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ABSTRACT— Teaching programming is a challenging task because of the need to successfully incorporate both the
theory and the application of programming concepts. In addition, learners differ in their characteristics such as knowledge
level and learning style. As a result, there is a necessity in supporting different characteristics of learners. This paper
proposes a specific approach based on learning style to enhance the learning of programming, and a virtual learning tool
is designed based on the approach. The approach takes into account a widely used mode! of learning style called Kolb’s
Experiential Learning Cycle. An initial investigation of perceived usability of the tool is also provided. The tool is highly
usable, and the approach could be particularly useful in lab-based learning of programming. Furthermore, the approach
has a potential to be applied in different contexts for other courses such as cybersecurity and artificial intelligence.
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INTRODUCTION

Computer programming is often considered a core module
in computer science programs. However, teaching computer
programming is a challenging task. In a traditional setting,
the complexity of teaching computer science courses in
general, and computer programming courses in particular,
arises from the requirement of combining theoretical
concepts with applications and examples [1], [2]. Another
source of difficulty stems from the requirement to meet
different requirements of all learners in both classroom and
lab-based learning.

Traditional approaches in teaching programming may not
well support different needs of learners. They usually
provide the same material and the same presentation of
learning material irrespective of the characteristics of
learners - such as their knowledge, abilities and learning
style. Furthermore, an independent approach of studying
taken by learners may lead to poor decisions on what and
how to study. In addition, pedagogical aspects when
teaching programming need to be carefully considered;
teaching programming should follow well-defined
instructional design models [1].

Several instructional approaches have been proposed in
computer science in order to make the educational process
more effective and to meet the needs of learners.
Adaptation of learning material based on knowledge and
learning style has been the subject of intensive research in
online learning [3]. For example, SQL-Tutor is an
intelligent e-learning system that customizes the sequence
of SQL lessons based on the knowledge level of learners
[4]. An approach that takes into account the learning style
in order to provide instructional recommendations to
learners has also been represented by the eTeacher system
for teaching artificial intelligence [5]. The Protus system
combines knowledge level and learning style to personalize
learning material for teaching programming [6]. Similarly,
the AdaptLearn system integrates learning style to teach
computer security; an experiment was also conducted and
produced significant results about learning gain and
satisfaction of learners [7].

The deployment of these systems, among others, has
produced promising results in enhancing learning and the
satisfaction of learners for different computer science topics

[8].

However, few attempts have been made in incorporating
learning style of learners in traditional learning in both
lecture-based and lab-based learning. Furthermore,
adapting learning material according to learning style is still
a controversial issue; it is not always evident how to
provide adaptation based on learning style [9]. These issues
need to be addressed in order to make computer-
programming education more effective.

This paper presents a specific approach based on learning
style to enhance learning of programming. The approach
takes into account a widely used model of learning style
[10]. The model takes into account different phases that
support different abilities of learners when teaching
programming. An experimental evaluation of perceived
usability of a learning tool implemented based on the
proposed approach is also given.

The next section provides the theoretical foundations of this
research. Section Il gives an outline of the proposed
approach. Section IV outlines the evaluation method.
Section V presents the results of the experiment. Section VI
offers a critical discussion of the work and draws some
conclusions.

Il.  LEARNING STYLE

Learning style is defined as ‘“characteristic cognitive,
affective, and psychological behaviors that serve as
relatively stable indicators of how learners perceive,
interact with, and respond to the learning environment”
[11]. Several studies have emphasized the importance of
learning style in order to improve learning [11, 12]. More
importantly, it is argued that computer science education
should support many different learning styles [13].

Kolb has pointed out that knowledge results from the
interaction between theory and experience, and proposed a
learning model called Kolb’s Experiential Learning Cycle
[10]. The model suggests that learning is conceived as a
cyclical process of four steps as shown in Figure 1.
According to the model, learners must go through and be
able to effectively recall, understand and apply the learning
concepts. Moreover, by applying this model, different
learning styles of learners can be accommodated.
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Figure 1. Kolb’s Experencial Learning Cycle.

