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Abstract: Virtual laboratory technology allows
experiments to be carried out under conditions
that in some cases cannot be found in the
laboratory, as well as access to the use of
interaction with laboratory elements in an
environment generated by computers. This type
of laboratory has allowed the simulation of
experiments using devices such as the computer,
to increase freedom in carrying out the
practices, being able to execute them as many
times as desired, at a time according to the
student’'s time availability, without requiring
materials or elements. real and without putting
the person carrying out the experimentation at
risk. The development of a computational tool
that supports the apprehension of knowledge in
the area of DC electric circuits is presented, the
motivation to carry it out was that this topic is
taught in a large part of engineering and the
existing applications do not emphasize the basic
topics, in addition of the scarce supply of free
computer programs. The laboratory designed
and implemented is made up of six options, four
educational and two required in the application;
the educational options allow to carry out tests
of basic knowledge, review the theoretical
foundations of the subject, execute numerical
exercises and carry out the assembly of circuits.
The application options are for starting and
exiting the application. The acceptance of this
proposal by the students was high, showing
interest in its use, most of the respondents
consider it attractive to reinforce the theme.
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l. INTRODUCTION

Technological developments, with  the
convergence of information technology,
telecommunications and electronics that lead to the
digitization of information, have impacted all fields
of life. The adoption of these elements and their
integration into the routine of daily living has been
due to continuous improvements in hardware and
software (more striking, quick response to the
actions that are submitted). The perception of the
environment, as well as the knowledge and control
of it, is being given by the universal digital network
created, defined as a collection of different
elements, among which are the Internet,
communication networks, mobile devices, etc. [1].
In 2019, 49% of the world population connected
using Internet services on a mobile device, mobile
phone users exceeded 5,000 million, the number of
SIM cards was higher than the number of
inhabitants on the planet, these are data from the
report annual event given by GSMA within the
framework of MWC (Mobile World Congress), an
event that brings together participants from the
mobile  industry, attended by executives
representing global mobile operators, device
manufacturers, technology providers, suppliers and
content owners [2].

Examples of technology inclusion are found in
the home, where there are appliances that can be
programmed according to the family's needs, as
well as virtual games for entertainment. In the
hospital premises, remote medical consultations can
be carried out, the patients are connected to the
doctor through the network, the measurement
equipment that collects data and uploads it to the
cloud are also observed to be analyzed by
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specialists who are in a distant geographic location.
In industry, technology has made it possible to
reduce human effort, carry out processes with
greater accuracy, improving the use of raw
materials, reducing the risks of handling equipment
or substances. Communications have advanced
vertiginously, promoting ubiquity as people interact
in distant places at the same time through
teleconferences with high transmission speeds. The
communication equipment is robust and of low
weight and size; In the cultural part, where the
artistic, musical, literary, among others, meet, the
events are broadcast in mass and in real time. The
area of education has not been isolated from the
technological incursion, a trend in professional
training is distance education as coverage is
expanded to include different groups of people,
there are needed virtual spaces that provide the
necessary infrastructure to support this type of
teaching-learning, from the offer of academic
programs, continuing with the enrollment and
enrollment, the spaces for teaching and for
practices, to name a few; hence the urgency to
incorporate innovative strategies and adjust
teaching processes to the continuous changes
present in the current knowledge society [3]-[6].

Laboratories are spaces where the knowledge
transmitted in theory is reinforced, this important
didactic resource allows the student to appropriate
the theories, concepts, laws, etc. shown in the
theoretical sessions of the different subjects; Hence,
it takes different names depending on the
geographical context, in North America it is known
as “laboratory work”, in Asia, Australia and Europe
it has been called “practical work”, while in Latin
America and Cuba “laboratory practices”. The
development of laboratory practices requires
temporal and  spatial  organization,  with
environments where activities such as collaborative
work, interaction with various sources of
information, manipulation of equipment, obtaining
answers to problems, are carried out, all these
conducive to strengthening both psychomotor and
social activities from a disciplinary perspective. As
spaces with elements and devices are required to
carry out the practical sessions, access can become
difficult, since it is because there are established
schedules for entry that sometimes do not agree
with the student’s time availability, or for a limited
amount of time. elements that do not meet the
demand. A solution to these limitations is the
creation and use of Virtual Laboratories [7]-[9].

