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Abstract—This paper discusses the evaluation of an adaptive
e-learning system based on student’s learning styles that has
been developed using LMS Moodle. Two popular models of
learning styles used are VAK and Felder. The VAK learning
styles include visual, auditory, and kinesthetic, whereas the
Felder learning styles include global and sequential. The
evaluation focuses on the alpha and beta testing. The result
shows that the adaptive e-learning system and all adaptation
functionalities have performed correctly.

Index Terms—Adaptive, e-learning, learning styles, moodle.

. INTRODUCTION

The World Wide Web has become an increasingly
powerful, global and interactive medium for sharing
information. The advances of web technologies have
boosted development of new learning experiences for
students. One of the first types of web application for
delivering instruction via the Internet is web-based
instruction that is now known as e-learning. E-learning is a
hypermedia-based instructional program that utilizes the
attributes and resources of the Web to create a meaningful
learning environment [1]. E-learning is just the integration
of the traditional Computer Assisted Instruction (CAI) or
Computer Based Training (CBT) into web technology.
Since then e-learning has been a hot research and
development area. Benefits of e-learning are both classroom
and platform independence.

There are many e-learning systems available on the
Internet, but they provide only the same plain hypertext
pages to all students regardless of individual ability. In
many current web-based courses, the course material is still
implicitly oriented for a traditional on-campus audience
consisting of homogeneous, well-prepared and well-
motivated students. However, web-based courses are used
by a much wider variety of users than any campus-based
courses. These learners may have very different goals,
backgrounds, knowledge levels and learning capabilities. A
web-based course designed for a specific group of users,
like a traditional course, may not fit other users. Therefore
the course material needs to be flexible so that different
students may get different materials and an order of
presentation that depends upon their own characteristics.

Adaptive e-learning systems (AES) try to solve these
problems by altering the presentation of material to suit
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each individual student [2]. AES combine ideas from
hypermedia systems and intelligent tutoring systems to
adapt the systems to the particular user. They use a model of
the user to collect information about his or her goals,
preferences and knowledge, and use this model throughout
the interaction with the user in order to adapt to the needs of
that user [3].

This paper discusses the evaluation of an adaptive e-
learning system based on student’s learning styles that is
developed using LMS Moodle. Two popular learning styles
will be explored and used as basis for implementing the
adaptation mechanism. The evaluation itself is focussing on
the alpha and beta testing when the development has
finished.

Il. ADAPTIVE E-LEARNING SYSTEM

Adaptive e-learning system (AES) is a recently
established area of research integrating technologies of CAl,
ITS and hypermedia systems [4]. There are at least two
reasons driving the advances of AES. First, AES are
typically used by much more heterogeneous users than any
standalone computer-based learning application. Any web-
based learning system that is designed for a specific group
of users may not suit other users. Second, generally the user
of AES is working without any assistance from teachers, as
would be the case in a traditional classroom situation.

The basic components of AES are the domain model, the
student model and the adaptation model [5]. The domain
model is the area or topic for which AES is intended as a
resource. The student model is a collection of characteristics
for which specific values are recorded for each user. The
adaptation model is essentially a definition of what parts of
the e-learning can be adapted and under what circumstances
this adaptation is to occur [6].

The main factor to provide adaptivity in the AES is the
student model that represents relevant aspects of the student
such as preferences, knowledge and interests [7]. The
student model dynamically maintains information for each
user such as his/her knowledge, preferences, etc. The
system collects this student information by observing the
use of the application, by presenting series of questionnaires
or feedback forms. The more accurate the student model is,
the more advanced the adaptation that can be provided.

According to Huitt [8], the learning process is complex
and may be influenced by many factors including student
characteristics. There are many student characteristics that
are related to the learning process; among others, these are
prior knowledge, intelligence, study habits, age, gender,
motivation, learning style, cognitive development, socio-
emotional development, moral and character development.
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The student model should therefore accommodate these
factors as much as possible in order for the adaptive e-
learning to adapt accurately to the student’s needs.

