THE EFFECT OF VISUALIZING ROLE OF
VARIABLE IN OBJECT ORIENTED
PROGRAMMING UNDERSTANDING

Mabroukah Amarif and Sakeenah Ahmed

Department of Computer Sciences, Sebha University, Sebha, Libya

ABSTRACT

The role of any variable is interpreted as the required task or performance of it in any part of a
program. This role contributes to the easy understanding of the program and thus formulates it
clearly and unambiguously. Many novice programmers face various difficulties in
understanding programming, especially Object Oriented Programming. This research adopts
the design of a visualization tool which includes visual model that shows the role of the
reference variable (an object) within a Java program to enhance comprehension understanding
for novice programmers. The model enables them to interact and thus formulate an object-
oriented program in an intuitive and clear way. Based on the actual experimentation, the
effectiveness of this model is improved and the importance of this research in the field of object
programming is demonstrated.
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1. INTRODUCTION

The concept of the role of variable is a modern in view with respect of the lack of sufficient
known about it. In the last decade, it has been used to facilitate and improve programming
education [1, 2]. It is an educational implement distinct style, if used properly, to clarify the
structure and meaning of the program [3]. The roles of variables contribute to the outputs of the
program, indicating the achievement of the program goal or the whole system [4]. Sajaniemi et al.
stated that the role of the variable certainly provide novice programmers with a new conceptual
framework that enables them to rationalize and mental processing their programs in a way similar
to understanding of a good code, they also stated that the role of any object-oriented variable can
be defined by its properties and behavior during the program [5, 7].

Regarding of the view of experienced programmers, it was observed that their knowledge is
implicitly embodied in the cognitive structures or diagrams structures for any program [2], while
the new or novice programmers often find it difficult to understand a program question because
they are unable to identify a variable or more, or sometimes they couldn’t understand the
difference between one variable and another [3, 6]. The reason lies in their inability to visualize
the desired role of the variable that is determined in the program.

The variable has a dynamic property. In other words, it contains a value and then contains another
value, thus successive values obtained (variable behavior). Therefore, it is called a variable that is
characterized by a change in its value in any part of the program as required.
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Looking at the object oriented programming languages; many novice programmers face many
difficulties, especially in the process of correctly formulating the program [4, 7, 8]. It is realized
that the most difficult part lies in the ambiguities of the variables analysis.

The data structures description of procedural programming are assigned to the programmer in
terms of their inclusion, logical compilation, data types and functions, while in the object-oriented
programming languages, a lot of language structures are part of the same language, which is
ready and suitable for the formulation of large programs and delivered by a team of programmers.
In fact, object oriented programming is an influential and effective model at present time. It’s
special because they have a range of tools and techniques that enable software engineers to build
reusable software systems that meet user needs. The most important of these tools are class and
object which used as a storage of data and operations on them through the exchange of messages
between the program and objects and between objects themselves rather than functions call which
found in procedural programming languages. In the other side, these tools may overwhelm the
initial programmer because of their large numbers, or the difficulty of dealing with them in
principle.

In this paper, we describe our developed tool called LearnOOP for teaching/learning OOP Java
programming language. The tool development adopts the role of variable concept and visual
forms to reflect the behaviour of variable and its roles. We also describe our experience as an
experimental procedure and evaluate the developed tool using empirical evaluation approach. The
following section describes the most related works to our paper while section 3 explains the
developed tool description. Experimental procedure and results are described in section 4. A
discussion of this paper is explained in section 5 and the conclusion is provided in section 6.

2. RELATED WORK

According to our currently search and based on what we found, a few tools have been developed
for teaching/learning programming languages. Some of them adopt role of variable concept such
as PlanAni [9] and ViLLE [10,11], others are not, such as OOP-ANIM [12] and Jeliot [13,14,15].
PlanAni and ViLLE tools are used for procedural programming understanding while OOP-ANIM
and Jeliot are used for object oriented programming comprehension. Moreover, the animation and
visualization techniques have been adopted in all of these tools but in different ways. Only
PlanAni tool visualizes the role of variable from a real world component, for example; counter
variable is visualized as a step foot.

