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Abstract
Providing adaptive features and personalized support by considering students’ learning styles
in computer-assisted learning systems has high potential in making learning easier for students
in terms of reducing their efforts or increasing their performance. In this study, the navigational
behaviour of students in an online course within a learning management system was investi-
gated, looking at how students with different learning styles prefer to use and learn in such a
course. As a result, several differences in the students’ navigation patterns were identified.
These findings have several implications for improving adaptivity. First, they showed that stu-
dents with different learning styles use different strategies to learn and navigate through the
course, which can be seen as another argument for providing adaptivity. Second, the findings
provided information for extending the adaptive functionality in typical learning management
systems. Third, the information about differences in navigational behaviour can contribute
towards automatic detection of learning styles, helping in making student modeling approaches
more accurate.
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Introduction

Learning management systems (LMSs), also known by
terms such as course management systems or e-learning
platforms, are commonly used in computer-assisted
learning, especially for open and distance learning pro-
vided by companies, universities and other educational
institutions.According to Alias and Zainuddin (2005), a
learning management system can be defined as ‘a soft-
ware application or Web-based technology used to plan,
implement, and assess a specific learning process’.
Examples of LMSs include systems such as Blackboard

(2008), Moodle (2008), and Sakai (2008). LMSs
provide teachers with many features to create, manage
and administrate online courses, allowing them to
include different kinds of learning objects/activities
such as learning material, forums, quizzes, examples,
and so on, and facilitating administrative issues such
as enrolment, grading and monitoring the learners’
progress and performance. While these systems aim at
supporting teachers and administrators, they typically
do not focus on considering the individual differences
and personal needs of learners, providing only little, or
in most cases, no intelligent support or adaptive features
for learners.

However, the individual differences of learners play a
central role in traditional as well as computer-assisted
learning. Each learner has individual needs and charac-
teristics such as different prior knowledge, cognitive
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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
particular course, whereas others find the same course
difficult (Jonassen & Grabowski 1993).

In this paper, we focus on the consideration of learn-
ing styles. The field of learning styles is complex, and
although lot of research has been conducted, some
important questions are still open. Coffield et al. (2004)
pointed out several controversial issues, including the
existence of many different views, definitions, and
models of learning styles, the reliability and validity of
instruments for identifying learning styles, the feasibil-
ity and effectiveness of incorporating learning styles in
education, and the way learning styles should be used in
education. While Coffield et al. (2004) concluded that
learning styles are often misused and are limited in what
they can achieve, many other researchers argue that the
consideration of learning styles is an important factor in
education (e.g. Felder & Silverman 1988; Cristea &
Stash 2006; Lu et al. 2007). Especially in the last years,
several research works have been conducted that
support this argument. Examples are the development
of adaptive systems such as the two-source adaptive
learning system (TSAL) (Tseng et al. 2008), the web-
based educational system with learning style adaptation
(WELSA) (Popescu 2008) and an add-on to LMSs
(Graf & Kinshuk 2007). The evaluation of these
systems showed that considering learning styles can
decrease learners’ effort in terms of time required for
learning and increase overall learner satisfaction. Fur-
thermore, research towards improving the identification
of learning styles has been conducted, aiming at making
student modeling more accurate by developing auto-
matic approaches (e.g. Cha et al. 2006; García et al.
2007; Graf et al. 2008).

This paper aims at contributing to the field of adaptiv-
ity based on learning styles in computer-assisted learn-
ing by analysing how learners use and navigate through
a typical online course. The course was taught in
Moodle (2008), which is a well-known LMS with more
than 45 000 registered sites worldwide (Moodle Sites
2008).

Navigational behaviour refers to how learners navi-
gate through the course and in which order they visit dif-
ferent kinds of learning objects and activities. The order
in which learners prefer to take in and learn from spe-
cific kinds of learning material and activities, as well as

in which order and priority these different kinds of
learning material and activities should be presented for
supporting learners with different learning styles is a
key aspect of most learning style theories. Furthermore,
adaptive navigation support, in terms of recommending
learners a suitable way through the learning material
and activities, is one of the two main ways for adding
adaptive functionality to learning systems (Brusilovsky
2001).

