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Abstract—Self-regulated learning has become an important
construct in education research in the last few years. Self-
regulated learning in its simple form is the learner’s ability
to monitor and control the learning process. There is in-
creasing research in the literature on how to support stu-
dents become more self-regulated learners. However, the
advancement in the information technology has led to para-
digm changes in the design and development of educational
content. The concept of learning object instructional tech-
nology has emerged as a result of this shift in educational
technology paradigms. This paper presents the results of a
study that investigated the potential educational effective-
ness of a pedagogical framework based on the self-regulated
learning theories to support the design of learning object
systems to help computer science students. A prototype
learning object system was developed based on the contem-
porary research on self-regulated learning. The system was
educationally evaluated in a quasi-experimental study over
two semesters in a core programming languages concepts
course. The evaluation revealed that a learning object sys-
tem that takes into consideration contemporary research on
self-regulated learning can be an effective learning envi-
ronment to support computer science education.

Index Terms—Self-regulated learning, computer science
education, learning styles, learning objects

L INTRODUCTION

The aim of any instructional approach is to provide stu-
dents with high-quality learning material and educational
tools. In the last few years, the concept of self-regulated
learning (SRL) has received increasing attention in educa-
tional research, especially higher education research, be-
cause of its importance for academic success and lifelong
learning [1]. Self-regulated learning focuses on the learner
as central in the learning process and on the explicit use of
various learning strategies. Therefore, it is reasonable to
gain a greater understanding of the learner to best inte-
grate aspects of self-regulated learning in the teaching and
learning process. The traditional vision of designing and
delivering learning material must be altered to place great-
er emphasis on students’ preferences and needs and in-
crease students’ control and monitoring of their self-
regulated learning.

With the advancement of educational technology, the
current trend in the instructional design of learning mate-
rial is the use of digital educational resources that have
pedagogical objectives as learning objects [2]. Learning
objects are distributed via online digital libraries known as
learning object repositories. There is an increasing effort
to develop standards and specifications for these learning
objects, but most of these efforts focus on technical devel-

24

opment and ignore pedagogy or educational theories, par-
ticularly learning styles and self-regulated learning.

Learning objects can improve the teaching and learning
of many disciplines. Computer science education has been
criticised for a lack of reference to pedagogical theories.
The teaching and learning of computer science concepts
are challenging tasks for both teachers and students [3].
This has been reflected in the low level of retention and
success among computer science students [4]. Today,
computer science students have diverse backgrounds, ex-
periences and preferences. Computer science involves
studying dynamic and abstract concepts that are difficult
for students to understand using traditional teaching and
learning methods. For example, novice programmers seem
to face different challenges [5]. Additionally, computer
science is a rapidly changing area that is driven by new
technologies rather than pedagogy [6]. Self-regulated
learning behaviour is typical of computer science students
because they must learn different concepts in a very short
time to keep abreast of the dynamic changes in the field
[71.

The current paper addresses the challenges associated
with the design and use of learning objects to improve the
teaching and learning of computer science. A pedagogical
framework is proposed to improve the design and use of
learning objects based on the concept of self-regulated
learning and students’ learning styles. Based on the
framework, an online learning object system is developed
and evaluated in a core programming languages course.

1L SELF-REGULATED LEARNING

A. What is Self-Regulated Learning ?

Self-regulated learning educational paradigms focus on
the role of the learner in the learning process and view the
teacher as facilitative rather than dominant over the learn-
ing process. Self-regulated learning is the learner’s ability
to be “metacognitively, motivationally, and behaviourally
active participants in their own learning process” [8].
Metacognition refers to the awareness and control of the
cognition process and includes processes, such as goal
setting, planning and self-evaluation to control and moni-
tor the learning process [9]. “Self-regulated learning has
emerged as a powerful new learning theory that is able to
promote transfer of knowledge and skills to real-life situa-
tions and make students more independent of their teach-
ers in extending and updating their knowledge base” [10].

Self-regulated learners are active participants in the
learning process who utilise metacognitive, motivational
and behavioural strategies [11, 12]. According to Pintrich
[13, 14], self-regulated learning strategies can be catego-
rised into cognitive, metacognitive and resource manage-
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ment strategies, which have been reported to have a strong
influence on students’ academic achievement.

Although various models have been developed to illus-
trate the process of self-regulated learning, they are all
based on Zimmerman’s Cyclical Model of Self-Regulated
Learning. Zimmerman’s model of self-regulated learning
[11] is based on Bandura’s social cognitive theory [15,
16], which views self-regulated learning as an integration
process between personal, behavioural and environmental
processes. According to this model, self-regulated learn-
ing occurs via three cyclical phases: forethought, perfor-
mance control, and self-reflection [17]. These phases are
cyclical; feedback from the previous phases is used to
adjust the next phase.

The forethought phase involves processes that occur
prior to learning, including goal setting and strategic plan-
ning. Goal setting is the process of determining the out-
comes of the learning task. Strategic planning involves the
selection of strategies that are suitable for performing the
task. The activation of previous knowledge that is required
to accomplish the learning task is essential in this phase.

The performance phase involves processes that occur
during learning, such as self-control and self-observation.
Self-control involves actual learning strategies that stu-
dents use to manage the learning material (e.g., reading,
note-taking, critical thinking, help-seeking, etc.). Self-
observation involves metacognitive monitoring strategies
that students may use to track and evaluate their progress,
such as self-recording and self-questioning. Students em-
ploy the technique of self-recording to record each learn-
ing activity and its results. They utilise the strategy of self-
questioning or testing to assess their understanding of the
learning material by performing a test to evaluate perfor-
mance against a predefined goal or standard.

Self-reflection involves processes that follow learning,
such as self-judgment and self-reaction. These processes
are closely associated with self-observation. Self-
judgment involves two sub-processes, self-evaluation and
causal attributions. Self-evaluation is the comparison of
individual performance against predefined goals. It also
involves comparisons with the performance of other stu-
dents in the same class. The result of self-evaluation is
linked to the causal attribution to determine the cause of
this result. For example, a student’s poor performance can
be attributed to bad strategy selection, insufficient effort
or limited abilities. Self-judgment is linked to self-
reaction. Self-reaction involves two sub-processes, self-
satisfaction and adaptive inferences. Self-satisfaction is
the learner’s perception about his/her performance, i.c.,
whether the learner is satisfied or disappointed. Based on
this perception, the learner employs adaptive inferences to
determine how to change the self-regulated learning pro-
cess to achieve a better result. Adaptive inferences involve
changing the goals defined in the forethought phase or
choosing other strategies to perform the task.