ViLLE tool gives a description of role of variable in text-based form. It explains the changing
values of variable at each stage of program executing.

Although the OOP-ANIM and Jeliot tools explain the object oriented programming concepts,
none of them include the concept of role of variables. OOP-ANIM uses UML diagrams as a
visual form of program parts, in the other side; Jeliot tool uses boxes and text form for program
executing visualization.

Different studies have been carried out for evaluating these tools to know how much does role of
variable concept effect in learning and understanding. From the literature, Sajaniemi et al. have
conducted various studies [1, 3, 5, 7, 9]. Their results showed a positive effect of roles of
variables in understanding of programming languages. They also agree that the concept of role
must be enhanced by visual description that reflects the reality of its behavior.
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Another research has been carried out by Shi et al. [6]. They considered the visualization and
animation effects of role of variable in building a novice program. They carried out an experiment
on 55 students of computer sciences. They divided the students into two groups; the first learning
group learned programming in the traditional way based on the role. The second group learned
with the support of PlanAni tool based on the visualizing roles of variables. Their data analysis
showed a general improvement of the level of SOLO and high approval for the second group.

Al-Barakati et al. have conducted an experimental study [17]. They used a PlanAni tool to teach
students an introductory programming course. Their results showed in scores on a post-test used
to evaluate the effect of visual role of variable in understanding with 91 students divided into
three groups. The results showed that the visual role of variable groups significantly
outperformed the non visual group.

A case study have been carried out by Rajala et al. [10] on ViLLE tool focusing on the
effectiveness of visualization of role of variable on learning basic programming concepts. They
were randomly divided students into two groups. The control group used traditional textual
material during the course, while the treatment group used the same material extensively with
interactive examples using the ViLLE tool. The study found that the ViLLE tool improves student
learning without prior programming experience. They also found that ViLLE tool benefit novice
learners more than learners who have some previous experiences.

Various studies have been carried out using Jeliot tool during the development of the tool
versions [15, 16]. Regarding of learning with visualization and animation within the program
execution, the results show positive effect. They also concluded that the educational tool must be
incorporated into classes and assignments rather than once used as an aid in teaching.

Although there are tools in object programming for increasing students’ understanding, they lack
of the concept of variables roles and if variable roles are included, they still need to be visualize
for enhancing students’ understanding. All of these motivate us to propose and develop our own
tool which adopts the visualization of variables roles using real world objects for more students’
perception and understanding of OOP java language.

The main goal of this paper is to justify the positive effect of visualizing the role of variable in
OOP Java programming understanding through our developed tool called LearnOOP and evaluate
quantitatively the effectiveness of it. For the purpose of this paper, effectiveness refers to the
ability of this tool in enhancing student’s perception and understanding. This goal is evaluated
using an empirical evaluation approach (traditional teaching without a tool vs. using LearnOOP
tool). The question is, “Is teaching using LearnOOP tool which includes the visualization and
animation of role of variables more effective than traditional teaching medium?”.

3. LEARNOOP TOOL DESCRIPTION

LearnOOP is a tool used for teaching/learning Java OOP programming language. It contains the
description of object and how being created from a special class. It adopts the role of variable
concept through an object description and different opeartions on it. The decriptoin of object is
given by visualization and animation of his attribues and behaviour. The tool includes various
examples of objects from the real world to increase the ability of undersanding OOP. For an
example; an object carl is created from a class Car. Figure 1 shows the interface of the tool and
the object carl example.
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Figure 1. LearOOPTool user interface