There are two types of adaptation in the AES depending
on who takes the initiatives: the system or the student [9]. If
the system which initiates, it is called adaptivity and if the
student who initiates, it is called adaptability. Adaptivity
means the capability of a system to adjust its presentation
according to the student characteristics automatically,
whereas adaptability means the capability of the system to
support user adjustment.

The term adaptive is often confused with adaptable.
Systems that adapt to the users automatically based on the
system’s assumptions about user needs are called adaptive.
Systems that allow the user to change certain system
parameters and adapt their behaviour accordingly are called
adaptable [10]. An important characteristic of adaptive
systems, identified by Jameson [11], is that the systems
adapt their behaviour to each individual user on the basis of
non-trivial inferences from information about that user. The
adaptivity is limited by non-trivial inferences to exclude
straightforward trivial adaptations that are usually adopted
by all kinds of systems.

The systems that have only these trivial adaptations are
called adaptable and not adaptive. Adaptable systems are
not based on intelligent algorithms that infer how to adapt
on their own. They just offer a flexibility to change the
interface or the behaviour manually according to user needs
or preferences. According to Cristea and De Bra [12], the
lowest level of intelligence for web-based instruction is to
have some adaptable features, i.e. the user has some options
that will determine some alterations to the aspect, contents
or functionality of the web material. These static adaptable
features are classified as adaptability.

On the other hand, compared to adaptability, adaptivity
represents a more advanced step towards artificial
intelligence. The actual capability of adaptive systems is to
adapt automatically to the new conditions that are usually
deduced from the user model [12]. In developing an
adaptive e-learning system, it is important to balance
between these two levels of adaptation [13].

I1l. LEARNING STYLES

The choice of learning style as one of the student
characteristics processed by the student model is based on
the following research studies. According to Rasmussen
[14], when a student’s individual learning style is taken into
account in the learning process, the student’s achievement is
improved. Other researches on learning style have indicated
that different students learn differently: some students learn
more effectively when taught with their preferred method,
and students’ achievements are related to how students learn
[15]. Learning style influences the effectiveness of training,
whether that training is provided on-line or in more
traditional ways [16]. These studies indicate the importance
of learning styles in the learning process.

There are various models of learning styles from the
literature. Two popular models used in this AES are VAK
and Felder. The VAK learning styles include visual,
auditory, and kinesthetic, whereas the Felder learning styles
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include global and sequential. According to Sarasin [17],
the VAK learning styles refer to human observation
channels: vision, hearing and feeling. It suggests that
learners can be divided into one of three preferred learning
styles, i.e. Visual, Auditory or Kinesthetic. Visual learners
can learn effectively when they see the materials; Auditory
learners like to hear the material, whereas Kinesthetic
learners are those who learn best by doing. These three
classifications are known as VAK learning styles.

Learning styles are often measured using a questionnaire
or psychometric test. The questionnaire comprises several
questions about learner personality, attitude, and behaviour.
In this AES, the questionnaire includes indicators to
measure the learner preferred learning styles of Visual,
Auditory or Kinesthetic and Global or Sequential. Based on
the scores the learners obtain, they can be classified into one
of these categories (known as learning modes):

e Global-Visual

* Global-Auditory

* Global-Kinesthetic

* Sequential-Visual

* Sequential-Auditory
* Sequential-Kinesthetic

In this AES, it is used a learning mode term which refers
to a combination of presentation mode Global-Sequential
with variations of VAK. Because there are six types of
learning modes that must be accommodated, then the
system must provide six kinds of presentations. Learning
mode of "Global-Visual" means the material is presented
globally by focusing on the visual aspect. Learning mode of
"Global-Auditory™ means the material is presented globally
with major elements of the audio aspect. Learning mode of
"Global-Kinesthetic" means the material is presented
globally with emphasis on the Kinesthetic aspect. For the
other three learning modes that are "Sequential-Visual",
"Sequential-Auditory”,  "Sequential-Kinesthetic",  the
learning materials are the same as the three previous modes,
but they are presented sequentially.