B. Related Studies on Self-Regulated Learning

This section reviews studies that were conducted to in-
vestigate the effectiveness of interventions proposed to
support self-regulated learning.

Chen [18] investigated self-regulated learning strategies
that predict students’ performance. The study involved
197 students who were enrolled in a business information
systems course, and assessed their use of self-regulated
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learning strategies during the course lectures and labs. The
study revealed that effort regulation, the ability of students
to control their attention regardless of distractions, had the
most positive impact on students’ performance in the
course.

Ragosta [19] conducted a meta-study to analyse the ef-
fectiveness of interventions designed to help college stu-
dents develop self-regulated learning strategies. The study
found that the impacts of these interventions were small.
Ragosta attributed this to several reasons, including the
possibility that “the training programs themselves were
deficient in one or more components essential to effec-
tiveness” [19].

Some studies reported the use of a proposed course on
self-regulated learning as an academic intervention to im-
prove students’ self-regulated learning strategies. Bail [20]
studied the effect of a course on self-regulated learning on
the academic achievement and graduation rate of under-
graduate students. The course was designed to help stu-
dents learn about different self-regulated learning strate-
gies, such as goal setting, time management, note taking,
and resource management. The study followed an experi-
mental design in which the intervention group of students
took the course, and the control group did not take the
course. The study indicated that students in the interven-
tion group had significantly higher performance, GPA,
and graduation rate than those in the control group. Simi-
larly, Weinstein et al. [21] developed an adjunct course to
enhance students’ self-regulated learning strategies. This
course provided the opportunity for students to learn and
implement different self-regulated learning strategies. The
course trained students to use several cognitive strategies,
such as rehearsal, elaboration, and organisational strate-
gies. The result of this study highlighted the importance of
training students in self-regulated learning to improve
their academic achievement.

In mathematics education, a number of studies reported
the positive effect of using self-regulated interventions to
help students improve their problem-solving skills and
reduce math anxiety [22, 23]. Similarly, in engineering
education, Schmitz and Wiese [24] studied a group of
civil engineering students over a period of five weeks us-
ing a self-regulated training intervention. The intervention
was designed based on Zimmerman'’s Cyclical Model of
Self-Regulated Learning [11] and intended to improve
self-regulated learning skills, such as planning, goal set-
ting, time management, and cognitive self-motivation. The
intervention provided 2-hour weekly sessions over five
weeks, and followed an experimental design with pre-test
and post-test. The control group was not exposed to the
intervention. Both control and intervention groups com-
pleted a pre-test at the first week of the intervention and a
post-test at the end of the fifth week. Additionally, stu-
dents in the intervention group completed a daily diary to
trace their self-regulated learning behaviours. The result
showed an improvement in use of some self-regulated
learning strategies among students in the intervention
group as a result of the training intervention.

III.  LEARNING STYLES

A. What are Learning Styles ?

Learning is a process whereby individuals acquire new
knowledge. Research indicated that students tend to gather
and process information in different ways. These differ-

25



PAPER
PERSONALISED LEARNING OBJECT SYSTEM BASED ON SELF-REGULATED LEARNING THEORIES

ences are known as learning styles. Many definitions of
the term ‘learning style’ can be found in the literature.

The learning style can be defined as “a particular way
in which an individual learns” [25]. Shaw and Marlow
[26] describe a learning style as “a distinctive and habitual
manner of acquiring knowledge, skills or attitudes through
study or experience”. Keefe [27] defined learning style as
“the characteristic cognitive, affective and psychological
behaviors that serve as relativity stable indicators of how
learners perceive, interact with and respond to the learning
environment”. This is one of the most comprehensive def-
initions of the learning style and is adopted by the Nation-
al Association of Secondary School Principals.

The adoption of a specific teaching style without
awareness of the students’ preferred learning styles may
lead to inefficient learning outcomes for some students
[25]. Teachers must be aware of their students’ learning
styles, and must vary their teaching strategies and materi-
als to be compatible with different learning styles.

Teachers believe that to be fair to all students, they
should use the same teaching strategies for all students.
These strategies, each which will inevitably favour a
learning style, can be thus effective for some students
more than others. However, “teachers can appreciate that
being fair really means providing equal opportunities for
each student to learn in the manner that best suits his or
her own natural learning style” [28]. An awareness of stu-
dents’ learning styles can help teachers to vary their teach-
ing strategies and can help individual students to find the
best learning strategy. To help different types of learners,
teaching and learning strategies should be tailored to ac-
commodate all learning styles. However, restructuring the
whole instructional approach is not required to achieve
this aim [29].

Learning styles can be identified using different mod-
els, and many learning style models have been proposed
in the literature. Felder—Silverman Learning Style Model
[30] is a well-known learning style model that is widely
used to identify students’ learning styles in many disci-
plines, especially science and engineering education. The
Index of Learning Styles (ILS) is an instrument that is used
to identify learning styles based on this model. The Feld-
er—Silverman Learning Style Model consists of four di-
mensions [30].

Perception (Sensing—Intuitive): this dimension de-
scribes the type of information an individual preferentially
perceives. Sensing learners prefer concrete contents and
facts, and are detail-oriented, whereas intfuitive learners
prefer abstract concepts, theories, and mathematical for-
mulas, and dislike detail. Sensing learners tend to solve
problems using well-established methods, and dislike
complication. Intuitive learners enjoy innovations and new
ideas for solving problems, and dislike repetition.

Input (Visual-Verbal): this dimension describes the
type of presentation an individual prefers. Visual learners
prefer learning through visual media, such as pictures,
charts, and diagrams, whereas verbal learners prefer spo-
ken or written materials and explanations. Both types of
learners learn better when the material is delivered using
visual, verbal, and written forms.