The aim of this study is to investigate how learners
with different learning styles use the course differently
with respect to navigational behaviour. Findings about
such differences have three contributions to the research
area of computer-assisted learning, especially to adap-
tive computer-assisted learning. First, they show that
learners with different learning styles prefer to go
through an online course in different ways and there-
fore, give another supporting argument for providing
adaptivity based on learning styles in learning systems.
Second, the information about how learners with par-
ticular learning styles prefer to navigate through the
course, derived from a data-driven approach, can be
used as additional source for providing adaptivity or
extending adaptive features in terms of tailoring courses
to the learners’ preferences or providing suggestions
about which kinds of learning objects or activities
should be conducted next if learners need some guid-
ance. Third, the differences can be used as valuable
information for detecting learning styles automatically.
While recent research works (such as Cha et al. 2006;
García et al. 2007; Graf et al. 2008) have focused on
developing an approach for automatic detection of
learning styles from students’ behaviour during an
online course, these approaches do not consider the
navigational behaviour so far, which can be used as an
additional source in order to make the automatic detec-
tion process of learning styles more accurate.

In the next section, the study design is described.
Section 3 presents the results of the study, describing the
differences in navigational behaviour of students with
different learning styles. Section 4 discusses the results
and concludes the paper.

Study design

This section introduces the study design. The first
section deals with the selected learning style model.
Subsequently, details about the investigated course and
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data are shown. The aims of this study are concretized in
the subsequent section by introducing the investigated
assumptions with respect to navigational behaviour.
The last section introduces the method of analysis.

Felder–Silverman Learning Style Model

As mentioned earlier, many learning style models exist
in literature such as the learning style model by Kolb
(1984), Honey and Mumford (1982), and Felder and
Silverman (1988). Each proposes different descriptions
and classifications of learning styles. This work focuses
on the Felder–Silverman Learning Style Model
(FSLSM) for several reasons. FSLSM combines
several major learning style models such as the learning
style model by Kolb (1984), Pask (1976) as well as the
Myers-Briggs Type Indicator (Briggs Myers 1962).
Although the dimensions themselves are not new, the
way in which they are combined and describe the learn-
ing styles of students is new. Most other learning style
models classify learners into few types, whereas Felder
and Silverman describe the learning style of a learner in
more detail, distinguishing between preferences on
four dimensions using values between +11 and –11 for
indicating the learners’ preferences on each dimension.
By using scales rather than types, the strengths of learn-
ing style preferences can be described, enabling the
model to distinguish between strong and weak prefer-
ences for a particular learning style. Furthermore,
FSLSM is based on the concept of tendencies, indicat-
ing that learners with a high preference for certain
behaviour can also act sometimes differently. By incor-
porating the concept of tendencies, the description of
learning styles considers also exceptions and extraordi-
nary situations.

FSLSM has often been used in research related to
learning styles in advanced learning technologies.
According to Carver et al. (1999), ‘the Felder Model is
most appropriate for hypermedia courseware’ (p. 34).
Kuljis and Liu (2005) confirmed this by conducting a
comparison of learning style models with respect to
their application in e-learning and Web-based learning
systems. As a result, they also suggest FSLSM as one of
the most appropriate model, arguing that it fits well for
fulfilling the adaptability that tailors to learning differ-
ences and individual needs.

