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Abstract—The constant changes occurring in today's teaching
and learning processes provide a continuous improvement in the
interaction of information. At the same time, globalization and
the need for streamlining time facilitate the development of new
methods of imparting knowledge.

With the new information technologies, new forms of learning
occur adding greater dynamism to the information. This form of
learning, which optimizes time and space, is known as distance
learning and it is being amply used in many different areas.
Distance education presents the advantage of facilitating the
teaching and learning processes without face-to-face interaction
as knowledge is transmitted, partly or as a whole using
technology.

In fact, technological innovation has assumed a vital role in
education. Looking to achieve more efficiency in carrying out the
various activities, the job market constantly requires an
investment in new skills and knowledge so that the professionals
can operate the equipment and working tools, successfully and
with quality.

This paper presents a new system of learning a curricular
unit of Circuit Theory using desktop virtual reality (VR). The
software provides the possibility to understand the relationship
between the physical concepts of an electrical circuit, direct or
alternating current, through computer simulations and
animations.

This work was developed to demonstrate how a desktop VR
prototype, “Virtual Electric Manual”’-VEMA, can be applied to
an engineering unit and used to enhance security and
resourcefulness in using electrical equipment. Several interactive
scenes were developed to illustrate the idea using a measurements
and instrumentation laboratory as virtual environment.

A range of interactive learning environments are presented:
the menu with the first interactive experiment is the simulator of
a DC circuit. It allows the student to analyze the setting up of a
parallel, or series-parallel resistive circuit series powered by
direct current; the second menu, features the simulator of an
alternating current circuit and demonstrates how the student can
perform the analysis of a circuit with resistors, inductors and
capacitors; the third interactive experiment is the simulator of a
three-phase alternating current circuit; the fourth menu refers to
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a study on the transitional phenomena. Finally, the fifth menu is
an interactive experiment related to the phenomena of resonance.

VEMA offers students the opportunity to understand the
processes, helping them to better discern the procedures and
trains them to interact with the equipment.

The VEMA prototype addresses these issues and highlights
the potential benefits of using VR for this purpose. Each
experiment will provide technical and scientific knowledge in
order to give the student/user adequate information and training
in the subject.

Keywords— circuit theory; electrical circuits; interactive
circuit; learning object

. INTRODUCTION - THE TEACHING-LEARNING PROCESS

To promote teaching and learning is no simple task as it
requires great accuracy and a number of procedures to be
taken into account in order to stimulate acquisition.

Teaching is the planned response to the demands of the
natural learning process in order to obtain optimal results; the
teaching process must respect, facilitate and enhance the
natural learning process [1].

Learning requires continuity and a logical sequence as it is
more than simple transmission of information; it requires
methods, techniques, procedures and instruments to obtain
satisfactory results. Each student is responsible for hisfher own
learning, and the teacher is just a facilitator and advisor. It is
important to respect the students’ different characteristics and
their learning process should be accomplished in a more
individualized manner.

Three approaches to education can be referred: full-time
education, part-time education (part at school, part virtual or at
a distance) and distance education (virtual). Face-to-face or
full-time education is the conventional type of education and
the most widely used approach in normal courses at any level,
requiring teachers and students to be together in the
classroom. The second approach combines learning in the
classroom and at a distance using modern technology.
Distance education may or may not need to have face-to-face



moments as teachers and students are physically separated in
space or in time, while being able to interact through
communication technologies, i.e. virtually [2].

Technology has brought numerous benefits, extending the
scope of the teaching and learning processes, arising as a
facilitator and a strategic tool to promote improvement in the
methods and practices, optimizing education in general,
affording new and innovative opportunities in the way
education and teaching are designed.

Thus, it is necessary to find new strategies to teach
engineering, where the teacher is no longer the only source of
knowledge and information, but creates the opportunities so
that students become more actively engaged in the learning
process, learning how to find and filter the information, as
well as build their own knowledge. It is to that extent that
technologies must be understood and used as tools in the
pursuit of this new paradigm.