Kolb’s model emphasizes four stages of learning to support
different abilities of learners for effective learning. The
four stages of the model are listed as follows:

e Concrete experience.

o Reflective observation.

o Abstract conceptualization.

e Active participation.

An individual should be able to carry out a specific action
and then observe the results of the action in a particular
situation or context (concrete experience).

The ability to review and reflect upon what has been
completed and experienced without task involvement is
important (reflective observation).

The learner should also be able to interpret the learning
events that have been observed and to understand the
relationships between the events’ factors (abstract
conceptualization).

The fourth ability is concerned with the application of what
is known in a new context or situation (active
participation).

The next section provides the proposed approach based on
this model and offers a specific scenario to illustrate how
the model can be used.

I1l. THEPROPOSED APPROACH

The proposed approach takes into account the four stages in
Kolb’s model (concrete experience, reflective observation,
abstract conceptualization and active experimentation) in
order to enhance learners’ learning outcomes and interest.
The application domain of this approach is related to
computer programming. Learners in this approach follow a
specific sequence of learning activities to grasp and
understand the concept of programming being introduced.
The initial activities are based on the concrete experience
stage. Learners perform a specific task with detailed
instructions on writing a simple program related to the
programming concept. This can give the learners direct
experience while performing the task and writing the
program.

In the next stage, reflective observation, activities are
designed to support thinking and analysis abilities of
learners. For example, learners are asked to answer how the
program works after execution, what is the output of the
program and what would happen if a modification to the
program were performed.

More activities are also designed following the abstract
conceptualization stage. Learners at this stage should
formulate a hypothesis and understand the theoretical
background of the programming concept that was
performed and reflected upon in earlier stages.

Then, in the active experimentation stage, learners should
apply the concept by solving different problems and try out
another concrete experience without giving them procedural
steps on how to solve or perform the task. In other word,
learners should complete a new task or solve a
programming problem without detailed instructions.

To illustrate, assume that the programming concept being
taught is IF-statement in a programming language. The
stages of delivering and teaching this concept are shown in
Figure 2.

In the first stage, a programming task with detailed
instructions on writing a specific program using IF-
statement. Learners do not need to think about how to solve
the problem but rather they should obtain the essential
experience when writing such a program that uses IF-
statements.

Once learners complete the task and have initial concrete
experience, learners are asked to think about and analyze
the components of the program, how IF-statements are
written and how they work besides interpreting the output
of the program. This is to support the reflection and
observation abilities of learners. Then, learners need to
draw a flow-chart diagram of the program, analyze the
syntax of the IF-statement and then propose the generic
syntax that can be used in different scenarios and problems.
In the final stage, learners should be given specific tasks to
solve other problems that require the use of IF-statements.
These tasks should not contain detailed instructions. This is
to allow learners to map the experience they encountered
with the theory they grasped at earlier stages.

A virtual learning tool was then designed based on the
proposed approach. It is a Web-based tool implemented
using PHP, JavaScript and MySQL, and can be accessed
through any Web browser. Each student has a profile, and a
number of Java programming lessons were created. The
student studies the lessons based on that proposed teaching
approach through the learning stages.

IV. METHOD

Usability is an issue that demands investigation since an
adaptive learning system may be effective in enhancing
learning but can also be difficult to use [14, 15]. Zaharias
and Poylymenakou state that “very little has been done to
critically examine the usability of e-learning applications”
[16]. Therefore, the perceived usability is an important
factor and is used to evaluate the virtual learning tool. The
factor of perceived usability relates to the ease of use and
learnability of the virtual learning tool reflecting the extent
to which learners are satisfied with the interaction
experience. It is expected that a high level of perceived
usability when interacting with the tool leads to more
satisfied, engaged and motivated learners which could
reflect on their learning achievement [16, 17].

Perceived usability is measured by using the system
usability scale (SUS) questionnaire [18], a quick, reliable
and widely used test of system usability in both academia
and industry [19]. SUS has 10 questions, each offering five
responses with anchors ranging from “strongly disagree” to
“strongly agree”. SUS provides a single score on a scale
that is easy to understand to measure overall usability. The
score ranges between 0 and 100; the higher the score, the
better the usability. Satisfactory systems should have a
score between
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Figure 2. A scenario to teach the concept of IF-statement
based on the proposed approach.