4. LEARNOOP TOOL EVALUATION

We carried out an experiment consists of 40 students of the same lesson taught to the
undergraduate Computer Science in Java Programming I (OOP) course at Sebha University of
Libya during the semester I of 2017-2018 year. The students never studied OOP before. The
experiment was conducted in two stages where each stage uses a different learning medium
approach; the first stage uses only text-based materials (no visualization and animation of roles of
variables), in the second stage, we divide the students into two groups randomly. Each group
consists of 20 students. The first group called the control group which continuous in traditional
teaching way while the other uses LeanOOP tool (visualizing role of variable concept). The
students will be given a same test throughout the two stages. They are allowed to improve their
answer after each stage. The results of the tests after each stage of the medium approach are
compared.

The same topics of the lessons are given during all of the two stages. These topics are: class and
object concepts, operations on object such as create, delete, copy, display, and modify object
attributes. It also covers the inheritance lesson.

In this experiment, the tool SPSS [18] is used to statistically evaluate the effectiveness of
LearnOOP tool using t-test and p-value.

4.1. Experimental Procedure

A total of 40 students participated in the experiment. The students are second year of Computer
Science students (undergraduate students) at Sebha University of Libya. We follow the pre-test to
post-test accuracy [19, 20] in order to evaluate the effectiveness of LearnOOP tool. At the first
stage, all of the students were given the same lesson using traditional teaching medium followed
by a pre-test. At the second stage, the students were divided into two equal groups randomly; the
first group continuous with traditional teaching medium and the second group were introduced to
LearnOOP tool followed by a post-test for both groups.
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The experiment was controlled by delivering the same lessons to all of the students by the same
teacher during one semester long. The semester was divided into two equal stages of time. In the
first stage, only text-based materials were used during the lesson time with the help of electronic
slides. At the end of the stage, the students were given a pre-test of three OOP questions with a
time limit of one hour to answer them.

In the second stage, after the pre-test, students were divided into two equal groups; group A and
group B. group A continued with traditional teaching medium. group B introduced to LearnOOP
tool and to its visual interface. They were asked to experiment with some examples of real world
objects such as Car, Employ, Television, Book and Account. They were also asked to experiment
with the concepts of class and object, operations on objects and inheritance. At the end of the
session, both groups were given a post-test of different OOP questions regarding of the same
objects with a time limit of one hour to answer them.

To control the tasks performance, the students were not allowed to consult books or use any
materials. Then the results of pre-test and post-tests were compared.

4.2. Experimental Results

To determine the effectiveness of LearnOOP tool, a pre-test and post-test accuracy is used. Table
1 describes the students’ scores of group B for the pre-test before using LearnOOP tool and post-
test after using LearnOOP tool. Notice that the maximum score for each student is 15.

Table 1. The students’ scores (group B) of pre-test and post-test

No. Pre-test scores Post-test scores
Without a tool Using LearnOOP tool

1 2 10
2 2 11
3 5 12
4 5 12
5 2 11
6 2 10
7 11 14
8 2 9
9 1 4
10 3 7
11 2 10
12 2 9
13 4 12
14 1 7
15 2 10
16 2 10
17 1 4
18 1 4
19 3 7
20 1 4

total 54 177

The means (averages) of students' scores of pre-test and post-test are calculated. Table 2 describes
the means values of the group tested.
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Table 2. The students' scores means of pre-test and post-test (group B)

Time Treatment No. Mean
Sebha University Without a tool 20 2.7
Using LearnOOP tool 20 8.85

According to the chart analysis of the means values, it’s clear that the mean value using
LearnOOP tool is higher than the mean value without using the tool. Figure 2 explains the idea.
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Learning Medium

Figure 2. The means of the students’ scores (group B)
The adopted statistical analysis of this experiment is that:

e Null Hypothesis (Hy ): the conducted hypothesis is that there is no difference in the mean
of pre-test and post-tests scores. In other words, the pre-test and post-tests scores will
have equal means.

