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Abstract

Object-oriented programming is one of the core programming paradigms taught
in introductory programming courses in engineering. It demands learning
strategies that support the understanding of its concept and the implementation of
these in computer programs. We present a Virtual Learning Environment (VLE)
used to overcome the difficulties identified by students and professors. These
difficulties were collected during their participation in an Object Oriented
Programming (OOP) class. VLE allowed students to self-evaluate the concepts
and skills gained in class using a Blended Learning strategy. This includes
performing on-line activities that can improve or solve their theoretical or
practical gaps in a particular OOP subject. VLE is implemented in DOKEOS and
evaluated by first-year engineering students at Universidad Autonoma de
Bucaramanga. Results show that by implementing additional learning strategies
such as student-centered learning, an effective outcome is achieved when
teaching OOP.
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1. Introduction

In recent years, there has been a significant reduction in the student
enrollment to engineering programs. There are several known reasons
to explain this trend. This includes the lack of mathematical
background, the budget reduction in science and mathematics
education by some governments, and the perception by young people
who think there may not be jobs in this field. This trend is opposite to the
number of jobs that employers can offer. For example, in the immediate
future of 2020 there will be 20 million jobs .

Lack of mathematical background is not the only reason for students to
not consider or leave engineering programs. Some students experience
learning difficulties in computer programming courses which are an
essential part in the engineer education. Furthermore, introductory
courses in computer programming require pedagogical and
technological strategies to attract and not reject students. These courses
should be helping student acquire foundations of good programming;
"The correct programming does not fall from the sky" [5]. Object-
oriented programming is one of the most influential programming
paradigms in recent years [ 7] and demands learning strategies that help
students understand the concepts and implement them in computer
programs.

This paper proposes an e-learning strategy that can help students taking
an introductory course in OOP. The strategy is developed as a
supporting technology for the physical learning environment and for
that reason can be considered as a blended learning environment
strategy.

The rest of the paper is organized as follow. In Section II it is drawn the
state of the art making emphasis on object oriented programming
learning strategies. Section Il shows a preliminary study performed to
determine the main learning difficulties as depicted by students and
professors in OOP courses in four local universities. Section IV
describes the Virtual Learning Environment proposed in this paper as a
way to enhance the student performance in an OOP course. In Section
VI the approach proposed is evaluated in a OOP course at Universidad
Autonoma de Bucaramanga. Finally, in Section VII conclusions and
future work are depicted.

2. State of the art

Computer programming education is taking advantage of e-learning
implementations from different authors and methodologies. Some of
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the main approaches in the field are the following: Misoko [3] aims to
implement Web-based teaching by personalizing learning. This author
provides a way to improve programming learning by using the method
of "watching others". With this purpose, tools were created where
students write a piece of code and receive feedback from the teacher
using the same tool. This allows students to create code, identify
errors, and receive guidance and support from their teachers. This
study shows the convenience of using computer programming e-
learning tools.

Another work developed at Queensland University [9] refers to an
Environment for Programming Learning (EPL) which provides a web-
based interactive environment to teach computer programming. The
University has made it easier for students to work collaboratively. This
benefits both teachers and students as it encourages feedback, allow
students to practice and progress at their own pace. EPL provides the
possibility of coaching at anytime and anywhere by the easy integration
of notes, tutorials and practical exercises. This study shows the strength
ofthe web-based education in solving several problems that often occur
in the classroom when teaching programming using Java.

Universities in Taiwan have joined efforts to formalize a study
presented by Yuin Wu [4] where a Web-based solution called "DRW"
offers five programming activities with multiple difficulty levels based
on the Bloom's taxonomy. DRW provides online code, execution and
annotation tools to conduct training and assignments via Web-based
programming. It addresses not only a tool but also a complete
methodology through activities designed for the Web.

In the Department of Computer Science at the University of Warwick
[8] a study describes collaborative e-learning with a co-evaluation
strategy performed by peers (students). It has been found that
constructive criticism against the work of others encourages students to
improve their efforts towards correcting their mistakes by watching
others doing their job. Also, it presents some features to be improved
such as the possibility of affecting student's subjectivism in assessing
the work of others.

According to Bruce [2], students can learn to program in five different
ways: 1) Following or students learn by experience; 2) Building Code,
that is students learn programming by coding; 3) Understanding and
integrating, where the act of programming is experienced through the
understanding and integration of concepts; 4)Problem Solving, which
is experienced through learning what it takes to solve a problem; and 5)
Participating, which is learning by experience when being a
programmer in the field.
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One of the different OOP strategies and methodologies that have been
implemented is called "Object-first" which introduces students to the
concepts, classes and instances before procedural elements [13]. A
simplistic view of a holistic development leads to include ideas and
concepts gradually instead of having an integrated perspective from the
outset[1].