The Virtual Laboratory is a concept derived from
virtual classrooms, where teaching / learning spaces
created on computers and connected online by
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Internet are proposed; These models reproduce the
didactic environments of physical laboratories, in
contexts where the possibility of physically
bringing students and teachers together is difficult.
Thus, virtual environments as a result of
technological advances are shown as a
revolutionary tool where several people come and
can interact with each other and with elements of
the laboratory, representing these in such a way that
they physically imitate the real elements of the
laboratory. In this environment, simulations of an
experiment can be carried out, knowing one's own
environment, expanding knowledge, working on
common projects, which makes its use enriching
and attractive [5], [10], [11]. The many advantages
of virtual laboratories, including ease of use,
increase in laboratory practices without the need for
physical presence, feedback from practices,
verification of learning, have made these teaching
spaces have reinforced their use [11].

Covid-2019 and the time of crisis where mobility
is restricted have shown that technology plays a
fundamental and decisive role in  human
interactions, as it provides communication tools that
support different processes, such as education. The
urgency of having virtual spaces for teaching and
learning has been observed and providing tools that
make it possible for educational centers to carry out
their work of training the country's youth. One of
these spaces is virtual laboratories, they are born
due to the difficulty of finding computing
alternatives, making the use of technology in the
development of applications unavoidable to
continue with academic activities. However, not
having laboratories could trigger a series of
inconveniences in the teaching and learning
process, especially in the areas of engineering and
technologies, which are considered a fundamental
piece in the development of countries. It is a
contradiction to have engineering faculties
dedicated to the areas of information and
telecommunications that do not respond to the
needs raised today in times of pandemic. In this
sense, software systems that allow the student to
interact through virtual laboratories are essential to
maintain the technological infrastructure and
support the processes of education [5], [12], [13].
Hence, in times of personal isolation or difficulty in
traveling to laboratories, virtual laboratories can
provide students with a useful experience [14].

In the engineering area, teaching requires
practice spaces to put the student in contact with
reality; if it is limited to the presentation of
concepts, including the resolution of exercises, the
learning will be insufficient. Laboratory practices
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are essential to understand and retain the concepts
given in the theory, observation and contrast being
necessary to verify results and obtain conclusions.
The subject of electrical circuits is based on
different engineering, it is approached with
theoretical classes accompanied by exercises and
reinforced with experimentation in the laboratories
of the exposed texts, the latter vital for the
appropriation of the concepts, since the student
must be able to apply the concepts in a real
experiment and draw your own conclusions [14]-
[17].