Processing (Active—Reflective): this dimension de-
scribes how the learner processes information. Active
learners prefer learning in groups, and tend to try things
out, whereas reflective learners prefer working alone, and
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tend to think about how things work before attempting
them.

Understanding (Sequential-Global): this dimension de-
scribes how the learner progresses towards understanding
information. Sequential learners prefer to follow a logical,
step-by-step linear approach, whereas global learners pre-
fer absorbing learning materials randomly, in large jumps,
without following a step-by-step approach, until grasping
the full picture. Global learners need to grasp the full pic-
ture before exploring the details. University courses are
typically taught according to a sequential presentation
format. Sequential learners can learn effectively under this
method of instruction [31].

B. Related Studies on Learning Styles

Research on learning styles focuses mainly on the iden-
tification of students’ preferred learning styles. In addi-
tion, some studies investigated differences in academic
achievements among students with different learning
styles.

Based on the Felder-Silverman Learning Style Model,
Rosati [32] studied the learning styles of engineering stu-
dents at the University of Western Ontario. The sample
consisted of 858 students, and their responses show pref-
erences towards active (69%), sensing (59%), visual
(80%), and sequential (67%) learning styles. Similar re-
sults were reported by Kuri and Truzzi [33], who identi-
fied the learning styles of engineering students in Brazil.
The responses of 351 freshman students showed that the
majority of students had preferences towards active
(60%), sensing (74%), visual (79%), and 50% for both
sequential and global learning styles. Based on the same
learning style model, Heenaye, Gobin, and Khan [34]
measured the preferred learning styles of engineering stu-
dents who were enrolled in an information technology
course. The analysis of students’ learning styles shows
that the majority of students were identified as sensing,
visual, and sequential learners. This result is also con-
sistent with the learning styles distribution reported in
[35]. The authors investigated the learning style prefer-
ences of third-year engineering students. The analysis of
students’ responses to the learning style questionnaire
indicated that students had preferences towards visual,
sensing, and active learning styles.

Similarly, in a recent study, Koh and Chua [36] con-
ducted an exploratory study to investigate differences in
learning styles among mechanical engineering students at
different university levels. The study concluded that the
majority of students had a strong preference towards the
visual learning style.

The previously mentioned studies analysed students’
distributions based on their learning styles in different
engineering courses. However, this distribution was not
correlated with students’ academic achievement. It is im-
portant to understand whether there is a relationship be-
tween different learning styles and students’ academic
achievement to determine whether learning styles can
predict students’ success or failure.

Sharp [37] discussed potential roles of learning style
models to improve students’ teamwork skills in under-
graduate engineering programs. Based on an empirical
study conducted in an introductory chemical engineering
course, the author found that the identification of students’
learning styles could enhance each student’s communica-
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tion skills by improving their ability to express concepts in
different ways. Additionally, the knowledge of learning
styles could help to resolve conflicts among team mem-
bers.

In a recent study, Patterson [38] investigated the educa-
tional effectiveness of using a multimedia laboratory
manual as an alternative to a paper-based manual in chem-
ical and material engineering courses. The author pro-
posed this method to match students’ preferred learning
styles, which were identified as visual and sensing using
Felder-Silverman Learning Style Model. The study found
that the multimedia manual had positive impacts on stu-
dents’ preparation, performance, and satisfaction in differ-
ent courses.

Based on the previously mentioned studies, the majority
of science and engineering students are sensing and visual
learners, who best learn using diagrams, pictures and ani-
mations, and real-world examples. However, the teaching
methods employed in science and engineering courses
favour verbal and intuitive learners by focusing on exten-
sive use of written texts and handouts, and less use of dia-
grams and animations. This might explain why verbal
learners outperformed visual learners even though the
majority of students were visual learners [29].

C. Summary of Research On Learning Styles

Education researchers agree that there are different
learning styles that must be accommodated to improve the
teaching and learning process. In addition, empirical stud-
ies on the implications of different learning styles for stu-
dents’ performance have found significant differences in
the levels of academic achievement of students with dif-
ferent learning styles [39-42]. One explanation for this
result is that the learning materials favour specific learning
styles and ignore other styles.

There appears to be a debate on how to integrate learn-
ing styles into curriculum design and teaching and learn-
ing activities. The lack of empirical studies that evaluate
the effectiveness of learning styles-based interventions has
made it difficult to generate recommendations for teachers
and curriculum designers. The research on learning styles
focuses primarily on the identification of students’ learn-
ing styles and how this might affect their academic
achievements. In addition, the research on learning styles
follows a track that differs from that of other educational
theories. The role of learning styles in self-regulated learn-
ing has not been investigated and appears to offer a poten-
tial direction for future research.

The main hypothesis that dominates the research on
learning styles is called the “matching hypothesis” [43].
This hypothesis argues that if a learner is presented with
learning material that is compatible with his/her own
learning style, his/her learning process improves. Further,
teaching methods that are mismatched with the learner’s
style might lead to difficulties in learning. However, re-
search on how this hypothesis could be applied in context
to improve the teaching and learning process in many dis-
ciplines, including computer science, is scarce. “Learning
style awareness” was proposed in response to critical re-
views of learning style theories as an alternative and
promising hypothesis for future research on learning styles
[43, 44]. This hypothesis claims that knowledge of learn-
ing styles should be used to increase self-awareness,
which leads to improvements in the learning and teaching
process. Learners who become aware of their learning
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styles are more likely to be aware of their strengths and
weaknesses and, therefore, have greater control of their
learning processes. In addition, teachers who are aware of
the diversity of learning styles among their students are
most likely to adopt teaching approaches that appeal to
different types of students. In this case, knowledge about
learning styles is used to enhance meta-cognition, which is
an important component in any self-regulated learning
model.

IV. LEARNING OBJECT INSTRUCTIONAL TECHNOLOGY

The advancement in information technology has led to
a paradigm shift in the way that people communicate and
learn. Consequently, the development and delivery of
learning materials are changing. To reflect this paradigm
shift, a new instructional technology called “learning ob-
jects” emerged as next generation technique for instruc-
tional design due to its capacity for reusability, adaptabil-
ity and scalability [45, 46].

A. What are Learning Objects ?

The increased interest in the concept of learning objects
has led to a number of definitions and terms to describe
the idea behind learning objects.