It is important to note that there are conditions for effective use of new
methodologies. Adopters need to have an advanced level of Information
Communication Technology (ICT) use and design, as well as teaching
skills and project management. It is also desired a good learner to be
motivated, expertise by the teacher of what to teach, teaching tools and
proximity to the reality as a means of connecting with experiential
learning [10].

Avery interesting study developed in Colombia analyzed and designed
a First Course in Computer Programming called CUPI2 project
[11][12] This project consisted of an initial survey that collected all the
experiences obtained in programming courses at a University in
Colombia. Findings address the implementation of different strategies
and the study of possible reasons that explain why some groups may be
more successful than in others.

When looking at Object Oriented Programming (OOP), there are also
several documented difficulties. These include issues on decomposing
a problem, understanding the mechanics of programming, passing
parameters, returning values of methods and variable declarations,
abstract programming techniques used in different situations, and
finally understanding and using object-oriented programming
concepts such as inheritance, abstraction, classes and interfaces [6].
Problems in teaching OOP are due to bad choice of languages and
wrong teaching aids [7]. According to K&lling, a suitable environment
must support seven key areas: ease of use, integrated tools, support
objects, support code reuse, support learning, support teams, and
availability [7].

3. Problem Identification

In order to identify the problem of teaching and learning OOP an
online survey was conducted. The survey gathered anonymous
feedback from engineering students who have completed their first
semester and first contact with OOP. The survey was implemented
using LimeSurvey an applied to students from four Colombian
universities: Universidad Autonoma de Bucaramanga, Universidad
de Santander, Universidad Pontificia Bolivariana, and Universidad



Virtual Learning Environment to Support Object Oriented Programming Learning

Industrial de Santander. The study was focused on the following
five topics: 1) prior experience in programming courses, 2) work or
personal programming experiences, 3) degree of complexity of
major programming issues, 4) importance of the strategies
employed when learning programming, and 5) evaluation of
programming topics foundations. Tables 1 and 2 show the results of

the survey.

Topic Very Low | Medium | Very High
Algorithm Concept 28.57% | 30.95%  11.90%
Build algorithms or flow charts 21.43% | 33.33% 14.29%
Relational operators, arithmetic and logical 14.29% | 35.71% 9.52%
Selection Structure Single, Double and Nesting 11.90% | 26.19%| 1667%
Repeat structures 16.67% | 35.71% 19.05%
Numbering systems and conversion 7.14% | 30.95%| 23.81%
Introduction to Java 9.52% | 35.71%  28.57%
Builders and Definition 11.90% | 42.86%| 28.57%
Concepts and application of methods 7.14% | 42.86% 28.57%
Basic operations on arrays 9.52% | 35.71%  28.57%
Object Oriented 9.52% | 26.19%| 33.33%
Arrange step methods 7.14% | 28.57% 35.71%

Table 1. Degree of complexity for each item in a Fundamentals of
Programming course.

The survey was open to students for about 20 days to complete 50 samples.

Topic Very Low | Medium | Very High
Exercises on board 4.76% 30.95% 42.86%
Practice Exams 0.00% 26.19% 40.48%
Online quizzes (online) 9.52% 30.95% 21.43%
Online Tutorials (online) 0.00% 9.52% 30.95%
Programming in teams of 2 student s 14.29% 16.67% 28.57%
Eiu;}cl);irni ; zt;:;i:snt of by a students from 9509 26.19% 28.57%
Teacher's office hours 2.38% 9.52% 47.62%
Alice 48.78% 14.63% 12.20%
Programming Videos 4.76% 26.19% 28.57%
Support through monitors 2.38% 23.81% 38.10%
Analysis and study of software provided 0.00% 23.81% 52.38%

Table 2. Degree of importance of the strategy used to improve
computer programming learning.
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Since, most of the strategies can be implemented in a VLE, the results
shown in Table I illustrate the feasibility of our approach and the belief
that we can achieve positive results. Teachers from the universities
mentioned above and others located outside the area where also
interviewed. They shared their experience when teaching OOP. Seven
of them explained the major concerns with respect to two specific
subjects: the aspects that make teaching programming a very complex
task and the teaching strategies used by them.

From students' surveys and teachers' interviews, several elements were
collected as a baseline and as a starting point for the development of the
e-learning strategy. Some of them are the following:

e Need foralternative learning strategies

e Need of project-based learning

e List of topics to be included in the strategy; these were the most
difficult for the students.

e Student's initial background in logic, algorithms, analysis and
abstraction techniques. Also, reading comprehension and
mathematical concepts are key towards student success.

e [t is very important to emphasize in programming courses the
problem resolution methodology used by students and the design of
the algorithms.

