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Abstract

E-learning is an educational approach that combines different types of multimedia technologies to
ensure better education experiences for students and teachers. Today, it is a popular approach
among especially teachers and educators. In this sense, this paper describes a web based e-
learning system that was designed and developed to be used in the “Electrical Circuit Analysis”
course of electrical engineering education given at Afyon Kocatepe University. The developed
system includes many lesson content pages that include content texts and some interactive simu-
lations designed with Flash technology. Furthermore, the system also employs some online com-
munication and assessment tools developed for teachers and students. In order to evaluate its ef-
fectiveness, the system was actively used within an experimental evaluation process. According
to the obtained results, the developed system improves students’ achievements on the course of
Electrical Circuit Analysis and provides an effective way in engineering education.

Keywords: E-learning; web based education system; interactive learning environments; interac-
tive simulations; blended learning

Introduction

The e-learning method allows teachers and educators to provide educational materials and the
related knowledge to a wide-range of learners by using more effective and efficient communica-
tion channels. In a typical e-learning scenario, learners are not required to attend classrooms to
follow face-to-face lecture parts of the
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E-Learning Environment for the Course of Electrical Circuit Analysis

The use of computer and Internet technologies enables educators and learners to take advantage
of e-learning systems from all over the world. So, enormous research efforts have been made to
design and develop different types of e-learning systems, especially during the last few years
(Takahama et al., 2005). As a result of rapid improvements in both computer and Internet tech-
nologies, features and functions of e-learning systems have been improved. It has also become
easier to access online lesson content and interactive, electronic applications or tools from any-
where, at anytime. At this point, internet and the related technologies have an important role to
play in all of these improvements and changes (Deperlioglu & Kose, 2010; Jou, 2005).

Nowadays, researchers place emphasis upon, not only developing improved and effective e-
learning systems, but also providing more advanced and interactive e-learning environments and
applications that enable teachers to make technical courses more attractive and effective for stu-
dents. At this point, it is important to use more effective methods and techniques to present tech-
nical problems or complex course subjects as simply as possible. To this end, interactive anima-
tions are widely used in today’s e-learning systems (Garrison & Kanuka, 2004). Apart from inter-
active animations, it is also possible to develop applications that enable students to combine the
skills, knowledge, and competences required in the academic and laboratory environments (Cock-
bain, Blyth, Bovill, & Morss, 2009). These might be described as virtual laboratories and simula-
tion programs that are developed for specific course subjects. Virtual laboratories and simulation
programs are widely used, especially in higher education institutions, to provide the complex lev-
els of interactivity needed by students (Pivic, 2007; Pulman, Scammell, & Martin, 2009; Yang &
Liu, 2007). In addition to virtual laboratories and simulation programs, there are also many dif-
ferent e-learning applications and systems that were introduced in the literature and developed for
specific course subjects by using well-known programming and development environments like
Java™, Macromedia Shockwave™ and Macromedia Director™ (Drofenik, Kolar, van Duijsen, &
Bauer; 2001; Gilbert, Wang, & Sim, 2005; Lazaridis, Paparrizos, Samaras, & Sifaleras, 2007;
Meéndez, Lorenzo, Acosta, Torres, & Gonzalez, 2006; Ong, 2006; Toral, Barrero, Martinez-
Torres, & Gallardo, 2007).

In order to provide effective e-learning experiences for students, it is also important to consider
two different aspects of e-learning systems and applications: firstly, the e-learning activity plat-
form, which is a complex environment with a number of integrated tools for teaching, learning,
communicating and managing lesson contents or materials, and secondly, the didactic module,
which is the educational content provided through the related activity platform (Costabile, Lan-
zilotti, Plantamura, & Roselli, 2005). At this point, ensuring harmony between activity platform
and the didactic module is an important aspect of system design.