Il.  DISTANCE EDUCATION

Higher education has evolved in the last decade with the
use of information technology. This change was called
distance education, a teaching method in which the student
does not need to meet with the teacher on a certain day and
time. The student may be either at home or at work and may
have no interaction with the other parts, either the teacher or
other students. It has allowed the institutions to resolve
geographical gaps in order to reach the largest number of
students. On the other hand, it paved the way for the "non-
traditional™ universities oriented for "adult work", in a narrow
range of graduation programs, compatible with the current
demands from industry [3].

It is also important to mention that distance education is
becoming increasingly appropriate for non-academic studies,
such as corporate training environments [3].

It should be able to meet the operational requirements
through a synthesis of components, attributes and
relationships. Distance education technologies should promote
educational and academic goals respecting the organizational
needs of each institution, namely collaborative education. The
technologies with the capacity to introduce more realistic
professional skills also have the potential to introduce new
concepts in education and in the classroom.

The use of technological resources in teaching requires an
evaluation of the whole teaching and learning processes. It
will also be necessary to reflect upon the choice of
methodology and tools that better promote the new proposal.
Distance education is a form of planned learning requiring
special organization, attention and techniques, as well as
specific electronic communication methods and other
technologies.

The most motivating feature was the quick and easy way
of furthering student/teacher interaction. This interaction can
be carried out using various methods and techniques with
synchronous and asynchronous approaches.

The direct transfer of face-to-face teaching contents to a
distance learning format does not ensure the adequate solution

to create the syllabuses of distance learning courses. The
learning process has to be more than just receiving
information and acquiring knowledge. The choice and design
of the contents must be based on specific pedagogical
guidelines and assumptions inherent to the particular
characteristics of the intended approach [4].

The latest generation of distance education is characterized
by virtual communities with easy-to-use, interactive and
accessible e-learning systems.

A virtual distance learning system must incorporate
features such as: good accessibility; total control of the
educational material; high level of interactivity; a dynamic
environment with access to instructional resources; flexibility,
allowing the improvisation of teaching materials; self-
learning, supplying students with all course materials and
promoting their capacity for independent study.

This system must provide other skills such as:
asynchronous interaction mode; access to teaching materials
independently of location and time, providing great flexibility;
time for reflection and observation, in which students have the
opportunity to think about the ideas and consult other sources;
learning from home or work; text-based asynchronous systems
that require narrow bandwidth and less sophisticated
computers, facilitating global access and reducing costs [5-7].

As it was previously referred, any type of distance
education requires an adequate attitude and choice of
pedagogical methods, and additional resources tailored to the
profile of the students of each course. In addition, as there is
less social interaction between teacher and students, greater
importance must be given to the educational materials used to
motivate the students that are scattered in place and time.

The use of information technology as a support to
education is very wide. There is a variety of software
developed for educational purposes, the educational software
(ES), which is taking an increasingly important role in
education. For some authors, all software can be considered
ES, provided that it uses a methodology that contextualizes the
teaching and learning processes [8]. Quality is the main aspect
to be taken into account with this software as the market has
been providing more and more products with numerous
applications and a wide range of resources.

IIl.  THE LEARNING OBJECT

According to Paula Escudeiro, a Learning Object (LO) is a
digital interactive feature structured and normalized with a
specific educational goal, contents and learning activities and
evaluation system [9]. E-contents are any web format contents
available on the internet.

The LOs are subsets of e-contents, with interactive
contents, structured and standardized according to a format
specification and reference model [9].

Currently there are several specification standards for the
design of an LO. Paula Escudeiro suggests a normalization of
LOs using the SCORM reference model—-(Sharable Content
Object Reference Model). This model supports the



development of learning contents in order to ensure reuse,
interoperability, durability and good accessibility.

According to Silva and Fernandez, the construction of a
learning object should have three characteristics: to stimulate
the reasoning and critical thinking (minds-on); to address
issues relevant to students (reality-on) and offer the
opportunity for research (hands-on). They state that the simple
transfer of contents from paper to an electronic support does
not bring any advantage from a didactic-pedagogic point of
view. The task of evaluation is thorough because it requires a
theoretical basis for the analysis of the concept to be studied
and explored by the technological resource as well as for the
design project. Silva and Fernandez refer that some LOs only
have graphic and interactive functions [9].