4. Virtuallearning environment

In this section it is described the VLE approach used in this paper. One
of'the most important considerations in the production of a teaching tool
is the clear identification of the end users. The VLE developed is
expected to be used by students who are digital natives and find it very
easy to use technological tools. They are engineering students who
know the use of Web 2.0 tools. Specifically, the design of the tool
considers the following assumptions about the students: they are
autonomous and independent; they understand the main concepts of
Object Oriented Programming; they have good listening and
comprehension English skills; they are familiar with the use of Web 2.0
tools; and they are prompt to develop collaborative work with peers.

Based on the diagnostic depicted in Section III, the main characteristics
ofthe VLE approach used in this work are the following:

1. The main subjects of Object Oriented Programming are treated as
modules. This allows better assimilation of the content by viewing it
sequentially and in order.
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2. Use of a free online platform that allows students to review as many
times as needed the topic of their choice using a communicative
approach and collaborative work groups.

3. Begin with initial tests that enable students to observe and obtain a
qualitative view of their understanding of the topic studied. Also,
identify the issues to be improved.

4. Provide multimedia content covering the topics in a meaningful way
and allowing students to repeat a topic as many times as necessary.

S. Propose practical exercises focused on the teaching needed to
establish simple relationships between reality and layout of the
solution

6. Divide the learning process in five stages having each stage a
learning object, learning activities, and two tests to evaluate the
learning progress. One test will be presented at the beginning for
assessment and to establish the initial state of learning. The final test
will allow to evaluate the effectiveness of the VLE when compared
with the initial test.

The VLE proposed has five major aspects to effectively track the
student's learning process and to offer more control for the teacher to
address learning strategies and implement them. That also allows to be
focused on the learning objectives for each topic and to take advantage
of'the reuse of course materials. These aspects are the following:

e Abstraction: Software Engineering, analysis and design phases.

e Implementation: Declaration of attributes, methods, hiding
information, access to constructors, and encapsulation.

e Class Design: Inheritance, over-writing methods, access control to
methods, overloading methods, and data type conversion.

e Advanced: class attributes, class methods, variables, static
declarations, abstract classes and interfaces.

e Java: Development in the language (coding).

The proposed VLE has its main support in collaborative and
cooperative work, based on autonomous and critical learning to make
the student aware of his or her learning through a classroom project.
This project was developed based on the response obtained in the
surveys where students gave high importance to develop projects in the
classroom as an effective way of learning.

The Learning Management System used to implement the five major
aspects described before was DOKEOS. This platform allows to
implement the VLE as a scheduled sequence of learning objects. The
student uses the VLE with a close support by the professor in the
physical class sessions and through the reports provided by the tool.
This follow up is performed at different times to make sure that the
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student can go further after achieving determined goals and objectives
for each module.

As mentioned before, the learning path begins in a first phase with the
process of Abstraction. The student starts taking a short five-question
test in the tool that can be submit as many times as required. The tool
provides a clear and accurate feedback of the errors and the reasons why
a given answers is not correct. This allows students to learn from their
mistakes and find themselves a solution to the test presented.

Following the test, a learning activity is presented as the
implementation of the first phase of a project related to the issue of
abstraction. Here, the student needs to define the context where data
will be implemented. To carry out this learning activity the student will
have the collaborative tools that DOKEOS makes available: forums,
Wikis, Blogs and chat. Figures 1 to 3 show a few screenshots of the
VLE.

Vv
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Definiendo Clases en el momento de
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Iniciaremos esta propuesta de aprendizaje en esta
primera fase: Abstraccidn, a través de la realizacion de
un proyecto que iremos alimentando a medida que
vayamos estudiando cada segmento

Después de realizar el test inicial iniciaremos la
primerafase del proyecto, para ello se debe leer ol
archivo Requisitos de Gimnasio, el cual nos expone el
contexto de nuestro proyecto y que desarrollaremos a
ravés de toda a herramienta. Como resultado de esta
aciiidad de aprendizaje elabore las clases
correspondientes al ejercicio con sus atibutos.

Tipd

Una veztengas tu entregable elaborado (clases con
sus atributos), emalo a través de la hemamienta
fareas para revisidn de u docente de modo que
‘compartamos este frabajo en el saion de ciase junto
contus compaiieros para analizar no sdlo los
resultados sino os inconvenientes que tuviste
realizindolos indiiduaimente y qué construccion
podemos adelantar colaboratvament.

Aconinuacidn de tu enio podrs presentar el test de
evaluacin final que nos permitird corroborartu

Ejercicio de aprendizaje

Fig. 1. A VLE Lesson page.

Tip2
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Esimportante recordar que este tema de Abstraccidn
rabajaremos los subtemas de Ingenieria de Software,
Fase de Andlisis y Disefio.