This paper describes a web based e-learning system that was designed and developed to be used
in the “Electrical Circuit Analysis” course of electrical engineering education given at Afyon Ko-
catepe University, Turkey. The system is currently used within a mixed learning model that was
designed and developed to be used for electrical engineering courses given at the Afyon Kocatepe
University. At this point, a blended learning approach is used, which employs different types of
learning and teaching methods for different in education processes. In this way, advantages of
different education methods are combined in a single model. A community of learning and inves-
tigation is also facilitated by encouraging discussion, debate, and negotiation, which are known as
attributes of higher education (Garrison & Kanuka, 2004).

The rest of the paper is structured as follows.

e The second section describes the main structure and some basic features of the e-learning
system.
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e The third section explains how to use the features of the e-learning interfaces and tools.

Deperlioglu, Kose, & Yildirim

In this way, educational activities that can be performed on the system are also described

briefly.

e The fourth section is devoted to the experiment process, which were performed to evalu-

ate effectiveness of the system.

e The fifth section outlines the conclusions that have been reached with the study and ex-

plains some future works.

A Web Based E-Learning System
for Electrical Circuit Analysis Course

The system that was developed in this study provides an effective and efficient web platform
where students and teachers can use different educational tools to perform related learning and

teaching activities in the Electrical Circuit Analysis course. In order to ensure an effective educa-

tional environment, the system has been designed and developed with the support of different
technologies. It is also important that both database (table groups associated with different sec-

tions of the system) and interface (page groups associated with different features and functions of
the system) parts of the system have been formed on a structural scheme. The structure of the sys-

tem is described below.

Main Structure of the Developed System

The system consists of two different parts: the “database system” and the “web platform system”.
The database system employs three database files, which were designed and developed using Mi-
crosoft Access ™. Each database file is related to a different part of the system. One of these files
is used to store information about system users (administrators, students, and teachers), main sys-

tem features or functions, and some specific system tools. Another database file is used to store

information about related adjustments for assessment tools provided within the system. Questions

for system tests and exercises are also stored in this database. The final database file is used to
store lesson contents that were added by teachers to the system. The whole database system is
connected to the web platform system using various database functions. Figure 1 shows a brief

overview of the database system.
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Figure 1. A brief overview of the database system
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E-Learning Environment for the Course of Electrical Circuit Analysis

The web platform system corresponds to web interfaces and tools that are included in the system
and provided to administrators, students, or teachers according to their activities in connection
with the system. There are three different types of user: administrators, students, and teachers. In
order to log into the system, all of these users must type their usernames and passwords on the
login page of the system. After logging into the system, administrators can use different manage-
ment tools to adjust main system features and edit other users’ (students and teachers) personal
information.

Students and teachers, on the other hand, can use educational tools to perform their own activities
on the system.

e Students can use the related tools to view course lesson contents, study on simulations or
animations, and perform other learning activities.

e Teachers can adjust features and functions of the educational tools and manage learning
activities that are performed by students.

The system provides similar web interfaces for each user type and enables all users to perform
their activities easily with the support of simple, fast and interactive features and functions. Fig-
ure 2 shows a brief overview of the web platform system.
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Figure 2. A brief overview of the web platform system

A typical online learning process is planned on the system according to students’ and teachers’
needs during the course.

Educational Activities with the
Developed Web Based E-Learning System

The system provides an interactive, simple, and fast interface, which can be used easily by both
students and teachers. The main system interface and educational tools are designed and devel-
oped by using ASP™ (Active Server Page) technology. In this way, an interactive web environ-
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ment, which can perform different system functions according to students’ and teachers’ requests,
is ensured. Currently, the developed web based e-learning system is provided under a LMS
(learning management system) named @KU-UZEM. The related LMS is used for both hosting
and facilitating the course management. This LMS is hosted at the url: www.uzem.aku.edu.tr

Main System Interface

The main system interface is the web page that is viewed for each student and teacher after the
login process. Both students and teachers can use this interface to reach all system tools and per-
form related activities. Figure 3 shows a screenshot from the main system interface.
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Figure 3. A screenshot from the main system interface