e Alternative hypothesis (H; ): the alternative hypothesis is that there is at least one
difference in the mean of the pre-test and post-test scores in the group tested.

e p-value: the return value of the statistical test which indicates the probability of getting a
mean difference between the per-test and post-test as high as what is observed by chance.
The lower the P-value, the more significant difference between the groups. The typical
significance level that has been chosen in this experiment is 0.001.

e t-test: this test was run on the pre-test and post-test scores. In this experiment, the result t-
test shows that there is a difference between the pre-test and post-test according to the p-
value which is 0.000 and less than the significance level 0.001. Table 3 shows the result

of t-test.
Table 3. The results of t-test
Treatment No. of Mean | p-value t- test
student
Without a tool 20 2.7 0.000 LearnOOP tool > No tool
Using LearnOOP Tool 20 8.85

The test shows that there is a difference between using the LearnOOP tool and without using it
based on the p-value which equal to 0.000. The p-value is less than the significance level (0.001)
and that means the improvement from pre-test to post-test is statistically high significant.
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Table 4 describes the students’ scores of group A (without a tool) for the post. Notice that the
maximum score for each student is 15.

Table 4. The students’ scores (group A) of post-test

Post-test scores without a tool
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Again, The students' scores means of post-test for group A is calculated. Table 5 describes the
means of both groups tested.

Table 5. The students' scores means of post-test for group A and B

Time Treatment No. Mean
Sebha University Without a tool (group A) 20 4.7
Using LearnOOP tool (group B) 20 8.85

According to the chart analysis of the means values, it’s clear that the mean value of group B,
which uses LearnOOP tool, is more higher than the mean value of the group A, which does not
use it. Figure 3 explains the idea.
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Figure 3. The means of the students’ scores between group A and B

The same pervious statistical analysis is adopted for calculating the t-test; in this time, the test
was run on the post-test of the two groups; A and B scores. The result t-test shows that there is a
difference between the post-test of group A and post-test of group B according to the p-value
which is 0.000 and less than the significance level 0.001. Table 6 shows the result of t-test.

Table 6. The results of t-test

Treatment No. of | Mean | p-value | t- test

student
Without a tool (group A) 20 4.7 0.000 LearnOOP tool > No tool
Using LearnOOPTool (group B) | 20 8.85

5. DISCUSSION

The results in this experiment indicate that LearnOOP Tool is more effective and efficient than
traditional learning medium. According to our hypothesis testing, there is a significant difference
between using LearnOOP Tool as a teaching/learning medium and text-only material. It shows
that learning with visualizing role of variable significantly outperformed text-only material. The
students realize many facts about object programming, the most important of which is that the
object name indicates a variable that contains the object data address in the memory. They also
learn from the tool how to extract the object’s attributes through visual form. Meanwhile, the
overall improvement of enhancing the students’ ability for understanding the OOP Java using
LearnOOP Tool is demonstrated and achieved. Compared with the previous studies, we almost
agree with them on the need for the use of supporting education tools. We also agree on the need
of adopting the role of variable concept for clarifying the programming and coding of different
programming languages.

6. CONCLUSION AND FUTURE WORK

Regardless of the advancement in the area of educational techniques, it needs to be further tested
with more experimental assessment and empirical evaluation, especially of using the
teaching/learning visualization and animation tools during lectures and classrooms. Currently, a
few researches dealt with the problem of the lack of using these kinds of tools. Furthermore,
studies have shown that the role of variable concept educationally enhanced students’
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understanding if they were supported by visualizing forms from the real world. This paper was
motivated by these observations. In particular, this paper suggested more experiments of other
tools through empirical evaluation in order to improve their effectiveness and teaching/learning
support in the field of programming understanding. Our future work will consider adding more
OOP features to LearnOOP tool such as polymorphism. Showing the relationship between entity
and objects is also an interested area of OOP programming languages. Another future work is
running more experiments and empirical evaluation for LearnOOP tool and other related tools.
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