The teaching of the subject of electrical circuits
has had several facets, always considering the
apprehension of knowledge as a combined
relationship between systematized information (of a
scientific nature) and non-systematic cultural
information (of a popular nature), it has mainly
been based on three models: 1. “Heterostructuring”,
knowledge is presented in a structured way, the role
of the teacher refers to the transfer of knowledge
through didactic tools, then the active role in this
training process is in charge of the teacher while the
student is passive in their academic training. 2. Self-
structuring: the pedagogical processes have
minimal orientation, therefore the motivation for
the student to undertake the task of acquiring
knowledge is key, here the role of the teacher is the
motivator  centered on the student. 3.
“Interstructivism”: it is a mix between the theory of
Constructivism formulated in 1973 by Piaget and
the one proposed by Papert in 1991 called
Constructionism, in this model knowledge is
obtained through the interactions of the subject with
their environment, interaction with the environment
is promoted for the understanding and search for
knowledge, building a constant evolution in
apprehension, hence the student is active in building
their knowledge and the teacher becomes an advisor
[18]. Regardless of the model used, the demand for
attractive pedagogical tools for the student is
envisaged that promote the application of activities
where real-world practices are involved, as well as
the increase of interpersonal skills and motivation
of students in the face of pedagogical problems, in
such a way that Adverse aspects are counteracted,
among which are: difficulty in learning due to the
complexity of the content, demotivation and
disinterest due to the lack of practical approaches.
For this reason, new learning approaches have been
proposed where the goal is to provide full and
coherent learning with the professional reality
present in the software development labor market
[19].
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The online teaching-learning process using the
Internet is carried out in virtual spaces called virtual
classrooms, in this environment educational
concepts and experiences are shared using
communication systems mediated by computers.
Their objective is to model or reproduce the
didactic environment of physical classrooms, they
are used in contexts where it is impossible to attend
in person. Due to the different scenarios existing in
educational institutions, other virtual spaces have
emerged that represent them, such as laboratories
and libraries [3], [10]. Virtual Laboratories have
achieved great developments in all areas of
knowledge, since they constitute a whole system of
intellectual exploration, conceived to promote
learning, for this reason they have emerged in
response to the need for remote interaction between
students and teachers, students and students and in
general of the entire academic community [17],
[20]. In times where technology is immersed in all
fields of life, education requires the sharing of
courses, seminars, conferences, learning objects,
and academic resources among people located in
different geographic locations [21].

For the sake of connectivity, it has been possible
to have lightweight devices, such as tablets or cell
phones, which are widely used in all social strata
and age groups since they can be used in numerous
situations, mainly for social purposes, but their
potential to service in collaborative learning is quite
high. Digital technology with a disposition to the
social part facilitates social interaction and
collaborative practices, where students select and
control the rhythm of their learning using various
tools, such as videos, audio recordings, group
management and storage and use. shared data, to
name a few. For this type of teaching-learning, it is
necessary to generate spaces where students
develop physical and intellectual abilities and
competencies that allow them to articulate and
apply knowledge to solve problems in the real
world [18].

The project that is exposed is the creation of a
virtual environment where technology, pedagogy
and didactics are integrated so that students from
the D.C. they can validate their knowledge and
reinforce the theory seen in class; It is an
environment where the essential components of
circuits, resistors, inductors, capacitors are
observed, in addition to an explanation of their
construction and operation, additionally there are
solved and proposed exercises of the basic laws,
such as Ohm's law and powers. Once this tool was
built, it was made available to the students of the
Introduction to Electronics subject, in the
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Introduction to D.C. Electrical Circuits module,
who validated its operation and contribution to their
learning process.

Il. METHODS

A. Research process design

Construction of the software was based on the
methodology proposed by Guevara and Luengas
2008 [13], where a method is proposed to develop
the research process that includes: definition of the
topic, description of the problem, definition of the
objectives, justification, development of the frame
of reference and determination of the
methodological design, Figure 1. From these
elements, ideas are generated about the topic to be
addressed, reflecting on the needs and problems, to
design and build the laboratory, and subsequently
be validated.

=2

Figure 1: Research process to develop the virtual circuit
Laboratory D.C. Adapted [13].

The theme of D.C. electrical circuits was chosen.
Since it is a recurring teaching topic in the
engineering area, in addition to the fact that in the
Electronics and Electricity programs of the
Universidad Distrital Francisco José de Caldas,
Bogota, Colombia, it presents high academic
mortality, the repetition of this subject is high in
comparison with another of the same semester.
Conducting interviews with students who take the
course about the loss of this, it was evidenced that
there was not easily accessible, striking, free study
material that allows checking what was taught in
class, this lack means that knowledge is not
reinforced or validated. In consideration of the
above, a project was proposed whose general
objective was: To develop a software tool to

Volume 3, 2021

84

accompany the students' work about Circuits D.C.
The following were established as specific
objectives: 1) Creation of a virtual laboratory for
Electrical Circuits D.C. basic. 2) Writing of subject
scripts adapted to the virtual methodology

With the established goal, we proceeded to set
the motivations that lead to the development of the
project: to provide a computational tool that allows
students or people interested in the subject of
Electric Circuits D.C. Review and test the
knowledge acquired in the classroom, this should
facilitate the user's self-evaluation in an active way,
be easy to use, free, can be installed on any
computer, with self-content to provide what is
necessary in the realization of the practice and
contain the concepts to be worked on during the
practice.