The main system interface includes four different panels that direct students and teachers to dif-
ferent parts of the system. There are two tool panels located at either side of the interface. The
first of these provides some links for stored course lesson contents, active tests or exercises, and
related system help pages. After the login process, students can use these links to view lesson
contents, tests, or exercises immediately. Additionally, some statistical information about online
users, stored lesson contents, files, etc. is viewed on this panel. The second tool panel includes
some links and controls for different system tools provided for students and teachers. Controls
and links included in this panel are automatically changed according to the user type as student or
teacher. By default, both students and teachers can use some communication tools via this panel.
Additionally, there are also some extra tools (calendar, personal diary) provided. This panel also
allows teachers to use a small login tool to open more detailed management interface.

The third panel, which is located on the middle of the main system interface, is called the “Activ-
ity Panel”. The Activity Panel is used to view interfaces of some specific system tools. After
clicking on links of the related system tools, interfaces of these tools are automatically viewed on
the Activity Panel. By default, system announcements and news are viewed on this panel. The
last panel, which is also called “Link Bar”, is located on top of the other panels; it employs some
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links related to different system tools. There is also a “search box”, which can be used by students
and teachers to search a word in the stored course lesson contents.

Management Interfaces

The system provides a detailed management interface that can be used by teachers to arrange and
control online learning activities, manage course lesson contents, and adjust some specific fea-
tures and functions of the educational tools. As mentioned before, this interface can be viewed by
using the small login tool that is provided on the right tool panel of the main system interface.
The management interface has been designed as similar to a typical admin panel. Thus, it comes
with a simple and fast interface.

In the related interface, management activities are provided in separate panels that correspond to
options of different educational tools and system functions. After clicking on any link, the corre-
sponding management page is automatically viewed in the right side of the management inter-
face.

In addition to the management interface, which was developed to be used by teachers, the system
also includes another management interface that is used by only system administrators. After the
login process, the system automatically directs administrators to this management interface - also
called the “Admin Panel”. The Admin Panel has been developed with almost same design with
the other management interface that is used by teachers. But it includes more options and man-
agement tools to adjust main system features and edit other users’ (students and teachers) per-
sonal information. On the Admin Panel, it is also possible to view some statistical information
about system users, lesson contents, stored files, and some specific features or functions of the
system. By using the related options, administrators can also control learning activities and man-
age course lesson contents.
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Figure 4. A screenshot from a sample content page
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Course Lesson Contents and Interactive Simulations

In order to provide an effective and attractive online learning experience, the system provides
visual and interactive lesson contents for the Electrical Circuit Analysis course. It is important to
use more effective methods and techniques to enable students to understand and learn technical
problems or complex subjects that are provided within a typical course. For this reason, course
lesson content has been supported with Flash™ based simulations and animations. In addition to
these elements, each course subject is also explained with simple and intelligible sentences. All
course lesson contents can be viewed easily by clicking on the links provided on the left tool
panel of the main system interface. Figure 4 shows a screenshot from a sample content page.

In the system, there are many different simulations and animations that are included within the
provided course subjects. Animations are used to explain important subjects in dynamic and col-
ourful scenes that are prepared using Flash™ technology. It is important that each animation cor-
responds to a particular lesson content text, which it explains with the help of different visual
methods and techniques. Simulations are used to ensure highly interactive learning environments,
which enable students to make different types of experiments, examine dynamic events, and
evaluate results with the support of virtual tools. Eventually, students can understand and learn by
using all of these objects included in course lesson contents of the system. It is also extremely
important to note that many of these simulations enable students to perform more complex and
advanced experiments than could be performed via mechanic experiment sets. This enables
teachers to achieve their teaching goals easier and faster. Figure 5 shows some simulations pro-
vided in the system.
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Figure 5. Some simulations provided in the system
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E-Learning Environment for the Course of Electrical Circuit Analysis