At the early stage, the concept of learning objects was
defined based on technical aspects only [47]. Despite the
effort to adopt learning object definitions that incorporate
both technical and learning aspects [45, 48], the majority
of definitions still focus on technical aspects. One expla-
nation for this is that, due to the lack of educational theory
foundation in the design of learning objects, educators
prefer to use technical aspects to describe learning objects.

The author conducted a comprehensive review of the
literature related to learning objects to extract the common
themes in the conceptualisation of learning objects. De-
spite the diversity of learning object definitions, almost all
of them agree that a learning object should be digital, re-
usable, and have a pedagogical purpose.

1) Learning Objects are Digital Learning Resources

As defined by the IEEE Learning Technology Stand-
ards Committee (LTSC), the learning object is “any entity,
digital or non-digital, which can be used, re-used or refer-
enced during technology supported learning” (LTSC,
2002). This definition has been criticised for its broad
perspective that leads us to consider anything in the learn-
ing process as a learning object. Wiley excluded the non-
digital items from the IEEE definition, and described
learning objects as “any digital resource that can be reused
to support learning” [45].

The word “digital” is one of the most frequently used
words to describe learning objects. Subsequent definitions
limit learning objects to be digital resources only. Many of
learning objects definitions explicitly use the word digital
to describe learning objects. Koper [49] narrowed the
scope of the Wiley’s definition and defined a learning
object as “any digital, reproducible and addressable re-
source used to perform learning activities or learning sup-
port activities, made available for others to use”. Similar-
ly, according to Mavrommatis [50], a learning object is “ a
standalone, reusable, digital resource that aims at teaching
one or more instructional objectives or concepts”. Most of
the previous mentioned definitions either directly or indi-
rectly consider learning objects to be digital resources.
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2) Reusable via Metadata

Reusability is one of the characteristics of learning ob-
jects that is frequently incorporated into the definitions of
learning objects. Wiley [45] used the term “reused” to
refer to learning material that is developed once and used
multiple times. Another term is “reproducible”, which was
used in the definition provided by Koper [49] in reference
to learning resources that are made available for others to
use. Some studies, such as [51] and [50], used the explicit
term “reusable” as one of the main characteristics of learn-
ing objects. Laverde, et al. [51] consider metadata as an
essential component of any learning object; the purpose of
the metadata is to enable its identification, storage, and
recovery, and thus increase its reusability. This view of
reusability is also the focus of some learning object defini-
tions, such as that provided by [52], who defined a learn-
ing object as “a small piece of text, visual, audio, video,
interactive component, etc. that is tagged, and stored in a
database”. In this definition, the concept of reusability is
enabled through tagging of learning objects with metadata
and storing them in a database, which is most likely an
online learning object repository. This is consistent with
the definition of learning object reusability provided by
Laverde, Cifuentes, and Rodriguez [53], who defined a
learning object as:

“a digital, self-contained, reusable entity with a clear
learning aim that contains at least three internal changing
components. content, instructional activities, and context
elements. As a complement, the learning object should
have an external component of information which helps its
identification, storage, and recovery: the metadata”.

These definitions combine some characteristics of any
learning object to enable its reusability; stand-alone, trans-
ferable to other courses or education contexts, and of ap-
peal to different learners. They also stress the importance
of learning objects being tagged with descriptive infor-
mation (metadata) to describe their contents, in order to
make it easy to find and use them. For example, in com-
puter science education, a group of instructional designers
might develop a high-quality learning object to teach stu-
dents about a specific concurrency construct, such as sem-
aphores. This learning object could then be used in differ-
ent courses, such as concurrent programming, operating
systems, or distributed computing. The same learning ob-
ject could also be developed through collaboration be-
tween instructional designers in multiple academic institu-
tions, and therefore could be used simultaneously in dis-
parate courses in these institutions.

3) Pedagogical Purposes

Many of the early definitions of learning objects were
criticised for their focus on technical aspects and lack of
reference to educational aspects of learning objects [47].
In response to this criticism, different attempts have been
made to construct a definition that includes both technical
and educational aspects.

Some of the current definitions of learning objects in-
clude terms such as “pedagogical”, “instructional”, and
“educational”. An example of a broad view of learning
objects can be seen in the definition provided by Quic
[54], who described learning objects as “chucks of educa-
tional content”. This definition is broad enough to include
even non-digital items that might be used during the learn-
ing process. Similarly, Doorten, Giesbers, Janssen, Dan-
iels, and Koper [55] emphasised the educational purpose
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in their description of learning objects, and stressed the
importance of the learning object being designed to satisfy
a single educational objective. In contrast, some research-
ers limited the scope of learning objects to include only
digital items that have specific pedagogical purposes. For
example, Sosteric and Hesemeier [2] emphasised the pur-
pose of the learning object more that its structure. Accord-
ing to the authors, a learning object is “a digital file (im-
age, movie, etc.) intended to be used for pedagogical pur-
poses”. Sosteric and Hesemeier [2] pointed out that it is
important to benefit from research in the educational ef-
fectiveness of learning objects in order to make sure that
our notions of learning objects can be implemented, and
can contribute to educational theory and practice.

B. Learning Objects and Self-Regulated Learning

Learning objects can support students in their self-
regulated learning if pedagogical foundations are taken
into consideration during the design and delivery of these
learning objects. There is a lack in the underlying theory
that guides the design and use of learning objects [45].
Moreover, the delivery of learning objects in online learn-
ing object repositories does not follow a predefined peda-
gogical model based on the latest research in self-
regulated learning [56].

While progress is being made to achieve the vision of
learning object economy as described by [57], there are
still some obstacles. For learning objects to be widely
adopted in education, Millar [58] stated that two main
conditions should be satisfied. First, educators need to
have motivation and willingness to adopt learning objects,
and integrate them in their teaching and learning process.
Second, a variety of learning objects should be easily
available and discoverable. The first condition is related to
the pedagogical requirements that learning objects should
support, in order to motivate educators to adopt them. The
second condition can be partially enabled by storing learn-
ing objects in different learning object repositories, and
using relevant and domain-specific metadata to describe
them.