IV. MOODLE BASED AES DEVELOPMENT

The development of the AES is different in some respects
form other software development in general. According to
Koch [18], this difference is mainly concerned with
navigational facilities, the role of the user, and dynamic
adaptation of learning materials and presentations as well as
navigation. The model development is done through an
engineering approach as follows.

The analysis is the first step in the development of AES
model. In this step, it is generated a description of system
requirements, a description of system functions and the
main features of the system which is expected. This AES is
expected to provide a presentation of learning materials
which vary according to the tendency of the user's learning
style. Thus the system must be able to identify the diversity
of learning styles of users and take advantage of user data as
considerations to deliver presentations

An adaptivity mechanism that is used to decide whether a
student will get a certain learning mode is very simple. As it
was described in the system design [19], students have to
fill out the questionnaires when the first time accessing the
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adaptive course. The questionnaire contains questions that
ask the tendency of learning styles in which the answers are
grouped into two, the first group: visual, auditory,
kinesthetic and second group: global, sequential. For
example if a student obtains the highest score on the visual
aspect of the first group and highest score on the global
aspect of the second group, then students will continue with
the learning mode of "Global-Visual". Another example, a
student will continue with a learning mode of “Sequential-
Auditory”, if she or he gets the highest score on the auditory
aspect of the first group and highest score on the sequential
aspect of the second group.

The next step was design that produces a system
architecture based on a summary of the functional systems
and features of adaptive e-learning systems. The
implementation is next step that would be the realization of
the system design through a programming work. A
Learning Management System of Moodle was chosen as a
platform for the implemetation. In order to customize the
list of questions within the questionnaire, teachers are
allowed to edit the questionnaires. Fig. 1 shows a list of
questions edited by teacher.

List of Questions

1. Ketika saya berkonsentrasi memikirkan sesuatu, saya biasanya:

. fokuskan pada gambar atau ilustrasi yang berkaitan [Visual]

¢ mendiskusikan problem dan solusinya dalam kepala saya [Auditory]

* menggerakkan anggota badan mis: tangan, kaki, atau mengger: [Kinaesthetic]
. [Global]

. [Sequential]

| Save changes || Delete |

2. Ingatan pertama yang paling berkesan bagi saya adalah dengan cara:

* melihat sesuatu [Visual]
* membicarakan sesuatu [Auditory]
* mengerjakan sesuatu [Kinaesthetic]

Fig. 1. List of questions edited by teacher.

The number of questions in the questionnaires must be
odd or cannot be divided by 3 for the first group and cannot
be divided by 2 for the second group. The disadvantage of
this mechanism, among others, although the number of
questions is not divisible by 3, but there is still a possibility
that the two aspects got the same score. If this happens, then
the system will choose the one that may not match the
student’s learning styles. In addition, when filling out the
questionnaire for the second chance, students may still
remember some of the questions, if this happens then the
score may not reflect their actual learning styles.

As a standard Moodle does not consider individual
differences of learners and treat all learners equally, in order
to accommodate the learners’ learning styles of Visual,
Auditory or Kinesthetic and of Global or Sequential; it
needs to be customized. Customizing Moodle to implement
the system design includes creating some modules, blocks,
and course format within the Moodle. In order to serve the
adaptivity mechanism, it has been created within the
Moodle three modules of assignment, quiz and resource,
four blocks of adaptive and one course format.

Teachers are responsible for devising and editing all the
learning materials. When teachers want to make one topic
of learning materials, they have to make the topic for all six
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types of learning mode accordingly. There is one additional
section categorized as common that can be seen by all
students. The common section may contain information
such as course schedule, syllabus, discussion forum, etc. Fig.
2 shows a teacher’s view when they are editing a course
page.

