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Abstract This paper summarizes the main contributions of the PhD Dissertation with the same title, which
focused on adding personalization support in existing learning management systems by considering some artificial
intelligence techniques (i.e. user modelling, web usage mining, machine learning, recommendation strategies and
human computer interaction). In particular, adaptive navigation support in terms of recommendations was
deployed in two learning systems through a web based recommendation service provided by a semantic
educational recommender system (SERS) and making an extensive use of standards. Moreover, a user-centred
design methodology (i.e. TORMES) was defined to design and formatively evaluate educational oriented
recommendations.
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1 Introduction

Learning managements systems (LMS) are widely used in educational institutions to support formal e-learning
scenarios [1]. They have been developed, both as proprietary products and as open source initiatives, to provide
educational institutions with web based facilities for the teaching/learning processes [2]. However, three main
problems can be identified: 1) there is information overload inside LMS [3], 2) LMS does not provide adaptive
capabilities to offer personalised and inclusive support to learners through the e-learning life cycle, in spite of the
acknowledged need (by diverse national and international reports) of offering a personalised and inclusive support
to learners [4, 5, 6], and 3) generic and interoperable solutions based on personalisation and accessibility are still
in the research arena [7].

In this context, this Doctoral Thesis offers a solution focused on the individual and changing needs of learners
in terms of adaptive navigation support by integrating a recommender system (RS) into LMS in production
environments that are based on standards. This proposal is motivated by the success that RS have in other domains
where there is also the need to guide users in environments with information overload and inexperience in the
alternatives to choose [8].

Taking into account the state of the art in educational RS, there have already been proposals to deploy RS in
educational environments. Nevertheless, most of these proposals replicate the approach used in the other domains
(e.g. entertainment, e-commerce) and mainly focus on recommending learning objects that have been contributed
to complement the instructional design of the course [9]. They do not take into account the particularities of the
educational domain in order to design the recommendations, and above all, they do not take advantage of the
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recommendation opportunities offered in the LMS regarding the richness of items to recommend and the diversity
of actions to carry on them. In fact, an LMS is not just a learning object repository, but different educational
services are provided to support both individual and collaborative learning (e.g. forums, blogs, chats, simulations,
etc.). Moreover, learners are supposed to take an active role in their learning, and thus, should also be guided in
their contributions to those services. Actually, LMS usually neglect educational issues that can only be managed
within the learning scenario, that is, in the instructional design phase of the e-learning life cycle.

Furthermore, building RS for complex functionality challenges the existing evaluation procedures [10] and no
systematic evaluation studies of educational RS have been reported in the context of real-life applications [9]. One
of the proposals to overcome the inherent complexity of evaluating personalised systems are the layered
evaluation approaches, whose idea behind is to decompose the adaptation process and evaluate the system in a
“piece-wise” manner [11]. Another open issue is the design of educational oriented recommendations in order to
provide the required adaptive support to the learners. For this, the involvement of the educator in the
recommendations elicitation process seems valuable [12, 13]. To cope with those open issues, a methodology
following user centred design has been proposed, which considers several artificial intelligence techniques.

Thus, the main advantage of the work of this Doctoral Thesis with respect to the current state of the art lies on
providing an alternative to deal with the recommendation needs in formal e-learning scenarios and identifying
meaningful and useful educational oriented recommendations which can offer a personalised and inclusive
support to learners in their individual and changing needs while interacting with a course delivered via an LMS.

2 Contributions

This Doctoral Thesis has produced three main contributions: 1) a new concept of RS in the educational domain, 2)
a methodology to design educational oriented recommendations, and 3) two prototypes that provide adaptive
navigation support in terms of recommendations for two scenarios with different approaches and requirements.

The first contribution is the concept of SERS [14]. SERS stand for Semantic Educational Recommender
Systems and are characterised by guiding learners -based on some educational criteria- in their interactions with
the LMS through personalised and inclusive recommendations that are semantically characterised. The
recommendations to be delivered to each learner in her current context are obtained due to the information
interchange among the different components involved in the process of generating and delivering
recommendations (LMS with tracking capabilities, user model, device model and SERS). Moreover, their
performance can be visually analyzed through a set of predefined shapes identified from practice.

