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Abstract*
Typical learning management systems consider
only little or, in most cases, no adaptivity. In this
paper, we introduce an adaptive mechanism which
enables such systems to provide students with courses
that fit their individual learning styles. The adaptive
mechanism is based on an advanced student modelling
approach which identifies learning styles by
automatic, dynamic, and global student modelling.
Based on the identified learning styles, the adaptive
mechanism composes courses that match the students’
learning styles, aiming at making learning easier for
students. Furthermore, the adaptive mechanism aims
at being easy to use for teachers by being generic and
adaptable for teachers, allowing them to adjust the
mechanism to their course structure and preferences.

1. Introduction
Nowadays, more and more educational institutions,
such as universities, offer e-learning courses. Such elearning courses need an environment, where they are
managed and organised. In the majority of cases this
task is fulfilled by a learning management system
(LMS). LMSs aim at supporting teachers in creating,
administering, and managing online courses by
providing them with a variety of features. However,
LMSs typically do not consider individual differences
of learners and treat all learners equally regardless of
their needs and characteristics.
But the individual learners play a central role in
traditional as well as technology enhanced learning.
Each learner has individual needs and characteristics
such as different prior knowledge, cognitive abilities,
learning styles, motivation, and so on. These individual
differences affect the learning process and are the
reason why some learners find it easy to learn in a
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particular course, whereas others find the same course
difficult [1].
In this paper, we focus on incorporating learning
styles in LMSs. Research about considering learning
styles in technology enhanced learning is motivated by
educational and psychological theories, which argue
that learners have different ways in which they prefer
to learn. Furthermore, Felder, for example, pointed out
that learners with a strong preference for a specific
learning style may have difficulties in learning if the
teaching style does not match with their learning style
[2, 3]. From theoretical point of view, conclusion can
be drawn that incorporating students’ learning styles in
the learning environment makes learning easier for
them and increases their learning efficiency. On the
other hand, learners whose learning styles are not
supported by the learning environment may experience
problems in the learning process.
This paper introduces a mechanism for enabling
LMSs to provide advanced adaptivity for learners
through incorporating their learning styles according to
the Felder-Silverman learning style model (FSLSM)
[2]. At the same time, the mechanism keeps the use of
the system easy for teachers and allows them to adapt
the mechanism to their preferences rather than forcing
them to modify their courses to the requirements of the
adaptive mechanism.
FSLSM is one of the most often used learning style
models in technology enhanced learning. It combines
major learning style models such as the model by Kolb
[4], Pask [5], and the Myers-Briggs Type Indicator [6].
FSLSM uses the concept of dimensions and therefore
describes learning styles in much detail. Each learner
has a preference on each of the four dimensions:
active/reflective, sensing/intuitive, visual/verbal, and
sequential/global. Learning styles, as described by
FSLSM, are considered as “flexibly stable” [7], which
means that they are more or less stable but can change
over time, for example, if a learner trains his/her weak
learning preferences. Furthermore, FSLSM is based on
the concept of tendencies which means that even a

learner with, e.g., a strong active learning style can act
sometimes in a reflective way.
The adaptive mechanism is developed in a general
way but implemented as part of a larger project [8],
which aims at exploring and developing different
applications and content delivery systems for building
a personalised mobile learning environment. Other
applications and systems include a location awareness
grouping
service,
context-awareness
service,
multimedia input service, question & answer service,
problem-based learning service, and social network
service. These applications and services are combined
with the LMS Moodle [9], for which the adaptive
mechanism is implemented.
The adaptive mechanism is based on an advanced
student modelling approach in order to identify the
students’ learning styles. The different applications
and systems from the learning environment provide
rich information about students’ behaviour and actions
which is then used as input for the student modelling
approach, explained in more detail in the next section.
Subsequently, the generic framework of the adaptive
mechanism is explained. In Section 4, the provision of
adaptive courses is discussed in more detail and
Section 5 concludes the paper.

2. Identifying learning styles
In order to provide adaptivity, the characteristics of
learners have to be known first. This paper proposes an
advanced student modelling approach which identifies
learning styles according to the FSLSM. Investigations
are based on previous research work [10], where an
automatic and static student modelling approach has
been designed, implemented, and evaluated. The
evaluation showed that the approach is suitable for
identifying learning styles and therefore can be seen as
the basis for the development of an advanced student
modelling approach which combines automatic, static,
dynamic, and global student modelling.
Automatic student modelling means that the process
of building and updating the student model is done
automatically based on the behaviour and actions of
the learners when they are using the system for
learning. Therefore, students need to focus only on
learning rather than additionally providing explicit
feedback about their preferences. While the students
are learning, the system tracks their behaviour and
actions and uses this information for inferring learning
styles by applying a rule-based method. The automatic
part of the student modelling approach is based on
previous work [10] but is extended by additionally
incorporating patterns from the different services and

applications in the learning environment. Therefore,
more information about students’ behaviour and
actions can be gathered and included in the student
modelling approach, which leads to higher accuracy
due to more available data.
The dynamic part of the student modelling approach
is responsible for using the information about students’
behaviour and actions for updating the student model
frequently while students are using the system for
learning. Therefore, the student modelling approach is
able to improve and revise the information about
students’ learning styles once contradictory data from
students’ behaviour and actions are found, leading to a
higher accuracy of the identified learning styles and
subsequently, more accurate adaptivity.
The global aspect of student modelling focuses on
considering all components and services integrated in
the learning environment for gathering data about the
students’ behaviour and actions. Therefore, more data
about students’ behaviour and actions are available,
allowing more accurate identification of learning
styles.
In addition, we offer students the possibility to fill
out the Index of Learning Styles questionnaire [3], a
well-known instrument for identifying learning styles
according to the FSLSM. If a student filled out this
questionnaire, the student model can be initialised by
the data from the questionnaire, while data about the
student’s behaviour and actions can then be used for
revising and improving the information from the
questionnaire, allowing the approach to learn the
student’s learning styles and identify changes in
his/her learning style preferences.
Figure 1 depicts the architecture of the student
modelling approach. The student modelling approach
uses input data from the applications and services of
the learning environment as well as from the learning
style questionnaire, if data are available. Based on the
input data, it calculates and updates the students’
learning styles and stores the results in the student
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Figure 1. Architecture for student modelling

model. The calculated learning styles can be accessed
by all applications and services in order to provide
learners with adaptivity.