The main goal of learning object instructional technol-
ogy is to simplify and enhance the process of the instruc-
tional design and distribution of learning material. How-
ever, learning objects are criticised of being “learning the-
ory agnostic” [45]. The main problem is the lack for learn-
ing theories that guide the design and use of learning ob-
jects. “The potential of learning objects as an instructional
technology is fabulous, but will never be realised without
a balanced effort in technology and instructional design
areas” [59].

The lack of pedagogical foundation for learning object
design is reflected in the metadata standards that are used
to describe learning objects. Research has suggested that
the current standards that have been developed to support
the design of learning objects lack information related to
educational theories. For example, Wiley [59] stated that
“technical standards and venture capital are not enough to
promote learning. In order to promote learning, technolo-
gy use should be guided by instructional principles”. In
terms of metadata, learning technology standards, such as
IEEE LOM, do not provide enough information related to
pedagogy or learning theories underlying the design of the
learning object [60]. In addition to this, SCORM [61], the
leading learning technology standard, does not provide
support for modelling of flexible learners. Rather, the
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learner model is static and hardcoded based on the single
point of view of the instructional designer. The SCORM
sequencing mechanism implies that learning content
should have static sequencing mechanism for all types of
learners, before delivering the learning content using any
learning management system. This static sequencing re-
flects a dominant of behaviourism learning theory. In con-
trast, according to modern theory of self-regulated learn-
ing, learners should have more control over the learning
process, and should be able to view the learning material
from different angles.

V.  PROPOSED LEARNING OBJECT SYSTEM BASED ON
SELF-REGULATED LEARNING THEORIES

Education research on learning styles and that on self-
regulated learning appear to be isolated from one another.
Self-regulated learning models that consider the diversity
of students’ learning styles have the potential to provide a
comprehensive understanding of the learning process [62].
A critical systematic review of learning styles theories
stresses the importance of future research on learning
styles to increase students’ awareness of their preferred
learning styles. This leads us to return to the metacogni-
tive component of self-regulated learning, which concerns
the importance of the learner’s awareness and ability to
control his/her cognition process. According to this com-
ponent, learning styles can be used to improve the meta-
cognitive process, which in turn enhances students’ moti-
vation and learning. In this way, the future research on
self-regulated learning and learning styles can interact to
provide a basis for empirical studies that can produce ped-
agogical recommendations for teachers and instructional
designers.

This study synthesises the contemporary educational re-
search to provide a greater understanding of the theory of
learning styles by placing it in the context of self-
regulated learning models. The result of this synthesis is a
pedagogical self-regulated learning framework with learn-
ing style as one of its main components. This framework
can be used as the basis for improving learning and teach-
ing in many disciplines. However, in the current research,
the framework is applied to improve the design of learning
object instructional technology in computer science edu-
cation.

A. System Components

Based on the proposed pedagogical framework, the cur-
rent study develops and evaluates a learning object de-
pository with self-regulated learning support.

Figure 1 shows the main components of the proposed
learning object system.

1) Learning Object Repository

The learning object repository is responsible for storing
the different learning objects that are designed to support
students in learning about programming languages con-
cepts. All the learning objects are stored in the repository

and tagged with relevant metadata to make it easy for stu-
dents to find them.

2) Learning Style Awareness Module

The objective of this module is to increase students’
awareness of their learning styles and their use of self-
regulated learning strategies. This module consists of an
initial assessment of students’ use of self-regulated learn-
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Figure 1. Learning Object System Components

ing strategies and the identification of students’ learning
styles.

A research instrument is used to measure students’ self-
regulated learning strategies. The learning strategies are
categorised based on the research on self-regulated learn-
ing. The Index of Learning Styles (ILS) is used in this
module to identify students’ preferred learning styles
based on Felder-Silverman’s learning style model. This
model describes the learner’s preferences based on four
dimensions, Sensing-Intuitive, Visual-Verbal, Active-
Reflective and Sequential-Global. Upon first login to the
system, the student is redirected to complete the learning
style assessment. After completing the assessment, the
module evaluates the responses and determines the stu-
dent’s preferred learning style. The module shows stu-
dents the result with a description and recommended
learning strategies to increase their awareness of their pre-
ferred learning styles. Students can access all learning
objects in the repository. However, the recommended
learning strategies consider the strengths and weaknesses
of students’ preferred learning styles.

3)  Self-Assessment Module

This module is responsible for generating self-
assessment questions that help students detect misconcep-
tions related to the programming languages concepts.
These self-assessments are associated with the learning
objects that are designed to help students overcome these
misconceptions. This module is also responsible for re-
cording each student’s self-assessment results in the self-
regulated learning record. Each assessment exercise is
linked to a specific misconception about programming
languages concepts. Learners are given instant feedback
after completing each assessment.

4)  Self-Reflection Support Module

Meta-cognition is the most important self-regulated
learning process that requires greater attention in online
educational environments. This module extracts infor-
mation from the analysis of students’ behaviours, which is
stored in the self-regulated learning record, and uses this
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information to help students develop self-reflection skills.
To detect a specific misconception, a number of questions
are developed and integrated into the self-assessment. The
self-reflection support module extracts information from
the results of self-assessments that are stored in the self-
regulated learning record to calculate the degree of mis-
conception related to a specific concept. In addition, when
a misconception is listed in the student’s self-regulated
learning record interface, the module shows information
on the proportion of students with this misconception.
This information is shown to the leaner to encourage
him/her to overcome these misconceptions. The learner
can view additional information on the possible reasons
behind these misconceptions and how to overcome them
by considering his/her learning styles.

The module also allows a student to view detailed in-
formation on his/her behaviour inside the system, includ-
ing the time spent on each learning object compared to the
time spent by other students and the results of the self-
assessment exercises.

5)  Self-Regulated Learning Record

The Self-Regulated Learning Record (SRLR) is a pro-
posed component that records the user’s interactions with
learning objects and other educational tools. With the ad-
vancement in educational technology, many intelligent
and interactive learning environments have been built. In
the learning technology standards, such as SCORM, the
LMS is responsible for the implementation of the SCORM
RTE to communicate with the SCORM-compliant learn-
ing object [63]. The self-regulated learning record pro-
vides an alternative approach for the communication be-
tween LMS and different types of learning objects. The
content of the self-regulated learning record can be ac-
cessed by any LMS or educational tool, which in turn
supports self-regulated learning.