Tip3
» | 00:00 p——0:00 | 4 <l

Encontrards unos tipos en los audios distibuidos
alrededor de |a pagina que te ayudaran entu
aprendizaje.

De igualforma cuentas con los enlaces y documentos
que han sido seleccionados y dispuestos dentro del
Htingrario de aprendizale, consistentes en ayudas
didactcas y sencillas (ideos, textos etc) para reforzar
tu aprendizaje.

Recuerda que cuentas con | herramienta de foros,
‘donde encontrards preguntas y respuestas atus
posibles duda y que seran un apoyo interesante atu
‘estudio. Propon allfinquietudes que surjan en fu
rabajo de modo que tus compaiieros o el docente
raten de dar respuesta y sea it para futuros
estudiantes.

Iniciemos entonces con nuestro proyecto.... adelantell!

Once the student completes all the exercises in the module, he or she
presents a test similar to the initial 5 questions. With this final test,
students can be aware of the knowledge gained through the tool. This
provides initial statistics for validation and evaluates the effectiveness
ofthe approach.

Similarly, five work moments corresponding to the five aspects
considered by the VLE are synchronized with the instants in which
students cover every studied aspect in the class.
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Fig. 3. Control Access Details for one student.
5.Students perception of the designed VLE

This section shows the main results of conducting an evaluation test of
the VLE developed with a group of 30 engineering students. The group
presented the initial test focused on the theoretical Abstraction subject.
The results showed a very low performance in this subject. After that
test, the student proceeded to perform the learning activity and send it
through the tool; this activity was only made by 20% of the students (six
ofthem).

Another learning activity was the presentation of a video from an expert
of the discipline. This expert (the teacher) gave an introduction to OOP
and the usefulness of the Abstraction. Also, he gave an explanation and
clarification of how it could address the proposed exercise for a total
understanding and ownership of the subject.

Students responded to a survey to gather their opinion of the VLE
developed. In many cases it can be observed that the students preferred
virtual education.
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This final survey allowed to determine if any improvement had
occurred. Results show that students expect and need more practical
education, focusing on solving problems based on independent learning,
but guided by both their teachers and monitors from higher semesters.
This will surely allow teachers to understand the problems and
difficulties that students go through and determine easy ways overcome
this. As shown by the results to the question of evaluation of the tool:

e Do you think that virtual education is a useful alternative in
reinforcing what you learned in class?

Students Percentage
Yes 22 100 %
No 0 0 %
Total 22 100 %

Table 3. Student's perception of virtual education as a good learning strategy

Another question was oriented to determine the students' perception of
the project defined in the VLE:

e Do you think that developing a project helps to understand each OOP
stage beginning with Abstraction?

Students  Percentage

Yes 19 90.48 %
No 2 9.52 %
Total 21 100 %

Table 4. Student's perception of the project as a strategy to learn OOP.

Collaborative tools like wikis, chat, blog and forums designed to
provide lasting support and collaborative construction must be
accompanied by a strong motivation from the classroom by the teacher
for its use and effectiveness, proposing discussions and promoting their
value in the academic period, through the investigation of external
material and answers to questions that students can observe. This
conclusion is supported by the use the students found in their reflection
when they responded the survey:

¢ Do you think that collaborative or cooperative work proposed in the
forum, blog and wiki contributed to your learning?

Students Percentage

Yes 20 90.91 %
No 2 9.09 %
Total 22 100 %

Table 5. Student's perception of collaboration in VLE as a
contribution to learn OOP.
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It is convenient to update and modify the questions presented in the test
periodically, so that students do not pass this information through the
following groups that could make the tests invalid. As reflected in the
student's responses, the learning platform is a key aspect of the
successfulness of the implementation:

e Doyouconsider that the learning tool is easy to use (the platform)?

Students Percentage

Yes 22 100 %
No 0 0%
Total 22 100 %

Table 6. Student's perception of the complexity of the developed platform.

It is important to mention that OOP is a difficult course for interdisciplinary
students or students from fields other than computer science or similar
programs.

6. Conclusions and future work

Virtual technology for learning is becoming a common strategy for new
generation students. They are very positive to initiatives as the one
proposed in this paper which not only makes it easier the
implementation but is also a requirement for this strategy to be
successful.

The VLE requires the commitment of the professor to update
information, perform evaluations, and monitor the students' evolution
in the platform. All that has to be connected with the activities
performed in the face-to-face class. That is the reason why a blended
strategy is recommended.

Approaching to a different learning strategy from the traditional
learning concepts taught in class, contributes to enhance learning skills
such as autonomy, critical thinking, self-motivation, among others. The
VLE proposed in this paper constitutes an alternative to help students in
their understanding of the subjects related to programming Object-
oriented.
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