70 and 80, while a score higher than 90 indicates an
exceptionally  usable  system [20]. The 10
questions/statements of the SUS tool are as follows [18]:

I think that | would like to use this system frequently.

| found the system unnecessarily complex.

I thought the system was easy to use.

I think that I would need the support of a technical

person to be able to use this system.

o | found the various functions in this system were well
integrated.

e | thought there was too much inconsistency in this
system.

¢ | would imagine that most people would learn to use this
system very quickly.

o | found the system very cumbersome to use.

o | felt very confident using the system.

o | needed to learn a lot of things before I could get going

with this system.

An experiment was conducted through three learning
sessions of about 90-120 minutes each at the University of
the Hail, Saudi Arabia. Participants were informed of the
experimental procedure. Then, they randomly assigned to
the controlled group and the experimental group. In the
control group, learners were asked to learn through a
traditional learning tool; participants in the experimental
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group interacted with the adaptive version of the tool based
on learning style according to the proposed approach. Both
groups studied the same learning material, and the
difference is the material delivery approach. The learning
material relate to Java Programming, the application
domain of the tool. The material were mainly designed for
beginners who have no prior experience in Java. They
consisted of four main units: overview, basic syntax,
variables and control flow. At the end of the learning
session participants completed the usability questionnaire
using SUS.

V. RESULTS

The experiment was conducted with 40 participants, 20
males (50%) and 20 females (50%). All participants
completed the three learning sessions. The control group
consisted of 20 participants, and the same number of
participants were assigned to the experimental group. The
two groups were also balanced in terms of the number of
males and females.

The perceived usability results indicated that the average
score of the experimental group is 78 while the average
score for the controlled group is 69.25. This may imply that
both tools (the traditional version and the adaptive version)
are useful and valuable in teaching programming, and the
participants found them easy to use.

As to related work, Shi et al. recently developed an adaptive
social e-learning system called Topolor and examined its
usability using the same tool as employed in this
experiment; the overall average score of usability was 75.75
[21]. Cristea et al. also compared three different adaptive e-
learning systems using the same tool called MOT,
WHURLE and MOT2WHURLE; their usability scores
were 75, 66.6 and 60.70, respectively [22].

The usability of the designed adaptive version based on the
proposed approach to teach programming is better than the
usability of those systems as it scored 78 and even better
than the traditional learning version used in this experiment
which was designed primarily to investigate perceived
usability.

VI. CONCLUSION

This paper presented a specific approach in teaching
programming based on a widely used learning style model
called Kolb’s Experiential Learning Cycle. The paper also
offered a specific scenario in how to apply the model for
teaching programming. By taking into account the model,
learners can have different abilities that are required to
understand, recall and apply programming concepts.
Although the application area of the model is related to
computer programming, the model can be beneficial in
other computer science courses such as databases, computer
security and artificial intelligence. An experimental
evaluation of perceived usability of a virtual learning tool
implementing the proposed approach has also been
conducted. The results indicated that the adaptive version of
the tool based on learning style is more usable than the
traditional version of the learning tool.

Regarding the learning model used, it may be criticized for
assuming that learning always occurs in linear and ordered
steps and for failing to explicitly integrate social and
cultural aspects of learning [10]. However, social and
collaborative learning can be incorporated in the reflective
observation stage. Learners can collaborate and work as
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groups to think about and reflect upon the programming
problems. Also, the model has been successfully integrated
in an adaptive learning system for teaching computer
security [1]. The findings of the study revealed significant
improvement to learning outcomes and learning satisfaction
of learners. This works differs in applying the Kolb’s model
in for another domain which is computer programming.
Future work will involve the creation and development of
learning materials that support a complete computer-
programming course. The learning material will then be
validated by domain experts to ensure their quality and their
suitability to be mapped to each stage of Kolb’s model.
When that phase is completed, an experimental evaluation
of the approach will be conducted. The experiment will take
into account a number of variables including learning
outcome, learner motivation and satisfaction to confirm that
the proposed teaching approach enhances learning.
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