In the proposed online learning object system, the
SRLR stores information related to the learner and the use
of learning objects. This information includes the follow-
ing:

* Time student spent on each learning object per ses-

sion.

*  The results of students’ learning styles and learning
strategies assessments.

*  The results of students’ self-assessments.
*  Students’ navigation behaviour in each session.

VI.  EVALUATION METHODOLOGY

This section describes the details of the research meth-
odology that was adopted to evaluate the educational ef-
fectiveness of the proposed learning object system. These
details include a description of the research participants,
design, and procedure. In addition, the instruments that
were used to collect the data are described. This section
concludes by describing the data analysis techniques used
to analyse the data and how the results were interpreted to
test the hypotheses and answer the research questions.

A. Research Design: Quasi-Experimental Study

The qualitative portion of the study follows a quasi-
experimental control group design with pre-tests and post-
tests [64]. The quasi-experimental design is the same as
the control experimental design except that the partici-
pants are not randomly assigned to the experimental con-
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ditions. Rather, intact convenience groups are used. This
design is commonly used in educational research due to
the difficulties associated with randomly dividing partici-
pants into groups. The quasi-experimental design is uti-
lised to determine the effect of the proposed educational
intervention on students’ academic achievement in the
experimental computer science course. The quasi-
experimental research design is used when it is difficult or
not possible to randomly divide the participants into two
or more groups. The quasi-experimental design was the
most suitable research design for the current study for
many reasons. The number of participants available each
semester is not sufficiently large to divide into groups. To
increase the sample size, participants were not randomly
divided into two groups; rather, they were divided by se-
mester to reduce the risk of a small sample size. In addi-
tion, withholding the online learning object system from
one group in the same semester would lead to some stu-
dents being disadvantaged. Students in the control group
might have jealous feelings towards those in the experi-
mental group. In addition, full control experimental de-
signs in which participants are randomly divided into
groups in the same course would result in an artificial
learning environment that does not represent students in
their typical learning settings. The quasi-experimental
design has advantages over the control experimental de-
sign, as it reduces the risk of an artificial learning envi-
ronment and, therefore, provides results that reflect learn-
ing that occurs in the natural environment. Coffield indi-
cated that “a move towards more controlled experiments,
however, would entail a loss of ecological validity and of
the opportunity to study complex learning in authentic,
everyday educational settings” [43].

B. Description of the Course and Participants

The participants in this study are students enrolled in
the programming languages and paradigms course at the
University of Newcastle, Australia, in the first semesters
of 2011 and 2012. The overall sample size was 62 stu-
dents: 34 in 2011 (control group) and 28 in 2012 (experi-
mental group).

The online learning object system is used and evaluated
in the course of Programming Languages and Paradigms.
A course that covers programming language concepts is
important for computer science and software engineering
students. This course is an integral part of any computer
science and software engineering program [65]. Pro-
gramming language concepts are presented by comparing
the features of programming languages, such as Java and
C++. In addition, several programming paradigms are
discussed and compared in the course.

The Programming Languages and Paradigms course at
the University of Newcastle is a compulsory second year
course for undergraduate students enrolled in the comput-
er science and software engineering programs. The course
follows a traditional teaching method that consists of
weekly lectures and workshops.

C. Data Collection Instruments

A number of data collection instruments were utilised
to address the research questions and test the hypothesis.
The instruments were used to collect both quantitative and
qualitative data.

1) Students’ pre- and post-tests
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The pre-test was given to students in the experimental
and control groups at the beginning of the semester and
before introducing the online learning object system to the
experimental group. The pre-test consists of questions to
help students refresh their knowledge about several ob-
ject-oriented concepts and data structures and how to ap-
ply them to solve a real-world problem.

2) Students’ Satisfaction Questionnaire

This instrument is an online questionnaire that students
complete to evaluate the educational effectiveness of the
entire learning object system at the end of the semester.
This instrument includes questions about students’ percep-
tions of the educational effectiveness of the online learn-
ing object system. The questionnaire utilises a 7-point
Likert scale, with 1 representing strongly disagree and 7
representing strongly agree. The questionnaire consists of
dimensions that are related to a specific feature of the
online learning object system. Each dimension has a num-
ber of questions. The first dimension measures students’
satisfaction with the learning style awareness module. The
second dimension measures students’ satisfaction with the
effectiveness of the features provided by the system to
support students in self-monitoring their learning and self-
reflecting on their learning experience. These features
include the self-assessments, feedback provided by the
system, information about the misconceptions students
may have and their behaviour inside the system.

3) Self-Regulated Learning Record

The proposed system automatically logs all student ac-
tivities in terms of the use of different self-regulated learn-
ing strategies. This includes the frequency of using specif-
ic resources available through the self-regulated learning
online environment. The data collected through the log
files is used to support the result of the quantitative data
collection methods to determine the use of different self-
regulated learning strategies by students with different
learning styles. This method of data collection supports
the result from the self-report questionnaire on students’
use of self-regulated learning strategies.

D. Method and Procedure

The study was conducted in two consecutive phases
(Figure 2). In the first phase (first semester 2011), the con-
trol group did not receive intervention and were taught
using the traditional instructional approach. In the first
week, students were given an information statement that
described the research objectives and invited them to par-
ticipate. Those who agreed to participate signed a consent
form that indicated that they were willing to participate in
the research study as described in the information state-
ment. Then, the Index of Learning Style (ILS) was admin-
istered to students who signed the consent form to identify
their preferred learning styles. In addition, the Self-
Regulated Learning Strategies Questionnaire was adminis-
tered to students to measure the level of use of different
self-regulated learning strategies.

In the second phase (first semester 2012), the experi-
mental group received the online learning object system as
an educational intervention to aid in developing self-
regulated learning strategies while studying the course
material. The Index of Learning Style (ILS) and meas-
urement of the use of learning strategies were given to the
students at the beginning of this phase using the same
questionnaires that were used in first phase. However, in
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the second phase, additional research instruments were
used to measure the educational effectiveness of different
aspects of the research intervention. These include trace
logs to record students’ interactions with the online learn-
ing object system and open-ended qualitative comments.