FSLSM characterizes each learner according to four
dimensions: active/reflective, sensing/intuitive, visual/

verbal and sequential/global. Active learners learn by
trying things out and working together with others,
whereas reflective learners learn by thinking things
through and reflecting about them, and they prefer to
learn alone. Sensing learners like to learn from concrete
material-like examples, tend to be more practical and
are careful with details, whereas intuitive learners prefer
to learn abstract material, like challenges and are more
innovative. Visual learners remember best what they
have seen, whereas verbal learners get more out of
words, regardless of whether they are spoken or written.
Sequential learners learn in linear steps, prefer to follow
linear, stepwise paths and be guided through the learn-
ing process, whereas global learners learn in large leaps
and prefer a higher degree of freedom in their learning
process.

Felder and Soloman developed the Index of Learning
Styles (ILS) (Felder & Soloman 1997; Felder & Spurlin
2005), which is a 44-item questionnaire for identifying
learning styles based on the FSLSM. As a result, the
questionnaire provides four values, representing the
learners’ preference on each learning style dimension
expressed by values between +11 and –11. Using the
active/reflective dimension as an example, +11 means
that a learner has a strong preference for active learning,
whereas –11 states that a learner has a strong preference
for reflective learning.

Several studies have been conducted in order to test
the reliability and validity of the ILS questionnaire. For
example, a study by Zywno (2003) showed moderate to
strong test–retest reliability with correlation coeffi-
cients between 0.505 and 0.683 when using an interval
of eight months. Another study reported coefficients
between 0.60 to 0.78 for a seven-month interval
(Livesay et al. 2002). Regarding internal consistency
reliability, several studies (Livesay et al. 2002; Felder &
Spurlin 2005 citing Van Zwanenberg et al. 2000;
Zywno 2003) showed that Cronbach’s alpha coeffi-
cients met acceptable limits for all dimensions, with
alpha values between 0.51 and 0.76, apart of one result
by Van Zwanenberg et al. (2000), which showed an
alpha value of 0.41 for the sequential/global dimension.
The same studies also analysed inter-scale orthogonal-
ity and showed that three of the four dimensions are rea-
sonably orthogonal, but the sensing/intuitive and
sequential/global dimensions showed a moderate
degree of association. Studies that reported about the
distribution of learning styles in different disciplines
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support the claim of construct validity, showing that
learners in similar disciplines have similar distribution
of learning styles as summarized by Felder and Spurlin
(2005). Furthermore, Zywno (2003) analysed construct
validity by comparing ILS results over time, showing no
significant differences and therefore, supporting the
construct validity of the ILS questionnaire. Overall,
most studies lead to the conclusion that the ILS ques-
tionnaire may be considered as reliable, valid and
suitable.

Course

This study is based on a course about object-oriented
modeling (OOM) that was taught to undergraduate stu-
dents in the second semester of Information Systems
and Computer Science at a university in Austria. The
course ran for seven weeks. It was composed of a lecture
and a practical part where students had to submit five
assignments. The whole course was managed via
Moodle.

The online course had seven chapters, including an
introduction chapter, five chapters about the main con-
cepts of OOM and one chapter about the practical usage
of OOM. The course was composed of commonly used
kinds of learning objects/activities in online learning.
Furthermore, Moodle provided students with overview
pages in order to see all kinds of particular learning
objects/activities, such as all resources and all quizzes.
These pages were included in the analysis in order to get
a complete understanding about the students’ naviga-
tional behaviour.

The kinds of investigated learning objects/activities
included the following:

1 Overview page: this page was the main course page
and shows all learning objects/activities of the
course.

2 Forum: the course included a discussion forum that
students could use for asking course-related ques-
tions to the teachers or their peers.

3 Outlines: these pages provided the students with a
brief overview of the respective chapters.

4 Content objects: these objects were used to present
the content of the course. Overall, the course
included 424 content objects.

5 Conclusions: each chapter ended with a conclusion
that summarized the key issues of the chapter.

6 Lecture notes: each chapter included one or two
files that provided the outline, all content objects
and the conclusions of a chapter in print version.

7 Examples: examples aimed at illustrating the theo-
retical content in a more concrete way. Overall, the
course included 25 examples, five for each of the
main chapters.

