos.
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3.3.2 Una herramienta para el seguimiento del profesorado
universitario en Entornos Virtuales de Aprendizaje -
Revista Espanola de Documentacion Cientifica

En las siguientes figuras 3.4-3.5 se aportan los datos relativos a la calidad de la revista
Revista Espanola de Documentacion Cientifca, en la que fue publicado el articulo Una
herramienta para el sequimiento del profesorado universitario en Entornos Virtuales
de Aprendizaje, segundo de los articulos que conforman la presente tesis doctoral.

Titles

Revista Espanola de Documentacion Cientifica ey

1$SN; 0210-0614 JCR Abbrev: REV ESP DOC CIENT
CONSEJO SUPERIOR INVESTIGACIONES CIENTIFICAS-CSIC .

VITRUVIO 8, 28006 MADRID, SPAIN Categories

SPAIN INFORMATION SCIENCE &

LIBRARY SCIENCE - SSCI

Go to Journal Table of Contents Languages
SPANISH

41ssuesivear,

7] Open Access from 1995

Figura 3.4: Titulo y datos de la revista de publicacién.

MFORMATION SCIENCE & LIBRARY SCIENCE
JCR Year
Rank Quartile JIF Percentile
2018 54/85 Q3 37.059
2015 50/86 Q3 N L77
014 42/85 Q2 51.178
013 40/84 a2 52.07d
012 51/85 Q3 40588

Figura 3.5: Indicadores clave de los ultimos cinco anos.
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3.3.3 Analysis and evaluation of lecturers’ activity in Learning
Management Systems: Subjective and objective percep-
tions - Interactive Learning Environments

En las figuras 3.6-3.7 se reflejan los datos relativos a la calidad de la revista Interactive
Learning Environments, en la que fue publicado el articulo Analysis and evaluation of
lecturers’ activity in Learning Management Systems: Subjective and objective percep-
tions, el dltimo de los articulos que conforman este compendio.

Titles
INTERACTIVE LEARNING ENVIRONMENTS =y v
- Interact. Learn. Environ.
ISSN: 1049-4820 JCR Abbrev: INTERAGT LEARN ENVIR
ROUTLEDGE JOURMALS, TAYLOR & FRANCIS LTD )
2-4 PARK SQUARE, MILTON PARK, ABINGDON OX14 4RN, OXON, ENGLAND Catecories
ENGLAND EDUCATION & EDUCATIONAL
RESEARCH - SSCI
Go to Journal Table of Contents Panguages

ENGLISH

6 lssuss/Year,

Figura 3.6: Titulo y datos de la revista de publicacién.

EDUCATION & EDUCATIONAL RESEARCH
JCR Year
Rank Queartile JIF Percentile
2018 511235 a1 78511
2015 74231 Q2 68.182
4 45224 a1 30.134
a3 107218 Qz §1.370
202 39210 a1 82420

Figura 3.7: Indicadores clave de los tiltimos cinco anos.
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