Teachers can use the management interface to manage course lesson content. By using the related
options, it is possible for teachers to edit any lesson content easily. By default, the Electrical Cir-
cuit Analysis course is provided with thirteen subject titles. But it is also possible to add new les-
son content subjects to the system by using the related options on the management interface. The
system employs a rich text editor that allows teachers to write and format content text and upload
images or Flash™ objects to the content environment. Any stored content can also be edited by
using this editor. For each item of lesson content, teachers can define a time period in which the
content will be active to be viewed by students. It is also possible for teachers to associate any
content with active test or exercises stored in the system. In this way, the students are not allowed
to view new lesson contents without finishing the related tests or exercises.

Communication Tools

The system employs three different communication tools that can be used to ensure communica-
tion function among system users. Both students and teachers can start to use communication
tools immediately with the help of provided links or controls on the right tool panel of the main
system interface. All of these communication tools aim to improve the quality of the education
activities by ensuring effective socialization processes among students and teachers.

e The first communication tool is a messenger application that can be used to make text
based chat with other online users. It provides an interactive interface, where the user can
see a list of online users. Upon clicking on any username, a chat session is immediately
started. By using the related controls, it is possible to adjust user state as “online” or “off-
line”.

e The second communication tool is a forum tool, which is used to post new personal mes-
sages or make comments on existing ones. Forum titles provided for students may only
be defined by teachers via the management interface. Discussions that are performed on
the forum tool may also be moderated by teachers.

e The final communication tool of the system is an internal messaging tool, which allows
students and teachers to send private messages to other users by using the system infra-
structure.

Assessment Tools

Within the system, it is possible for students to check their own learning and knowledge levels by
taking tests and exercises. Active tests and exercises are listed for students on the left tool panel
of the main system interface. Students can take any test or exercise by clicking on the related link.
In the system, a typical test includes 25 questions and allows students to finish test in 30 or 35
minutes. On the other hand, exercises are provided with 10 questions and have no time limitation.
Figure 6 shows a screenshot from the test page.

At the end of each test and exercise, students are informed about their correct and incorrect an-
swers and also gained total points. At this point, each student’s test and exercise results are stored
in the system database. Thus, teachers can examine and evaluate test and exercise results via
management interface.

By using the management interface, teachers are enabled to create new tests or exercises and pre-
pare their own questions to be stored in the system database. The system provides a rich text edi-
tor, which can be used by teachers to prepare visual and specially formatted test or exercise ques-
tions. It is also possible for teachers to prepare and store questions for future use. In the system,
five possible answers can be defined for each question. After determining the appropriate ques-
tions, a test or exercise can be created by using the related options and controls. For each test or
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exercise teachers can define a time period in which the created test or exercise will be active for
students. System link of each new test and exercise is automatically added to the related tool
panel, by the system.
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Figure 6. A screenshot from the test page

Evaluation

In order to evaluate the effectiveness of the e-learning system, an experiment, which was formed
with an experimental group who used the system in the related learning activities and a control
group who participated only in a face-to-face education process, was performed during the Elec-
trical Circuit Analysis course. Additionally, the students who participated in the experimental
group were asked to write down their comments about features and functions of the system.
These helped the authors in deciding how to continue the development of the web based e-
learning system.

Experimental Evaluation and Obtained Results

During the experimental evaluation, 50 students comprised the experimental group; the control
group was comprised of another group of 50 students. Thus, a total of 100 students participated in
the experiment. In this context, each student’s past success rates (student grades) for previously
courses were used to obtain “level-headed” groups. Students at similar levels were assigned to
different groups to achieve the “balance” between the related groups. Thus, it was assured that the
groups were matched before the experimental evaluation process. On the other hand, during the
experimental evaluation process, the related learning-teaching activities explained below were
performed for the experimental and the control group:
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e The experimental group used the Web Based E-Learning system with its all features and
functions (interactive interfaces, the related course contents, tests, Flash simulations, etc.)
in the related learning activities.

e The control group used only some mechanical experiment sets provided by the teacher.

e For both groups, a total of 14 weeks lecture hours (4 hours for each week) were organ-
ized within one term. The related learning-teaching activities were performed for each
group, in separately set course laboratories. In this context, the related tutoring supports
were also given to the related groups. Additionally, support on usage of the Web Based
E-Learning system was also given to the experimental group students.