The agreed theme to work on was consulted,
allowing the construction of the state of the art and
the theoretical framework, determining the basic
aspects addressed in the tool: Basic concepts,
electric charge, electric field, voltage, current,
electric power and resistance. Elements: resistor,
capacitor, inductor. Circuit laws: Ohm's Law,
Kirchhoff's Law, Power Law. Resistive arrays:
series, parallel.

The agreed methodology was an adaptation to the
one proposed by Guevara and Luengas [12], who
propose that the research be carried out in three
phases. A first phase to establish the requirements
of the interaction system. The second for the design
and construction of the software interface that
contains the elements of the basic laboratory. The
third allows verification of operation. The stages
contemplate a series of activities to be carried out in
order to obtain a functional laboratory, these can be
carried out using a spiral methodology, in such a
way that at the beginning an incremental version is
carried out (sketch of the model proposal),
consistent with improved versions and in the last
iterations the production of software that
increasingly resembles the designed system, Figure
2.
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Planning and Organization

atio n

Conceptualization of themes
Development of the proposal
Evaluation and feedback
Verification and maintenance

Figure 2: Methodology adopted for the generation of the
virtual laboratory of electrical circuits D.C.
in

The phases assorted

included:

the methodology

1. Planning and organization of each of the stages
in order to define the goal of each one, the
associated activities, the profiles of the group of
people who will actively participate in the
execution of the project and the technical tools
required.

2. Establish the requirements with the business
modeling, determining the different characteristics
that the software must meet and the main processes
to be carried out; therefore, process diagrams, the
domain model and a glossary of terms are
established.

3. Perform the analysis to study the requirements
set in the previous stage and build a model proposal
where the essential components of the system and
its operation are established, defining the
technology, the software to be used, the initial list
of use cases, the debugging these, the model and the
documents of each use case.

4. Propose a conceptual view of the laboratory,
building sequence, collaboration and activity
diagrams for each use case, the state diagram and
the analysis model.

5. Carry out the programming tasks of the
systems that make up the laboratory, making use of
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deployment diagrams, packages and components
and the code of each one of the subsystems.

6. Carry out integration tests of the systems that
make up the laboratory, for wverification and
improvement.

B. Laboratory Design

The software developed consists of an
application that can be installed on any computer
that has Windows as the operating system. This
operating system was chosen for being the most
popular; The intention of the development is
focused on reinforcing the learning of students
interested in the area of D.C. electrical circuits, with
fundamental topics of the subject, such as: Basic
elements, such as resistance, capacitor and coil;
Circuit laws, Ohm's law, Kirchhoff's laws, power
law; Resistive arrays.

The virtual space of the D.C. electrical circuits
laboratory It was designed to have: Support of
theoretical material, where the basic elements of
D.C electrical circuits are exposed; Questionnaire to
check if the concepts are clear; Perform exercises
and see if they are correctly solved; Construction of
resistive arrangements to verify proper connection.
Hence, the application is composed of six options,
four educational and two required in the
application: Home, where the use of the software is
welcomed; Questionnaire to carry out basic
knowledge tests; Concepts shows the theoretical
foundations of the subject to be studied, in such a
way that if there are knowledge gaps, they can be
clarified in this option; Exercises proposes a series
of numerical exercises to reinforce the theoretical
part of calculations, making use of the basic laws of
circuits; Practice proposing to carry out the
assembly of circuits; Exit is used to end the
application. The Questionnaire, Exercises and
Practice options are validated at the time of their
execution, in such a way that the student can know
the successes either in the answers or in the
assembly. Each of the didactic options that the
software allows is made up of: Images, with graphic
representations of each of the elements; Text, to
make known the written description.