8 All-resources page: the all-resources page was a
page offered by Moodle, presenting all resources
provided in the course, which included all outlines,
content objects, conclusions, lecture notes and
examples. The page was accessible from the over-
view page of the course.

9 Self-assessment (SA) tests: SA tests included theo-
retical questions where students could check if they
understood the theoretical concepts of the learning
material. Each chapter included the possibility
to conduct an SA test. Overall, the seven tests
included 114 questions, where for each test, five
questions were randomly presented to the student
from the pool of questions of the respective chapter.
Students were free to perform SA tests as often as
they wished. In this study, two different states were
distinguished in the process of conducting an SA
test: viewing the questions of the test and submitting
the answers to the questions. After finishing the SA
test, the correct results were shown to the student
together with the answers the student had given, and
for each question, a link to the content object was
presented, which provided more information about
the correct answer.

10 Exercises: these elements served as practice area,
consisting of practical questions where students had
to interpret pre-defined solutions or develop new
solutions to a given problem, and therefore, they
could check if they were also able to apply the theo-
retical knowledge. For each of the five main chap-
ters, five exercises with several questions were
provided. Overall, the exercises included 181 ques-
tions. Again, two different states were distin-
guished: viewing exercises and submitting answers.

11 All-quizzes page: similar to the all-resources page,
this page was provided by Moodle, accessible via
the overview page, and presented all SA tests and
exercises to the students on one page.

12 Assignments: students had to submit five marked
assignments offline. However, in Moodle, they
could find the instructions for the assignments.
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13 All-assignments page: similar to the all-resource
page, this page was provided by Moodle, accessible
via the overview page, and presented all assign-
ments on one page.

14 Others: the course also included for students some
other features that were not related to learning and
therefore summarized in this category. Examples
include logging in, changing one’s password, doing
other changes in the student profile and looking at
other students’ profiles.

Figure 1 shows the overview page of the course with
its links to the all-resources page, the all-quizzes page
and the all-assignments page as well as the learning
objects/activities for each chapter.

The assignments had to be performed in groups of
two. A few days after the submission, each student had
to present the solution individually and had to answer
questions about it. At the end of the course, each student
had to successfully complete a written exam. Although
parts of the assignments were performed in groups of
two, the course was designed in a way that all students
needed to learn everything and they were examined on
all topics; hence, the course was appropriate for investi-
gation of individual learning.

Students were required to register in Moodle because
of administrational issues of the course. However, the
usage of Moodle for learning was voluntary. Students’

marks were only based on the results of their assign-
ments and the final exam.

Data

One hundred and twenty-seven students participated in
the study. When registering in Moodle, they filled out
the ILS questionnaire (Felder & Soloman 1997; Felder
& Spurlin 2005) so that their learning styles could be
identified and stored in Moodle. Furthermore, Moodle
has a tracking mechanism that stores the paths students
took in the course and from which all necessary data for
this study with respect to the students’ navigational
behaviour could be extracted.

In order to use students’ data in this study, three
requirements had to be fulfilled. First, the time students
spent to fill out the ILS questionnaire was recorded.
Data of students who spent less than five minutes on
the ILS questionnaire were discarded because the
detected learning styles were considered as not reliable
enough. Accordingly, data from 41 students were dis-
carded. This relatively high number can be explained
by the lack of the students’ motivation to fill out the
questionnaire. Second, only data from students who
submitted at least three assignments were included,
which was a requirement for passing the course. This
requirement was chosen in order to exclude students
who dropped out because the data from those students

Fig 1 Overview page of the course.
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would not show representative behaviour. Ten students
did not meet this requirement, whereby data from two
of them were already discarded because of the first cri-
terion. However, nine out of these 10 students just reg-
istered in the course but did not submit even one
assignment. Third, only data from students who took
part in the final exam were included, which was also a
requirement for passing the course. This requirement is
important because it ensures that for all students, the
preparation for the final exam is included in the data.
Sixteen students did not meet this requirement, includ-
ing the ten students who already did not submit enough
assignments and the three students who met the second
but not the first requirement. Overall, data from 75 stu-
dents out of 127 were used for this study.