3. A generic framework of the adaptive
mechanism
Once learning styles are known, learning systems
can be extended in a way that they are able to
automatically generate and present courses that fit the
students’ learning styles. For providing adaptive
courses, most adaptive systems ask for a specific
course structure and specific types of learning objects
in order to apply their adaptation rules and generate
adaptive courses. In this paper, we present an adaptive
mechanism which is generic and therefore allows
teachers to suit the adaptive mechanism to their
available course in terms of course structure and used
types of learning objects. Instead of requiring a
predefined course structure, the generic adaptive
mechanism is adaptable by teachers and allows them to
incorporate any types of learning objects, ranging from
simple types such as outlines, examples, and exercises
to any component and service which can be used for
providing learners with learning experiences.
In order to facilitate teachers to specify the
incorporated types of learning objects, teachers are
supported by a configuration tool that enables them to
describe, on the one hand, the types of learning objects
which should be considered in the adaptive mechanism
as well as how the adaptive mechanism should use the
types of learning objects in order to provide different
courses for students with different learning styles.
When creating a new type of learning object in the
adaptive mechanism, the tool allows teachers to
specify the following data: First, information about
which learning styles can be supported by the new type
has to be provided (e.g., a digital reading room
supports a reflective learning style). Second, teachers
have to be able to state how this type of learning object
is represented in the learning system (e.g., a digital
reading room is represented in the learning system by
the component digital reading room and an example is
represented in the learning system by the component
resource). Third, suitable adaptation features need to
be specified for the new type in the adaptive
mechanism. Adaptation features indicate how a course
can change for students with different learning styles.
The tool provides a set of predefined strategies in order
to facilitate teachers in specifying adaptation features.
For example, predefined strategies include provide X
before Y and provide a high number of X, where X and
Y are types of learning objects in the adaptive

mechanism. Additionally, the tool asks teachers to
specify for which learning style the new adaptation
feature has to be applied.
Once a new type of learning object is specified in
the configuration tool of the adaptive mechanism, the
authoring tool, which is used for the creation of
learning objects, is automatically extended in order to
provide teachers with the possibility to specify that a
created learning object is of this new type.
Furthermore, the expert model, where the learning
objects are stored, is extended respectively in order to
store the new type of learning object. Based on these
extensions, the adaptive mechanism can distinguish
between and know the types of all available learning
objects, as they are specified in the configuration tool.
Additionally, the authoring tool and expert model is
extended in a way that they allow specifying a type of
learning object which can be excluded from adaptivity
and displayed at the same place for all students.

4. Provision of adaptive courses
The proposed adaptive mechanism uses the
gathered information from the student modelling
approach to provide adaptive courses. Figure 2
presents the architecture of the adaptive mechanism
integrated in an LMS. The adaptation module is the
core element of the adaptive mechanism. It is
connected to the student module, expert module,
interface module, and configuration tool and uses
information from these modules/tools to compose
courses that fit the students’ individual learning styles.
Similar to intelligent tutoring systems, the expert
module stores the available learning objects and
information about their types, the student module
provides information about the students’ learning
styles, and the interface module is responsible for
interacting
with
students.
Furthermore,
the
configuration tool provides information about the
incorporated types of learning objects and the
adaptation features which indicate how different types
of learning objects should be used for learners with
different learning styles.
In previous research work [11], a concept for
composing adaptive courses based on predefined types
of learning objects and predefined adaptation features
was introduced. However, the proposed adaptive
mechanism in this paper is more advanced, using a
generic framework for providing adaptivity rather than
restricting teachers to a specific course structure and
integrating an automatic, dynamic, and global student
modelling approach rather than using simply a learning
style questionnaire for identifying learning styles.

for teachers, letting them continue using their already
available courses in LMSs by allowing adjustments in
the mechanism to the characteristics of the respective
courses in order to provide them as adaptive ones.
Future work will deal with completing the
implementation of the adaptive mechanism and
evaluating it. The effectiveness and the usability of the
adaptive mechanism will be evaluated within the larger
project and data from different applications and
services will be used for evaluating the student
modelling approach.
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5. Conclusions and Future Work
In this paper, we presented an adaptive mechanism
which enables LMSs to provide advanced adaptivity
with respect to learning styles. The adaptive
mechanism is based on an automatic, dynamic, and
global student modelling approach, gathering data
about students’ behaviour and actions from different
components and services and calculating and
frequently updating the students’ learning styles based
on this information. A main objective of the adaptive
mechanism is to be generic and adaptable to the
teachers’ needs. Therefore, teachers are supported in
the task of specifying which learning objects should be
included in their courses. Based on this information,
the adaptive mechanism provides learners with
adaptive courses and interacts with students once it
recognises changes in their learning styles.
The proposed adaptive mechanism aims at making
learning easier for students by providing them with
courses that fit their individual learning styles.
Furthermore, the mechanism aims at being easy to use
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