The software chosen was Matlab® as it allows
the creation of graphical user interfaces (GUI-
Graphical User Interface in English), where the user
interacts with the digital information found in the
application through a graphical simulation
environment to perform the different options
presented by the laboratory. Matlab® is a
simulation software package used in engineering for
programming and numerical calculation, it allows
the design, analysis, visualization and simulation of
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electrical and electronic circuits carried out in a
graphical interface (GUI). The interface can be
made extremely realistic, for students to use a
mouse and graphics options to create diagrams. In
previous studies, groups of university engineering
students were investigated in an electrical circuit
class, noting that Matlab® provides students with a
pleasant environment to develop their knowledge of
electrical behavior.

The interaction in the GUI is WYSIWYG (What
you see is what you get, 'what you see is what you
get"), also called object-action-interface (OAl), the
objects present in the graphical interface act
representing the action to be taken. The use of
images favors the apprehension of knowledge, since
cognitive psychology is used making the brain work
more efficiently, reducing verbal processes and
therefore the extra layer of interpretation to the
communication  process.  Another  advantage
associated with the use of GUIs is the almost
immediate response of an action within the
software, this allows to know the evolution in the
execution of the practice.

The design was made taking into account the
objective of the application, as well as the
characteristics and operation. The characteristics of
having an application with a friendly, intuitive and
easy-to-use interface have been set, where
fundamental issues of D.C. electrical circuits are
integrated. and to be able to install it on a computer
that has a Windows operating system. As for the
operation, once you start using the application, the
main menu is presented with the different options in
the form of tabs; Once the desired option is chosen,
the educational content is accessed, as mentioned,
the images that represent the elements are
displayed, along with their description and their
symbol, so the student can identify the
characteristics of each element contained in the
application, developing their process Learning.
With this information, the use case diagram was
created, in order to know the communication
specifications and the behavior of the system, as
well as the interaction of the application with the
user. Figure 3 shows the diagram to observe the
relationship between the actors and the use cases in
a system.
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ENTER THE
APPLICATION

000

Figure 3: Diagram of use cases of Laboratory of Electric
Circuits D.C.

The understanding of the connection between the
application processes is observed in the sequence
diagram of Figure 4, there the dynamic behavior of
the laboratory is described, emphasizing the chain
of information exchanged by the objects. The
sequence  diagram  represents  events in
chronological order to describe how objects (and
instances) exchange messages in a certain order.
Objects represent characteristics of an element of
the system. In a system, requests are made and
responses are constantly sent. The recipient makes
decisions based on the specific request and their
own predefined rules. The possible decisions and
interactions are represented in this diagram in linear
form.

APLICATION

‘ ‘ OPEN

APLICATION

OPTIONS

SEE OPTIONS

| SELECTIONS

CHOICE

SHOW GRAPHIC CONTENT

h A 4

SHOW TEXT CONTENT |

Figure 4: Laboratory sequence diagram.

Once the application is accessed, basic
information about the software is displayed, there
are the laboratory exploration options. You can
select one of them and navigate within the content.
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I1l. RESULTS

In the absence of an experiential learning
experience in a physical laboratory, there are
alternatives that allow the behavior of electrical
circuits to be simulated in detail. This article
presents a simulator that allows you to practice the
concepts learned in class for a better understanding,
making use of free interactive software, free to use,
which can be downloaded to any mobile device or
desktop computer. It is mainly delivered to the
students of the Francisco José de Caldas District
University in Bogota, Colombia, since most of
them are of low economic resources and cannot buy
didactic tools. The purpose of the electrical circuits
laboratories is to allow students to develop analysis
and design capabilities through the construction of
circuits, there students apply their theoretical
knowledge in the integration of electrical materials
and components such as resistors, capacitors,
inductors and instruments. of measurement and
generation of energy such as sources, multimeters,
function generators, etc. A particular configuration
or topology called an electrical circuit is created.
Under current conditions, with restricted mobility
to classrooms due to the pandemic, students have
been deprived of the accompaniment of teachers to
solve doubts and carry out laboratory practices, for
this reason laboratory practices were designed
considering the software available online and
specific topics seen in class.