Table 1 shows the distribution of learning styles for
all dimensions. Since only 11 out of the 75 students had
a verbal learning style, this dimension was excluded
from this analysis. The low number of students with a
verbal learning style as well as their mainly weak pref-
erences for verbal learning (only two students had a
value of –5, all others had values of –3 or –1) would lead
to unreliable results when comparing visual and verbal
navigational behaviour. Therefore, only the active/
reflective, sensing/intuitive and sequential/global
dimension were investigated.

Investigated assumptions

This study focuses on several assumptions about the dif-
ferent navigational behaviour of learners with different
learning styles in an online course. These assumptions
are derived from FSLSM, which describes how learners
prefer to behave in general learning situations. In the
following subsections, the investigated assumptions
are described in more detail for each learning style
dimension.

Active/reflective dimension
According to FSLSM, active learners are characterized
as learners who like to communicate and discuss with
others, while reflective learners prefer to observe
and work alone. The discussion forum can therefore be a

relevant element for finding differences in the students’
navigational behaviour. Active learners are expected to
navigate frequently to the forum in order to be up to date
with new postings and maybe answer them. On the
other hand, reflective learners are expected to use the
forum more for reading and searching for information
in the postings. The different preferences of active and
reflective learners might be visible in their navigation
patterns when looking at how often learners go from the
overview page to a forum page and from the forum page
back to the overview page.

Another characteristic of active learners is that they
like to try things out rather than reading only the learning
material. This preference can be reflected by how they
use exercises and how they navigate through the learning
material. For exercises, active learners are expected to
try exercises again and again by re-submitting them,
which is presented in the system by finishing exercises
repeatedly. Regarding navigating through the learning
material, another assumption is that active learners are
more interested in the summary of the chapter than
reading each content object and therefore more often
jump from content objects to the conclusions.

Another element that might show different naviga-
tional behaviour for learners with active and reflective
learning styles are the SA tests and their feedback
links that lead students to respective content objects for
getting further information about the correct answer to a
question. While both active and reflective learners are
expected to use this feedback option frequently, reflec-
tive learners are expected to be more interested in
reflecting about the results and therefore continue with
the SA tests after visiting the content object, checking
the results of other question/answer pairs in the con-
ducted SA test or starting a new SA test. On the other
hand, active learners are expected to leave the SA area
more often and continue with something else.

Sensing/intuitive dimension
Similar to active and reflective learners but because of
different preferences, the discussion forum can indicate
differences in behaviour patterns for sensing and intui-
tive learners. Sensing learners are characterized as

Table 1. Distribution of learning styles.

Learning styles Active Reflective Sensing Intuitive Visual Verbal Sequential Global

Number of students 40 35 46 29 64 11 34 41
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patient and more careful with details, while intuitive
learners tend to be more creative, like challenges and are
not that careful with details. Because many of the post-
ings in the forum deal with clarifying the content or
details about the assignments, sensing learners are
expected to use the forum more for searching informa-
tion and reading messages about a specific topic. On the
other hand, intuitive learners are expected to use the
forum frequently but more for checking new postings
rather than browsing through postings in order to find
information. Therefore, navigation patterns, including
going from the overview page to a forum page and from
a forum page to the overview page, can show differ-
ences in sensing and intuitive learners’ behaviour.

According to FSLSM, sensing learners prefer con-
crete material and have difficulties with abstract
content. Therefore, conclusions of the learning material
are expected to be a relevant source for sensing learners,
and sensing learners are expected to access conclusions
explicitly from the all-resources page and go from con-
clusion to conclusion more often than intuitive learners.