VII. RESULTS AND DISCUSSIONS

The first step to evaluate the educational effectiveness
of the intervention is to report descriptive statistics that
describe the academic performance of the students in the
control and the experimental groups. The second step is to
perform hypothesis testing. This is the formal procedure
used by statisticians to accept or reject hypotheses. The
statistical level of significance (a) is set to 0.05 for hy-
pothesis testing. The analysis also evaluates the influence
of students’ learning styles and level of self-regulated
learning on their academic performance in both groups.
An analysis of students’ behaviour in the online learning
object system was also conducted.

An analysis of covariance (ANCOVA) was used to
measure the difference between the control and the exper-
imental group while taking into consideration pre-existing
differences between the two groups. Table I shows de-
scriptive statistics of the post-test scores for students in
each experimental condition.

TABLE L.
DESCRIPTIVE STATISTICS FOR THE POST-TEST SCORES
Group N Min Max Mean SD
Control 34 23 89 55.15 15.94
Experimental 28 27 94 65.32 19.50

In the control group, the mean final exam score was
55.15, while it was 65.32 in the experimental group. To
test whether this difference is statistically significant, a
one-way analysis of variance (ANCOVA) was used. The
following hypotheses were formulated:

Hy: there is no significant difference in the final exam
scores between the control and the experimental group.

H,: there is a significant difference in the final exam
scores between the control and the experimental group.
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The independent variable is the medium of instruction,
which consists of two levels, traditional or intervention.
The dependent variable is students’ achievement scores on
the final exam. Students’ scores on the pre-test were con-
sidered as the covariate in the ANCOVA to control for the
pre-existing differences between the control and the ex-
perimental group. The result of the ANCOVA test is pre-
sented in Table II.

TABLE II.
THE RESULT OF THE STATISTICAL TEST FOR THE FINAL EXAM SCORES
COMPARISON

ANCOVA test for between-groups effect

Group N Mean SD F(1,59) p
Control | 34 55.15 15.94 9.834 0.003*
Experimental 28 65.32 19.50

The result of the ANCOVA was significant (Table II)
(F =9.287, p=0.003 < 0.05). Based on this result, the null
hypothesis was rejected and we accepted the alternative
hypothesis that the difference in the mean final exam
scores between the experimental and control group is sta-
tistically significant. Students in the experimental group
(M=64.93, SD=19.27) significantly outperformed those in
the control group (M=55.15, SD=15.94) on the final exam
after considering the pre-test scores as a baseline for both
groups. Thus, regardless of the pre-existing difference in
students’ achievement on the pre-test between the study
groups, the online learning object system had a statistical-
ly significant positive effect on the final exam scores of
the experimental group.

A. Analysis of Navigation Behaviour

In this section, an analysis of students’ behaviours in-
side the system is presented. To study students’ behaviour
inside the system, trace analysis of students’ navigation
behaviour was conducted using the information recorded
in the self-regulated learning record. First, a comprehen-
sive review of the relevant research on students’ behav-
iour inside web-based systems, especially research related
to web usage mining, was conducted. The navigation to-
pology proposed by Canter, Rivers, and Storrs [66] was
used as a starting point. Based on the self-regulated learn-
ing model used in this study, we proposed a navigation
behaviour analysis method to classify learners’ self-
regulated learning behaviour.

A number of navigation behaviour patterns were ob-
served. We conducted further analysis only on the patterns
that were followed frequently. These patterns were cate-
gorised as follows:

Browsing: this behaviour implies that students’ jump
between different pages inside the system in the same
session without spending more time on the learning ob-
jects or their self-regulated learning record.

Unplanned view of learning objects: this behaviour
implies that students view learning objects that are most
likely not related in the same session. Students who
adopted this behaviour typically did not complete a self-
assessment after viewing the learning object.

Inefficient use of self-assessments: this behaviour im-
plies that the student tends to take self-assessments for
different topics in the same session without or with a lim-
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ited view of learning objects and their self-regulated learn-
ing record inside the system.

High level of meta-cognition: this behaviour implies
that students tend to follow a navigation path that is con-
sistent with the self-regulated learning model. They tend
to view their self-regulated learning record at the begin-
ning of each session, then view learning objects related to
one topic only, complete self-assessments and spend time
reading the feedback after submitting the self-assessment.
They also tend to make decisions based on their results in
the self-assessments, such as viewing learning objects
again and then completing the self-assessment again.

The number and proportions of students who frequently
adopted each navigation pattern is presented in Table III.
More than half of the students (52%) adopted a behaviour
pattern that reflects a high level of meta-cognition inside
the online learning object system. Of the students, 20%
showed a tendency to adopt navigation behaviour that
reflected inefficient use of the self-assessment exercises
and 14% frequently adopted a behaviour that reflected
browsing behaviour or unplanned view of learning ob-
jects.

TABLE III
NAVIGATION BEHAVIOUR PATTERNS
Navigation behaviour pattern | Number of Percentage
students (%)
Browsing 4 14%
Unplanned view of learning 4 14%
objects
Inefficient use of self- 6 20%
assessments
High level of Meta-Cognition 15 52%
Total 29 100%
B. Students’ Satisfaction
TABLE IV.
THE RESULT OF STUDENTS' SATISFACTION QUESTIONNAIRE

Dimension Mean SD
Students’ satisfaction with the education effec- 5.76 0.37
tiveness of learning objects
Students’ satisfaction with the learning style 5.55 0.93
awareness module
Students’ satisfaction with the usefulness of the 5.37 0.51
self-regulated learning record
Students’ satisfaction with the rich metadata 6.12 0.51
O\{erall satisfaction with the idea of learning 551 038
objects

At the end of the semester, the final feedback question-
naire was made available online inside the learning object
system. This questionnaire measured students’ degree of
satisfaction with the learning object system. The satisfac-
tion questionnaire consists of a number of dimensions;
each measures students’ satisfaction in terms of their per-
ceptions about a specific feature of the online learning
object system. Nineteen students completed the question-
naire at the end of the course. The result of students’ re-
sponses to the questionnaire is presented in Table I'V.

