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Summary. As mentioned elsewhere in this book, e-learning offers “a new
context for education where large amounts of information describing the
continuum of the teaching—learning interactions are endlessly generated
and ubiquitously available”. But raw information by itself may be of no
help to any of the e-learning actors. The use of Data Mining methods to
extract knowledge from this information can, therefore, be an adequate
approach to follow in order to use the obtained knowledge to fit the
educational proposal to the students’ needs and requirements. This chapter
provides a case study in which several advanced Data Mining techniques
are employed to extract different types of knowledge from virtual campus
data concerning students system usage behaviour. The diverse palette
of Data Mining problems addressed here include data clustering and
visualization, outlier detection, classification, feature selection, and rule
extraction. They concern diverse e-learning problems, such as the charac-
terization of atypical students’ behaviour and the prediction of students’
performance. Different Data Mining techniques from the areas of Statis-
tical and Machine Learning; Fuzzy Logic, and Inductive Reasoning are
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employed to tackle these problems. Strong emphasis is placed on the
interpretability of the results, obtained through rule extraction, so that they
can be fed back to the e-learning system in a practical an efficient manner.

1 Introduction

Any e-learning system is, by its own nature, likely to generate large
amounts of information describing the continuum of the teaching-learning
interactions almost in real time. All this information, gathered from diverse
and usually heterogeneous sources, may be of no help by itself to any of
the e-learning actors in its raw form. Actually, an excess of such infor-
mation can become a liability for e-learning tutors and managers unless it
is processed according to reasonable goals. Data Mining can provide the
adequate tools for such processing; obtaining actionable patterns from
large data repositories. The use of Data Mining methods to extract know-
ledge from the e-learning system available information can, therefore, be
an adequate approach to follow in order to use the obtained knowledge to
fit the educational proposal to the students’ needs and requirements.

Virtual campus environments, such as the one that is the subject of this
case study, are fastly becoming a mainstream alternative to traditional
distance higher education. The Internet medium they use to convey con-
tent, also allows the gathering of information on students’ online beha-
viour. Here, we focus on e-learning systems improvement through the
analysis of the data generated by the virtual campus students, aiming to
discover their system usage patterns.

The amount of research concerned with the mining of data generated by
the usage of e-learning systems is still somehow scarce on the ground (see
Castro et al., this book). In this study, we address two main problems
concerning virtual campus students’ behaviour: the characterization of
atypical behaviour and the prediction of students’ performance. Several
Data Mining problems are concerned, namely: students’ data clustering
and visualization, behavioural outlier detection, students’ classification
according to course marks, data feature selection, and rule extraction. The
latter becomes of paramount importance as we aim to place a strong
emphasis on the interpretability of the obtained results; no matter how
accurate these might be: unless they are translated into practical and
efficient rules that system managers and tutors can act upon, it will be
extremely difficult to feed them back to the e-learning system.

The rest of the chapter is structured as follows: First, in Sect.2, we
provide a detailed description of the data under analysis; they correspond to