Another characteristic of sensing learners is that they
prefer to be well-prepared for solving problems with
already learnt procedures and like to apply the theoreti-
cal knowledge in practical settings. This characteristic
can lead to two navigation patterns. First, sensing learn-
ers are expected to access quizzes (SA tests and exer-
cises) more often and explicitly through the all-quizzes
page, which can be seen from how often they go from
the overview page to the all-quizzes page. Second,
sensing learners are expected to use the link for getting
feedback about answers at the SA tests frequently, fol-
lowing the link to the respective content object and then
continuing, going through the answers or starting a new
test. Intuitive learners, on the other hand, are not so
patient with details and do not like repetition and tasks
where they have to apply the same standard procedures.
Therefore, they are expected to use the feedback links
less often, and if they use them, then maybe do not
return to the SA area. Furthermore, intuitive learners are
expected to go more often from one SA test to another
without solving/finishing the first one, taking the assess-
ment not that seriously.

Sequential/global dimension
According to FSLSM, it is important for global learners
to get an overview about the learning material. Respec-
tively, outlines are important for global learners. With

respect to navigational behaviour, global learners are
therefore expected to go more often through the outlines
of all chapters, indicated by going from outline to
outline. Furthermore, conclusions can help global
learners to get an overview. Therefore, they are
expected to go through the conclusions of all the chap-
ters, indicated by going from conclusion to conclusion.

Furthermore, the learning material seems to be an
important feature with respect to distinguishing the
navigational behaviour of sequential and global learn-
ers.According to FSLSM, sequential learners tend to go
through the learning material step by step, while global
learners more often jump to other learning objects
without using the recommended sequence. Therefore,
sequential learners are expected to go more often from
one content object to another. On the other hand, global
learners are expected to jump more often from content
objects to conclusions and outlines.

Another difference in the behaviour of sequential and
global learners is expected for the usage of SA tests and
the feedback links. Because sequential learners prefer to
go through the material in a way the teacher (or system)
recommended to go, they are expected to came back
more often to the results page of the SAtests, continuing
reading their results or performing another test. On the
other hand, global learners prefer to go through the
learning material in a non-sequential order, and there-
fore are expected to more often leave the SA area and go
somewhere else.

Statistical analysis

For finding differences between the behaviour of stu-
dents with different learning styles, for each learning
style dimension, students were divided into two groups
based on their results of the ILS questionnaire using a
threshold of 0. In order to analyse the navigational
behaviour and find out in which sequence students with
particular learning styles typically go through the
course, lag sequential analysis (Bakeman & Gottman
1997) was conducted for each learning style (e.g. active,
reflective, sensing and so on) based on frequency data of
all kinds of learning objects/activities described in the
course section above. Sequential analysis has been used
in similar contexts when analysing the behaviour of
learners (e.g. Hou et al. 2008; Sung et al. 2008). It tests
the statistical significance of behaviour patterns (e.g.
going from one kind of learning object to another) by
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calculating Z-scores from frequency data. These
Z-scores identify the probability for a particular behav-
iour pattern to be statistically significant. Using a sig-
nificance level of 0.05, a Z-score is significant if it is
higher than +1.96. In order to find differences in the stu-
dents’ navigational behaviour according to the investi-
gated assumptions, the Z-scores of the relevant
behaviour patterns are compared for both learning
styles of the same learning style dimension (e.g. active
and reflective) with respect to their significance.

Results

This section presents the results of our study. In Appen-
dix A, a table about the results of the sequential analysis
is provided for each of the three investigated learning
style dimensions, giving information about the frequen-
cies of transition between all learning objects/activities
as well as their significance. Table 2 summarizes the
results of the analysis with respect to each assumption,
indicating significant results with an asterisk.