LOs simulations and animations should provide practice
similar to the one acquired in real life and thus become a
viable resource in situations where it is not possible to carry
out practical sessions. Therefore, it is considered that the LOs
can assist the lectures in the acquisition of concepts as well as
provide support for the theoretical-practical and laboratory
lessons integrating the instruments that allow cognitive
learning based primarily on student interaction with the
desired environment.

Computer simulation is an efficient technique to be used in
practical work as it minimizes the teachers’ concerns
regarding time, costs or risks that involve the choice of
inappropriate,  ineffective  or  potentially  dangerous
experimental strategies.

The possibility of testing different ways of monitoring the
evolution of cause-and-effect relationships, visualizing
concepts from different points of view and confirming
hypotheses transforms animations and simulations in powerful
tools to promote new ideas and arouse curiosity, relate
concepts and solve problems. These interactive activities
provide the opportunity of exploring scientific phenomena and
concepts, often impractical or nonexistent in schools due to
budget and security issues. It also allows experiments to be
performed even when a class is not being held.

This paper addresses Circuit Theory systems, more
specifically laboratory practices geared towards teaching and
learning. The choice was made from observing the needs in
the specific context of a measures and instrumentation
laboratory, mainly related with access to the means and
equipment to carry out laboratory practice. The purpose of the
work is the use of virtual experimentation to carry out
laboratory practice and also as an alternative tool to meet the
needs of access to the means and equipment of the laboratory.

It is in this perspective that this work was conceived,
having as goal the development of a LO, assuming that it may
be a possible alternative to represent models of interactions
that occur within the object of study. It may help improve the
understanding of physical concepts, in particular those
involved in the subject of electrical circuits. It aims at
characterizing the learning process through a series of
situations that can be repeated, leading to a change of attitude

and involvement of students. It is assumed that the use of this

tool can lead to the acquisition of a specific set of skills, a
better and meaningful practice and significant learning.

IV. OBJECTIVES OF THE EDUCATIONAL SOFTWARE (ES)

According to Circuit Theory | course contents there is a set
of laboratory experiments that provide students with adequate
training and knowledge of circuit theory. The goal is to
provide the technical knowledge to analyze alternating and
direct current electrical circuits, in particular, to know and
understand the various parameters of an electrical circuit:
current, voltage, power, power factor, etc.

When one ES is created, it is also very important to
characterize the type of student to whom it is addressed [10].

The ES will be the best alternative to supply the necessary
learning and practice for the students who are unable to attend
laboratory lessons due to various personal, professional or
logistics constraints. The ES can serve as the basis for
experiments and to deepen learning, even for those students
who are able to attend laboratory classes.

There should be two types of documents in the
development of educational software: one of design and the
other to be used as study support [9]. The support document
should clearly state the objective and relevance of the project
in higher education. In order to be understood by all those
involved, it will be necessary to describe, in plain language,
the requirements the ES intends to develop as well as the
technical issues. The models to be used may include case
diagrams and others of more general description to give a
general overview, mentioning who is involved in the program
and which are the use cases.

The type of ES users must be identified beforehand in
order to create a use case; they are the called actors. The use
cases are used to model a SE and they must be chosen to attain
specific goals. To build any scenario it is necessary to identify
the functional requirements of the system, specifying the
context of the ES, and describe clearly how it will interact
with the student/user.

Each experiment must provide technical/scientific
knowledge to be able to offer instruction and experimentation
of that particular topic. Virtual trials do not have to be
sequential although the sequence of work can help to construct
cognitive models necessary to the learn about the entire
model.

At the end of each virtual simulation it is expected that the
student will feel at ease to enter a real laboratory and perform
the same type of work, without feeling any negative impact or
maladjustment.

In short, with this SE:

1. The target user may be a student of any age with some
basic knowledge of Circuit Theory.

2. It can be used both by the teacher and the students. In the
case of the teacher, it may be used to illustrate
experiments performed outside the lab.

3. It is possible to be used in any computing environment
suitable for this type of software.



4. Each computer can be shared by no more than two
students in the classroom.

By using constructivist theories, a particular scenario was
designed to further the interaction process, thus triggering the
whole procedure as an internal learning process. It is in this
particular scenario that the actions carried out by all actors,
teachers and students, converge in learning processes [11-13].
However, there are relevant aspects that need to be taken into
consideration. It necessary to provide a basis of knowledge
and information to assist the student in the activities he/she
will undertake. As the constructivist theory suggests, it is the
student who will have to take control of his/her own learning
process.