At the end of the Electrical Circuit Analysis course, students’ grades (on the scale of 100) were
considered for the experimental evaluation. Table 1 below shows the obtained results for both
experimental and control groups.

Table 1. Obtained results for experimental and control groups

Students who passed
the course (%)*

Control group (50 students) 44 % 51,93 12,27 54,3
Experimental group (50 students) | 74 % 74,82 16,95 80,2

Mean St dev. Median

As it can be seen in Table 1, the percentage of the students who passed the given Electrical Cir-
cuit Analysis course is significantly high in the experimental group. The mean “student grade” of
the experimental group is also higher than the value of the control group. As a result, experimen-
tal evaluation results show an improved student achievement and learning level after using the
developed web based e-learning system. It is concluded that, the system provides effective and
efficient approaches and methods for electrical engineering education. Figure 7 represents a graph
that shows the number of control and experimental group students in different grade ranges.

25

20

15

10

L ANIN e
o w1

20-29 30-38 40439 50-58 BO-BY 70-78 80-88 80-100

Number of students

O Contral group Grade ranges

W Experimental group

Figure 7. Number of control and experimental group students in different grade ranges
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A statistical analysis was carried out to understand if the obtained results between the control and
the experimental group grades were similar or not. In order to achieve this, an “independent sam-
ples t-test” was performed. Results suggest that the alternative hypothesis (H1), which states that
the means of the two samples are different, cannot be rejected (with 95% confidence).

Student Comments about the Developed System

At the end of the course, students in the experimental group wrote down their comments about
features and functions of the system. The most remarkable and interesting comments are listed
below:

o “The developed system includes effective simulations and animations that enable me to
understand given course subjects easily.”

e “Asaresult of using this system, my academic achievement has improved.”
e “I liked the online learning process, which was performed via this system.”

e “With the support of this system, fundamentals of electrical circuit analysis can be
learned better.”

e “This system provides a simple and fast interface.”

e “I can not adjust visual features of the system according to my choice. There should be
additional system tools that enable me to adjust some visual features of the system.”

e “There should be more interactive communication tools like video conferencing in the
system.”

e “The system should be adapted to other electrical engineering courses.”

Conclusions and Future Work

This paper describes a web based e-learning system that was designed and developed to be used
in the “Electrical Circuit Analysis” course of electrical engineering education given at Afyon Ko-
catepe University, Turkey. The system aims to provide an effective and efficient way of teaching
electrical circuit analysis, which is an important subject of the electrical engineering course.

Obtained results show that the system has provided an effective and efficient education process
for the Electrical Circuit Analysis course. As a result of using the system in learning activities,
students’ academic achievements and also learning levels were improved greatly. Students were
also satisfied with the system and performed online learning activities. According to students,
interactive features and functions of the system allowed them to learn technical and complex
course subjects better. Students also think that the provided simulations and animations played an
important role in enabling them to learn course subjects easily.

Positive results have encouraged authors to think about some future work and continue develop-
ment of the web based e-learning system. In this sense, the system will be adapted and used in
other electrical engineering courses given at the Afyon Kocatepe University. In order to use the
system in different courses, some features and functions of the system will be improved and more
educational tools will be integrated to the system interface. At this point, students’ comments
about the system have an important role on this development. In the future, it is also possible to
use the system in some master degree electric education courses.

Further future work will include the development of an interactive virtual laboratory application.
With this application, both students and teachers will have a chance to prepare their own electri-
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cal circuits and work on them by using some application tools. In this way, it will be possible to
perform most of electrical experiments that are provided within the electrical engineering courses.
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