Figure 4 shows the initial image of the
proposed Virtual Laboratory of Electric Circuits
D.C, there are the five tabs to select the action to be
chosen.

VIRTUAL LAB OF ELECTRICAL CIRCUITS

INARL CORCETTS DER

i

VIRTUAL LAB
ELECTRICAL CIRCUITS DC

NS
il

Investigafion Group: METIS

UNNERSOAD DISTRITAL
FRANCISCO JOS€ DF CALDKS

Figure 4: Initial screen of the D.C. Electric Circuits

Virtual Laboratory.

1. HOME is the presentation of the laboratory.

2. QUESTIONNAIRE allows to validate the
concepts of the subject. A series of questions are
presented to be answered using the multiple-choice
technique. When the answers are correct, the
message is displayed: “EXCELLENT, YOU HAVE
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12 POINTS”, otherwise it appears: “OOOH, YOU
HAVE FAILED, TRY AGAIN”, Figure 5.

VIRTUAL LAB OF ELECTRICAL CIRCUITS

HOME UESTIORNARE CORCEPTS EXERCISES PRACTCE LS

1. Aresistor of 220 Ohms 5. Cumentis mezsured in 9, Capacitor s buittby
has the coiors

s st A o comt e pres s

2. The slement that opposes

6 The work done per untof 10. The lemsnt fomed by
th passage o curentis me s cale

d wound wirs s

3. Electrical charge of
dhoctron s

7. Power s measured in 1. Voltage Is measured in

. Anather name of voltage is 12. A stap-up tanstormer

A tanslomer s mads up
of has a elationship

EXCELLENT, YOU HAVE 12
POINTS

VIRTUAL LAB OF ELECTRICAL CIRCUITS

HOME QUESTICHAARE CONCEPTS EXERCIES. PRACTICELAB

1. Aresistor of 220 Ohms 5. Cument s maasured In

s the calors.
ottt

9. Capacitoe s bult by
e e e s ety

. Tha slement that opposes . The work done par unitof
the passage of cumert s timeis calld

10, The element lormad by 3
wound wis is

1 Eloctrical charge of 7. Power ks measured In

whoction fs

1. Vokage s measured in

4. oo nare of vlaqu s 12, stepeup bansformer

. Aransfommer s made up
of has a relaionship

Pover v =

OOHH, YOU FAILED, TRY
AGAIN

Cao

Figure 5: QUESTIONNAIRE screen.

3. CONCEPTS, if the student needs to remember
the theoretical bases of circuits, in this option the
fundamental concepts are presented, as well as the
description of the elements used in circuits such as
Resistors, Inductors and Capacitors, in addition to
the explanation of the fundamental laws in the area,
Ohm's Law, Kirchhoff's Laws, Power Law, Figure
6.

4. EXERCISES present a series of numerical
approaches to be developed using Ohm's Law,
Power Law, Kirchhoff's Laws. Once the proposed
exercises are carried out, the student selects the
result, and the application verifies the correct
answer by throwing messages like those shown in
the QUESTIONNAIRE option.

5. PRACTICE proposes a series of resistors
assemblies, the circuit to be assembled is indicated
either graphically or text and the student must move
the elements so that they coincide with the
proposal; As in EXERCISES and
QUESTIONNAIRE, it gives some messages once
the assembly has been carried out.
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VIRTUAL LAB OF ELECTRICAL CIRCUITS

EXADSES HATEL

e
gt eds s

e

i

CAPACITOR OR CONDENSER

Passive electrical component that stores
electrical charge in response to a voltage
variation, has the property of capacitance, its
valueis given in Farads (F).

It is built with two parallel conductive plates
separated by an insulating material called a
dielectric.