For this scenario, it was necessary to create some type of
support symbols such as objects, texts, graphics editing, etc.
Simulation was used so that the information is presented in a
visual/graphic and intuitive format, allowing the student to
observe relevant phenomena and manipulate
variables/parameters. Other elements may also improve the
proposed scenario, as long as they are considered required and
important.

The ES is created to be available on the internet and its use
may become universal. This tool will provide support to study
and learning for any student unable to attend the laboratory
sessions. It will provide the necessary conditions to be
successful in performing a real task or during a formal
laboratory examination at school. In addition, any student who
can attend all the laboratory lessons will find a complementary
practice tool in this educational software.

This Learning Object (LO) prototype presents interaction
models related with the subject of study, helping to improve
the understanding of physical concepts, in particular those
involved in the subject of electrical circuits. The learning
object used in this work consists of the models of equipment
and its use in educational laboratory software available for
students. Most of the laboratory objects were modeled using
the Autodesk ® 3DS Max ® software. 3D Max, VizUp 5.0
WireFusion ® and HTML5 was the software used to achieve
the intended objective.

V. DESCRIPTION OF THE MODEL OF EDUCATIONAL
SOFTWARE

The overall idea was to create a three-dimensional model
(3DS Max, Maya, Cinema 4 D, SketchUp, Blender,
LightWave or any other 3D tool), reduce the size of the 3D
objects with VizUp and then export them to WireFusion,
where it was possible to add some interactivity. However, all
animations had to be previously built in the source program of
the 3D model. The last step was the production of interactive
contents using HTML5, CSS3 and Javascript and the
introduction of the presentations on the web as offline
presentations.

In the present case, the basis of the project was the
construction of a 3D lab environment (Measures and
Instrumentation) where the equipment and the components can
be seen and manipulated. The project involves simple
electrical schematics, which later can be changed in values,

presenting new results, and displays a set of menus and
submenus to support experiments.

This work was developed to demonstrate how a desktop
VR prototype, “Virtual Electric Manual” - VEMA, can be
applied to an engineering unit and used to enhance security
and resourcefulness in using electrical equipment. Several
interactive scenes were developed to illustrate the idea using a
measurements and instrumentation laboratory as virtual
environment.

The menu with the first interactive experience is the
simulator of a DC circuit. It allows the student to analyze the
setting up of a parallel, or series-parallel resistive circuit series
powered by direct current. In this scene, and together with
these simulations, there are texts supplying the theoretical
explanation of the experiment performed.

The second interactive menu presents the simulator of an
alternating current circuit and demonstrates how the student
can perform the analysis of a circuit with resistors, inductors
and capacitors in series, in parallel or in series-parallel AC
powered; it also provides guidelines based on the texts,
allowing the student to clarify the numerical expressions used
for the resolution of the circuits.

The third interactive experiment, the simulator of a three-
phase alternating current circuit, describes the potential of VR
for electric three-phase circuit representation, with star or delta
configurations, to enable greater understanding and rapid
knowledge transfer. It also provides the opportunity for
interactively designing a setting up and safely investigates the
consequences for the user.

The fourth menu, with the fourth interactive experiment,
refers to a study on the transitional phenomena.

Finally, the fifth interactive menu and experiment is
connected with the series or parallel resonance phenomena.

The practical use of the prototype consists of experimental
interactive scenes. A user interface allows the student to get in
and out of each scene intuitively.

In addition to the experimental interactive scenes already
mentioned, there are other menus: the main menu with a
"Home" page; a menu on the various laboratory equipment.

There are also the menus: "3D Lab", "About", "useful Links"
and "Contacts" already implemented and tested (see Fig. 1).

g VA B

Home

Este website pretende frnecr una is gral das norasde Boas Prticasde aboraio parahabitar o ks com rocedimentos de
condugi adequada e ua expeséncia centiica efoude pricasderofia nu aboratriode pesquia o ndistrial, espetando s ormas.

dos instumentos elérics de medida do aboratii de Medidas e stnmentagin. Wentificar
dpamento eléricos de medi do abortiio. et 20 sk obsenar lguns dados caracerstias

om0 stasinlogia Agender o fndamenos e o xecco e e e

Fig. 1. VEMA'’s first page



The whole menu, with the various equipment, is presented
in Fig. 2.