From the results, it can be seen that an often used path
for active learners was to go from the overview page to
the forum and from the forum back to the overview page,
while for reflective learners, this sequence is not found
as significant and the only significant way to the forum is
found to be from another forum page. Therefore, conclu-
sions can be drawn that active learners went more fre-
quently to the forum but checked only few pages there,
while reflective learners seem to go less frequently to the
forum, but if they are there they read many postings. Fur-
thermore, the results show that re-submitting an exercise
and jumping from content objects to conclusions are
typical navigation patterns for active learners but not for
reflective learners. In addition, the results show that
reflective learners typically return to the SA area after
viewing feedback, while active learners choose this path
only seldom. All these results are in agreement with
FSLSM and confirm our assumptions formulated in the
investigated assumptions mentioned earlier.

Similar to active and reflective learners, the results
show that sensing and intuitive learners have different
behaviour with respect to the discussion forum. The
path from the overview page to the forum and from the
forum back to the overview page is more frequently
used by intuitive learners, while for sensing learners,
these paths are not typically used. Therefore, a conclu-
sion can be drawn that intuitive learners preferred to go

more frequently to the forum but checked only few
pages, while sensing learners went to the forum less fre-
quently but check more pages once they were there. Fur-
thermore, the results show that accessing conclusion
pages from the all-resources page, accessing the all-
quizzes page from the overview page and returning to
the SA area after visiting the content objects suggested
as feedback are typical navigation patterns for sensing
learners but not for intuitive learners. On the other hand,
for intuitive learners, the results show that they signifi-
cantly more often go from one SA test to another
without finishing the first one, while this is a seldom
used navigation pattern for sensing learners. All these
findings are in agreement with FSLSM and our assump-
tions described earlier. However, one of our assump-
tions could not be confirmed, dealing with the
preference of sensing learners to go from one conclu-
sion page to another. Going from conclusion to conclu-
sion is a typical behaviour for both sensing and intuitive
learners and therefore does not indicate a difference
between a sensing and intuitive learning style.

With respect to the sequential/global dimension, the
results show that going from conclusion to conclusion
as well as jumping from content objects to conclusions
and outlines are significant navigation patterns for
global learners but are only seldom used by sequential
learners. On the other hand, the results show that
sequential learners typically return to the SA area after
viewing content objects as feedback, while for global
learners, this is a seldom used path. All these findings
are in agreement with FSLSM and our assumptions. For
two patterns, we did not find our assumptions con-
firmed. These assumptions deal with going from
content objects to content objects, which was consid-
ered to be significant for sequential learners but not for
global learners, and going from outline to outline,
which was considered to be significant for global learn-
ers but not for sequential learners. However, for both
sequential and global learners, these patterns are signifi-
cant, indicating that going from content to content and
from outline to outline is an often used pattern by learn-
ers with sequential and global learning style.

Discussion and conclusions

The results of this study showed that most of the inves-
tigated assumptions could be confirmed, indicating
differences in the students’ navigational behaviour
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depending on their learning styles. Only three assump-
tions could not be confirmed because the investigated
navigation patterns were found to be significant inde-
pendent of the students’ learning styles. For these three
assumptions, further investigations are necessary in
order to find out the students’ intensions when applying
the respective navigation patterns.

As outlined in the introduction, this study aimed
at contributing towards the field of adaptive
computer-assisted learning in three ways. First, this
study aimed at showing that learners with different
learning styles behave differently in a learning system
with respect to their navigational patterns. As can be
seen from our results, several differences were found.
Therefore, these results provide another indication that
learners with different learning styles use online courses
in different ways and navigate through learning objects/
activities differently, which can be seen as a basic
requirement for providing adaptivity with respect to
learning styles.