The figure shows the symbol and a
commercial capacitor.

| -

INDUCTOR OR COIL

It is a passive element that generates a
magnetic flux and can accumulate energy in
the form of a magnetic field if it is crossed by
an electric current, its value is given in
Henries (H).

e is made up of a wire wound around a core.
The figre shows the symbol and a
commercial inductor.

e
&

Characteristics:

*+ Working voltage: maximum voltage to
which the capacitor can be subjected
without causing damage.

* Formats: tubular (normally electrolytics
use this format), disk (ceramic), axial (it
has a terminal on each side of the
component) and radial.

* Leakage current: Current that flows
through the dielectric of the discharged
capacitor.

+ Tolerance: maximum error that can exist
between the real capacity of the
capacitor and the capacity indicated on
its body

Characteristics:

* Electromagnetism: When a current
(whether alternating or direct) travels
through a conductor (cable), it
generates an invisible effect called an
electromagnetic field around it.

* Magnetic permeability: factor that
determines the greater or lesser
sensitivity to magnetic fields.

* Inductance: the passage of a variable
current in time produces a voltage.

each option is evaluated and the exit button is used,
resulting in correct operation in all the tests.

The evaluation of the application, a critical
element in Software Engineering, allows to
guarantee the quality of a software, in addition to
verifying if it has the correct specifications, design
and coding. This evaluation is carried out once a
functional interface prototype has been created,
there is a wide range of possibilities to carry out the
evaluation, starting with an informal test like the
one described in the previous paragraph, until
observing the user's response when using the
application, going through assessment using
questionnaires. The evaluation included factors of
the evaluation criteria used by educational software
evaluation consortium, such as ease of use,
versatility, audiovisual quality, content quality,
navigation and interaction, novelty and use of
advanced  technology, pedagogical aspects,
didactical resources, stimulates the initiative and
self-learning. This type of evaluation is knowing as
evaluation for action because it provides
information that is needed to take decisions. The
evaluation of the Virtual Laboratory of Electric
Circuits D.C. was carried out using the Nielsen
method, where the impressions of students are
collected once they used the application. Twenty
students were selected from the Electrical Circuits
course, see figure 7. The questionnaire uses the
Lickert scale, with integer numerical values
between 1 and 5, where 1 = Totally disagree and 5
Totally agree, the questions are showed in Table 1.
The scores were used in determining the internal
consistency of this software by Kendall's
Coefficient of Concordance method. A value of
0.941 (p>0.05) was obtained.

Figure 6: Contents of the CONCEPTS option.

Once the development of the application is
finished, it is installed on computers in order to
carry out functional tests. It is verified that the
menu options are functional and correctly display
the graphic and text content. For this, the entry to

Figure 7: Students using virtual lab.

Table 1: Items of evaluation.
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No. ITEM
1 | Itwas very easy to learn how to use
this system
2 | Using the system was not frustrating
3 | I had errors when using this system
4 | Itis easy to identify common elements
at all levels of the system
5 | The different elements of the interface
contain simple and concrete
information
6 | Images are clearly distinguished
7 | The way I navigate is simple
8 | The presentation of the interface
appeals to me
9 | I think it is an entertaining way to learn
10 | The system is fast and efficient.

The mean of the responses obtained in the
evaluation of the application is shown in Figure 8.
The acceptance of the generated software was high,
with a score of 4.8 out of 5. The lowest score was in
the errors made when using the software, a possible
explanation is that the students did not follow the
directions given. Overall, the students found it an
enjoyable way to review the concepts taught in
class. Test showed that in functionality the software
is ease of use, the people used the educational
software without having to read the manuals
exhaustively. The content’s quality was high, the

information is well structured, and does it
adequately distinguish the objectives, context,
results, multimedia resources, the content is