Equipamentos

Fig. 2. Equipment menu in VEMA

When the students “enter” the virtual environment, a
variety of settings and various equipment is made available,
via the GUI (Graphical User Interface). The purpose of this
information is to give them an overview of electrical circuits
and the corresponding equipment and provide an adapted
environment.

Inside the simulator, the students can visualize a virtual
laboratory installation and interact or simulate a value in any
of the interactive devices, such as a power supply, resistors,
etc. When these parameters are changed, the circuit is
automatically updated and the students can immediately see
the impact of choices in real time.

The contact and experience with the virtual environment
can allow students to quickly be absorbed into small electrical
projects. They can easily identify the parameters involved and
thus develop a greater familiarity, and hopefully learn to
design an electrical circuit with greater confidence.

VI. DISCUSSION

The theories of education and cognitive science
support the role of VR as a training tool [14-18]. According to
Chittaro, constructivism is the main pedagogical support that
stimulates the educational use of VR [19]. Constructivists
argue that individuals learn through their experience of the
world through a process of construction of knowledge, which
happens when students intellectually invest in meaningful
tasks [20]. It can be concluded that the interaction with an
environment or a process is fundamental to the learning
process and VR offers one of the most appropriate methods to
create a contextualized training activity.

The learning theory also suggests that VR can be a
beneficial tool because it confirms that knowledge must be
gained through contextualized activities in authentic
situations, which reflect the way it will be used [21-24].
Finally, researchers point out that students acquire more
information if more physical senses are involved in the
learning process and, as such, VR can be a very useful tool.

The VR program developed in this work used a
WireFusion 5.0 ® authoring tool that allowed its construction
with low cost of implementation by using an educational
license. This was a significant factor in the choice of this
specific program for the development of VEMA. From the
educational point of view, VEMA is not seen as a substitute
of the traditional teaching methods, but only as an additional
resource, which can significantly improve students’ reasoning
and motivation.

The use of the circuit simulator as an educational tool
is a student-centered approach and moves away from the
traditional learning techniques. Students can learn for
themselves, investigating the results arising from data entered
by them, in their own time.

Because VR desktop applications are reusable, and
advantageous for updates, they will potentially allow a
reduction in training budgets; furthermore, because it is
possible to distribute them on the web, it presents itself as a
really attractive option both for education and industry.

VEMA offers students an opportunity to deepen
understanding, increases their insight into the procedures and
trains them to interact with the equipment. This prototype
addresses these issues and highlights the potential benefits of
the use of VR for this purpose. Each experiment provides
technical/scientific knowledge in order to give the student
information and training in the relevant study contents.

VIlI. CONCLUSION

In the design of a virtual reality system, the selection
of the most appropriate tool is an essential component in the
development of a VR program. The level of flexibility and
pre-programmed components can vary substantially among
software tools. Many resources require a special attention
from the designers regarding the supported file formats for
3D importing models, polygon count, object sizing, type of
animation, collision detection, extensibility, support for VR
input/output devices, 3D libraries, widgets, development
support and methods of publication of an application.

The added value of these various features in the
educational context is that they contribute to the construction
of new virtual environments, able to benefit the
communication between teachers and students and among
themselves, thus creating new opportunities for each student
to participate more actively in histher own learning
construction process. Rather than being seen as mere
information files, these e-learning platforms should be
perceived as a means to promote interaction and
experimentation through technological resources [25].

The challenge for educators is to be able to act as
facilitators of that process by guiding students to become
critical and engaged citizens in this new information society.
On the other hand, Institutions must develop programs that
allow students and teachers to be part of this whole project.
The economic, social and technological changes require
individuals to learn to tackle the new challenges posed by
these constant transformations.



It is important to raise students’ awareness that

learning is a continuous process; much more than a duty, it is
a right. The advantages offered by the media and the
possibility of processing information, through increasingly
powerful computer programs, can bring significant benefits
to the learning process.
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