Second, from the results of this study, recommenda-
tions for providing adaptivity with respect to learning
styles can be derived. Adaptive navigation support
is one of the main technologies in adaptive learning
systems (Brusilovsky 2001), showing the importance of
investigating navigational behaviour for adaptive learn-
ing systems. Several systems exist in the literature, such
as CS383 (Carver et al. 1999), TSAL (Tseng et al.
2008), and WELSA (Popescu 2008), which provide
adaptivity based on navigational preferences with
respect to learning styles. The adaptive features of these
systems are based on the description of the learning
style theory, which has been developed for learning in
general rather than only for online learning. In this
study, data were analysed from the navigational behav-
iour of students in a typical online course, providing
conclusions about how students with different learning
styles prefer to behave in an online environment. The
results can be used to extend the functionality of adap-
tive learning systems, considering the preferred naviga-
tional behaviour of students with particular learning
styles and recommending them a suitable way through
the course or giving them suggestions about the next
suitable learning object/activity if they need guidance.

Third, the resulting differences in navigational
behaviour can contribute in student modeling. In the last
few years, several research works have been conducted
on developing an approach that identifies learning styles
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automatically from students’ behaviour in an online
course (e.g. Cha et al. 2006; García et al. 2007; Graf
et al. 2008). However, these approaches were mainly
based on patterns, counting the students’ visits of spe-
cific kinds of learning objects, how much time they
spent on such learning objects and/or how they per-
formed on exercises, tests or specific kinds of questions.
This study shows that students with different learning
styles also have different navigational behaviour. These
differences can act as additional patterns in the auto-
matic identification process of learning styles, allowing
the usage of navigational behaviour as another source
for getting information about students’ preferred learn-
ing styles. Therefore, the results of this study can con-
tribute in making the identification of learning styles
more accurate and possible in shorter time.

Several studies in the literature have investigated stu-
dents’ behaviour in computer-assisted learning environ-
ments with respect to learning styles (e.g. Liegle &
Janicki 2006; Lu et al. 2007; Graf & Kinshuk 2008).
However, this study is different in several ways. First,
the study aimed at investigating the behaviour of stu-
dents in a typical online course. Therefore, the study
was based on a course in a commonly used LMS rather
than in a specific prototype system, and the course was
composed of commonly used kinds of learning objects/
activities. Second, while many other studies looked at
behaviour in terms of how often and how long students
visited specific kinds of learning objects/activities, this
study has focused on the navigational behaviour,
meaning how students went through the different kinds
of learning objects/activities. However, the study has
still focused on the context of the learning object/
activity and investigated the sequence of kinds of learn-
ing objects/activities in which students go through the
course rather than only looking at the navigational
method, such as whether students use the next buttons or
the menu for navigating through a course. Furthermore,
this study is based on a learning style theory, commonly
used in computer-assisted learning, making the findings
more widely applicable.

Alimitation of this study can be seen in the number of
participants, resulting for some navigational patterns in
a significant but low frequency that might need further
investigations in order to be confirmed.

Future work will deal with incorporating the findings
of this study in the automatic student modeling process
of learning styles and evaluating its effectiveness in
improving the accuracy of the detection process. Fur-
thermore, future work will deal with using the knowl-
edge about the different navigational preferences
for providing adaptive and personalized navigation
support. Moreover, investigations about students’ navi-
gational behaviour with respect to their performance
and learning styles are planned, analysing which strate-
gies help students with particular learning styles in
learning and which strategies can have a negative
impact on students’ performance. Such findings can
then be used to provide students with personalized
suggestions and help them in choosing navigational
strategies that have a positive effect on their learning
performance. A potential example could be that once an
active learner follows the feedback link at the results
page of his/her SA test, an adaptive system can remind
the student to go back after reading the feedback and
looking at the results of the other questions rather than
leaving the SA area. Furthermore, more detailed inves-
tigations will be conducted, analysing whether consid-
ering combinations of learning styles (such as learners
who have an active and sensing learning style) can lead
to further findings regarding learners’ navigational
behaviour.
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Appendix A

Tables A1, A2, and A3 present the results of the sequential analysis, showing the frequencies in which learners of the
respective learning style dimensions go from one kind of learning object/activity to another. Frequencies which are
significant on a level of 0.05 are indicated with an asterisk and written in bold font. Results regarding the investigated
assumptions are indicated with a gray background.
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