SERS depend on the following elements: i) a recommendations model; ii) an open standard-based service
oriented architecture, and iii) a graphical user interface. The objective of the recommendations model is to
semantically characterise the recommendations and bridge the gap between the description of the
recommendations done by the educator (including the definition of applicability conditions in terms of available
educational specifications) and the logic for delivering recommendations in the course. In this way, learners
receive the appropriate recommendations suited to their individual features and current context as well as an
explanation about the educational rationale for the recommendation offered. Moreover, this semantic model
allows the reasoning about the appropriate recommendations for different situations and facilitates the automation
of the recommendations generation process with user modelling based on machine learning. The goal of the open
standard-based service oriented architecture is to guide the integration of the SERS with existing LMS in an
interoperable way by making use of standards to describe the information exchange. In this way, the SERS can
offer a recommendation service to the LMS. The aim of the graphical user interface integrated in the LMS
presentation layer is to show the recommendations delivered to the learners in a usable and accessible way. This
graphical user interface is to be used as a reference to integrate the SERS into the corresponding LMS
presentation layer and allows describing the recommendation and its features as informed by the
recommendations model.

The second contribution is a methodology to design recommendations for the SERS called TORMES which
stands for ‘Tutor Oriented Recommendations Modelling for Educational Systems’ [15]. Following human
computer interaction approaches, this methodology applies user-centred design methods to involve the educator in
the elicitation of recommendations that consider educational issues to cover the appropriate instruccional design.
In this way, a personalised and inclusive adaptive navigation support can be offered to learners in formal e-
learning scenarios. In particular, TORMES is an iterative methodology characterised in terms of the following
features: 1) influenced by the life cycle of e-learning; 2) based on the user-centred design process defined by 1SO
9241-210; 3) combined with web usage mining analysis; 4) applicable for adaptive systems that rely on user
modelling based on machine learning; 5) supported by the layered evaluation approach; 6) informed by indicators
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and visual representations of the recommendation behaviour; and 7) validated with significance testing over large
scale on-line experiments.

The third contribution is the development of two prototypes of SERS integrated in two LMS -dotLRN and
Willow- which respectively show the flexibility and generality of the TORMES methodology when it comes to
eliciting recommendations in two scenarios with different approaches and requirements. The first scenario is in
the context of the course ‘Discovering the platform’ in dotLRN LMS [16]. In this scenario, 32 recommendations
have been identified to support lifelong learning in an accessible way. These recommendations go further than
simply recommending learning objects and address issues of interest for personalised and inclusive learning. The
second scenario is in the context of the course ‘Search Strategies in Internet with Educational Goals’ in Willow
[17]. In this scenario, 12 recommendations have been identified to offer a full e-learning course through a system
initially designed for blended learning. The recommendations defined in this second scenario have been
formatively evaluated in a large scale experience with nearly 400 students.

3 Conclusions

The approach in this Doctoral Thesis consists in taking advantage of artificial intelligence techniques to extend the
adaptive capabilities of existing LMS with adaptive navigation support in order to offer a personalised and
inclusive guidance to learners through the e-learning life cycle in formal e-learning scenarios. The key features of
the approach are the following: 1) guides learners through the information overload and inexperience of
alternatives in the LMS through recommendations; 2) reuses existing infrastructure at educational institutions
since it offers a new component (i.e. the SERS) to be integrated with existing LMS in an interoperable way; 3)
manages the rich contextual information available in formal e-learning scenarios (i.e. diversity of actions on LMS
objects); 4) considers human computer interaction to involve the educator in the process of designing relevant
recommendations (with the support of web usage mining) and formatively evaluating their appropriateness for
formal e-learning scenarios to take into account instructional design issues (i.e. the TORMES methodology); and
5) relies on user modelling based on machine learning to automate the recommendations generation process.

To proof the generality and flexibility of the approach, two existing LMS have been extended with adaptive
navigation support to offer a personalised and inclusive guidance to learners through the integration of a SERS
whose recommendations have been designed following the TORMES methodology. This methodology involves
the educator in the recommendations elicitation process through user centred design methods and is influenced by
the e-learning life cycle. In this context, the definition of the adaptation features draw on web usage mining. In
particular, the following analyses can be carried out: 1) identify troublesome or promising situations, which helps
the educator to think of appropriate recommendation needs; 2) tune the design of the recommendations proposed
by educators while applying the user centred design methods; and 3) adjust the recommendations design after the
course experience.

The proposed approach relies on the availability of the third generation of LMS that are based on a service
oriented approach [18] and on the development of specifications and standards that describe the LMS services [2].
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