Adaptive 3 You are logged in as Herman D Surjono (Logout)

Adaptive » CF101 @ Switch role to... ¥ | Tum editing on
People Topic outline Latest News
# Participants Add a new toplc...
& News forum (No news has been
Activities posted yet)
B Forums 1 |Common| =]
R Quizzes B Materi umum List Of Activities
Resources Forums
B 2 |Visual - Global| o \! Quizes
Search Forums 8 Materl Visual-Global R Resources
o 3 |Auditory - Global| B upcoming
‘9&] B Materi Auditory Global Schedules
Advanced search@ There are no
- =] b
4 [Kinaesthetic - Global| upcoming events
Administration B} Materl Kinestetlk Global
« Turn editing on Adaptive
@ Seftings 5 [Visual - Sequential| O Leaming
9 Assign roles Bl Materl Visual Sequential You are viewing
W Grades ~ Al &
i Groups 6 |Auditory - Sequential| Q| mdenis
& Backup B Materi Auditory Sequential

Seftings
£ Ractora

Fig. 2. Teacher’s view of a course page.

When a student that has a certain learning style see the
course page, all the materials will not be presented, but only
one material will show. Fig. 3 shows a student’s view when
he/she has a learning mode of auditory-global.

You are logged in as Herman Student (Logout)

Adaptive 3
Adaptive» CF101
People

# Participants

Topic outline Latest News

(No news has
W News forum been posted yet)
Activities
W Forums
2 Quizzes
B Resources

00 List Of Activities
®Forums

O  RQuizzes
B Resources

1 B Materi umum

2 B Materi Auditory Global

Search Forums
Upcoming

Schedules

Go,

&9 There are no
Advanced search
@

upcoming events

Adaptive
Learning

You are viewi

Administration

W Grades

¥ Profile Auditory - Global

Profile
Fig. 3. Stsudent’s view of a course page.

V. AES EVALUATION

The overall evaluation for the developed AES can be
divided into two, namely formative evaluation and
summative evaluation. The formative evaluation is carried
out when the development process is still ongoing with the
aim that a better system can be achieved before the system
is widely used by the user. The summative evaluation is
conducted when the system is done and is widely used by
users in order to determine the effectiveness of AES in the
learning activities.

This paper only presents the formative evaluation that
includes ongoing, alpa and beta testing. The results of this
evaluation can be described as follows. The ongoing
evaluation was conducted by researchers at every stage of
the system development, i.e. ranging from analysis, design
to implementation. The ongoing evaluation at the design
and implementation stage was done by way of comparing
whether the work was done in line with the functional
system. In the event of non-compliance, then the job was
immediately corrected. With this ongoing evaluation, the
final result would meet the expected criteria.

The final performance of the adaptive e-learning was
obtained through alpha and beta testing by observing if the
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system is working in accordance with the expected
adaptivity functionality. The summay of the evaluation
results can be seen at Table I.

TABLE I: ADAPTIVITY FUNCTIONALITY OF THE ADAPTIVE E-LEARNING

No Adaptivity Functionality Yes | No

1. Teacher can set a course format to adaptive v

2. Teacher can compose questionnaire and its v
setting

3. Student obtains questionnaire scores and is v
assigned to particular learning mode

4. Student can see his/her learning mode v
history

5. Teacher can author six different learning v
materials in accordance with their respective
learning modes

6. Student can only see the learning materials v
in accordance with his/her learning styles

7. Teacher can make six different assignments v
and quizzes in accordance with their
respective learning modes

8. Student can only see the assignments and v
quizzes in accordance with his/her learning
mode

9. Teacher can change the setting of student’s v
learning mode

10. Teacher can change the setting of learning v
materials, assigments, quizzes to any other
learning mode

11. Student can see recent activities and up v
coming caledar in accordance with his/her
learning styles

VI. CONCLUSIONS

The AES that is evaluated in this paper presents learning
materials that match students' learning styles i.e. visual,
auditory and kinesthetic either globally or sequentially. The
system identifies the student’s learning styles tendency
through a set of questionnaire. The questionnaire scores are
used by the system as basis to provide the student a
presentation of learning materials differently.

The system is implemented by customizing the LMS of
Moodle. The ongoing evaluation at the design and
implementation stage is done to make sure that every
feature of the system works well. The evaluation results
show that all adaptation functionalities of the adaptive e-
learning has performed correctly.
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