This section summarised the analysis of students’ re-
sponses to the questions related to each dimension in the
questionnaire. Each dimension consists of a number of
questions. Students responded using a 7-point Likert scale
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ranging from 1 (strongly disagree) to 7 (strongly agree).
The average responses were calculated for each dimen-
sion. As shown in Table IV, the average responses range
from 5.37 to 6.12. This indicates that students had positive
attitudes towards the educational benefits of all the fea-
tures of the learning object system.

The first dimension measured students’ satisfaction
with the learning objects in terms of their perceptions
about the educational effectiveness of the learning objects
in supporting their self-regulated learning. The overall
mean of the responses in this dimension was 5.76, which
shows that students agreed that the learning objects were
educationally effective for them. This indicates that stu-
dents had positive perceptions toward using these learning
objects; they perceive them as useful to support their self-
regulated learning.

The second dimension of the questionnaire measured
students’ perceptions towards the learning style awareness
module. The average responses of this dimension was
5.55, which indicates that the majority of students strongly
believed that the online learning object system had cor-
rectly identify their preferred learning style and the sys-
tem’s recommendations and guidelines were useful and
easy to follow. Thus, many of them will be aware of their
learning styles in their future studies. The result indicates
that the system helped students gain awareness of their
learning styles. This awareness will aid their self-regulated
learning in utilising the strength of their learning styles
and overcoming their weaknesses.

The third dimension of the questionnaire measured stu-
dents’ satisfaction in terms of perceptions about the self-
regulated learning record, which was used in the system to
help students monitor and control the self-regulated learn-
ing process. Table IV shows that the average responses in
this dimension was 5.37 the majority of students agreed
that the self-regulated learning record, which was used to
record students’ interactions with learning objects, infor-
mation related to their misconceptions and indicators of
their progress, was educationally effective.

The fourth dimension measured students’ perceptions
of rich metadata that were used inside the system to de-
scribe computer science learning objects. As shown in
Table IV, this dimension has the highest average respons-
es among the other dimensions in the questionnaire (6.12
out of 7). The metadata tagged learning objects with key-
words to make it easy for students to locate them. The rich
metadata also provided summary information about the
learning object before viewing the content of the learning
object. The result shows that students strongly consider
this feature to be very useful to support them to find ap-
propriate learning objects inside the system.

The last dimension measures students’ overall percep-
tions of the idea of using online learning object systems to
support self-regulated learning. The result shows that the
average responses in this dimension was 5.51. According
to this result, nearly all students strongly supported the
idea of applying online learning object systems to other
computer science courses.

VIIIL.

This study has a number of implications on learning
theories, computer science education, and learning object
instructional technology.

IMPLICATIONS OF THE RESULTS
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A. Research on Learning Styles and Self-Regulated
Learning

The main implication of the study to this area is that re-
search on ‘learning styles’ and ‘self-regulated learning’
should not be isolated from each other. The traditional
research on learning styles focuses on identifying stu-
dents’ preferred learning styles. Then, based on results,
students are labelled and linked to specific scenarios or
learning paths. Modern research on learning styles should
overcome this view by determining how to encourage
students to be more self-regulated learners, who adapt to
different learning situations and control and monitor the
learning environment to be compatible with their learning
styles and preferences. Moreover, traditional research on
learning styles assumes that students learn better when
they are exclusively exposed to learning materials that are
compatible with their learning preferences and learning
styles. This approach is effective, but care must be taken
not to ignore students’ weaknesses associated with their
preferred learning styles. An alternative approach is to
increase students’ awareness of the strengths and weak-
nesses of their preferred learning styles and help them
systemically use this knowledge to improve their self-
regulated learning process.

B. Support for Self-Regulated Learning in Computer
Science Learning Materials

The research reported in this thesis contributes to
changes to the design process for computer science learn-
ing materials to support self-regulated learning. The pro-
posed pedagogical framework can serve as a guideline to
help computer science educators evaluate their existing
instructional materials. Computer science students tend to
have preferred learning styles that are likely to receive
inadequate attention in teachers’ design and delivery of
the learning materials. Teachers seem to have preferred
learning styles that mismatch with students’ learning
styles. Therefore, it is likely that teachers will prepare and
deliver course materials in a way that supports some stu-
dents (i.e., those whose learning style aligns with the
teachers’ learning style) more than others. Moreover, the
pedagogical framework emphasises the importance of
improving students’ metacognitive skills by incorporating
more features into the learning material, such as self-
assessments with instant feedback, and self-reflection
support. Appendix A provides an evaluation instrument
that comprises metrics that assist educators to evaluate
how well their learning materials support different learn-
ing styles and other components of self-regulated learning.

C. Standards and Pedagogical-Based Design and
Delivery of Learning Materials

This thesis investigated the potential benefits of design-
ing computer science learning materials based on the con-
cept of learning objects. These benefits include standardi-
sation of the process of design and delivery of learning
materials. This ensures that computer science learning
materials are designed based on the state-of-the-art in
learning technology standards, which then provides in-
teroperability between different learning environments
(e.g. learning management systems). Moreover, user in-
teractions with learning objects, including the results of
self-assessments and misconceptions, can be recorded in a
standard way and therefore can be available for research-
ers and instructional designers. In addition, the concept of
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learning objects can make it easy for students and educa-
tors to reuse learning materials due to the availability of
metadata that follow learning technology standards.
Metadata standards can be extended by developing an
application profile that is consistent with the terms and
vocabulary used in computer science curricula without
compromising the original metadata scheme. Additionally,
the concept of learning objects makes it easier to embody
learning theories into the design and delivery of learning
materials. This can be achieved by using design templates
that help educators and instructional designers integrate
important aspects of learning theories into the instruction-
al design process.

IX. CONCLUSIONS

This paper presented the result of an empirical study
that evaluated the educational effectiveness of an online
learning object system to support the self-regulated learn-
ing of programming languages concepts. The system was
designed based on a pedagogical framework that was
adopted to improve the design of learning object reposito-
ries. The result of the study revealed that the learning ob-
ject system is an effective intervention in supporting stu-
dents as self-regulated learners. This was also reflected in
the results of the students’ satisfaction questionnaire,
which showed that the students had positive perceptions
of the features of the system.
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