validated, and it is related with situations and
problems of student’s interest; also, examples,
simulations and graphs are part of the system. In
adaptability, the software is versatility, and it is
easily integrated with  other  educational
environments, this software allows for new
techniques and better learning. It is allowing for
activities that keep the curiosity and the interest of
the students in the content, this a great pedagogical
aspect. Other advantage are stimulation of the
initiative, self-learning, and cognitive effort of the
activities. The efficiency is in visual quality, there is
no excess of information, it has a rigorous scenario
design which includes title, menus, graphics.
Additionally, the software has a good program
structure that allows easy access to content and
activities, the program execution is efficient and
with no operational errors, the navigation system is
transparent, allowing the user to control actions.
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Figure 8: Mean of the responses to the questionnaire.
IV. CONCLUSIONS

The use of virtual laboratories in learning has an
important role in the apprehension of knowledge.
Several studies have shown that the virtual lab can
replace classroom labs [14] - [17]. Brinson [22]
concluded that both the virtual laboratory and the
classroom are pedagogically equivalent, both have
great benefits for learning, this after analyzing 56
articles that evaluate the performance of the virtual
laboratory with respect to classroom laboratories.

Today, the development and use of virtual
laboratory is progressing immensely. It seeks to
help students understand and reinforce the concepts
given in class. The virtual laboratory is a simulation
program with shared resources on the network
developed so that users can remotely put into
practice the knowledge acquired in the classroom
[13], [23]. The implementation of the virtual
laboratory requires several considerations: First, to
introduce students to the use of these computational
tools. Second, to provide the adequate concepts for
the use of this laboratory to be successful. Third,
plan the practices to resemble the exercises done in
the classroom. The efficiency of the use of virtual
laboratories in teaching depends on the inclusion
methodologically and pedagogically competent
[22], [24]-[26].

The use of virtual laboratories represents an
opportunity for the teacher to stimulate the student
with educational technology, the responsibility to
learn by himself and transfer his learning to the real
world; It also involves the challenge of developing
game-like materials with educational interests.
Constructivist theories of teaching are those that
provide the most support today for the use of skills
that students already possess and their use to solve
new problems, acquiring useful learning for the
future [26]. Using methods that involve computer
technology in the classroom brings an advantage for
the teacher, since students are more stimulated to
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learning using virtual environments. When the real
laboratory is not possible or convenient, the virtual
laboratory is a good substitute or at least for
training before performing dangerous practices,
especially if there are mechanical or virtual reality
simulators instead of a simple one screen [27].

Some of the main reasons for the use of these
computational spaces are: decrease in the
investment of expensive machines, the expansion of
access to laboratory equipment, in the laboratories
carried out by groups of students, direct and
cooperative work can be observed but it is
necessary reinforcing autonomous work, limited
availability of free time in laboratories to carry out
practices again that allow consolidating knowledge
on a specific topic, reducing the cost of consumable
items, little ease of traveling to the university
classrooms, to name a few reasons [26], [27].

But it is importance a methodology in the design
and implementation of this tools, for this reason we
propose a research process with three phases. This
design allows build laboratories to response a real
problem.

The basic DC electrical circuits laboratory allows
the simulation of experiments in an easy and safe
way, with presentation of results in graphic and text
form. The system allows monitoring and controlling
the work of students, by combining monitoring
tools when using the software.

It was possible to show that the computational
tool generated has high acceptance among students,
which may indicate the existence of feasibility of
use of the system, since it allows exploring and
reviewing the basic concepts of DC electrical
circuits, in times dictated by each student, and make
use of the system as many times as you like.

Taking into account the results of the evaluation
of the software, the application is expected to
collaborate in the apprehension of knowledge, in
addition to guiding in the implementation of real
laboratory practices in order to strengthen scientific
competence in the area.

Creation of free virtual labs using the Matlab®
GUI is unknown, even though this software is
widely used in Engineering. This is a first attempt
to incorporate free technological tools in the
teaching-learning processes aimed at students of
electrical circuits at the Universidad Distrital
Francisco José de Caldas. In the future, educational
software is expected to include other circuit
arrangements and other elements.
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