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Abstract—Focusing on electrical circuits as the topic for a STEM project,
this research aims to develop virtual reality media for student learning. Using
virtual reality media to perform STEM electrical circuit activities, data was col-
lected and analyzed. The virtual reality media was then evaluated by five ex-
perts who used the Index of Item-Objective Congruence (IOC) to assess its ef-
fectiveness, where the IOC for each criteria was 0.8 or higher. Moreover, after
evaluating it with the Diffusion of Innovation Theory (DOI), the arithmetic
mean of its effectiveness on the diffusion of innovation was 4.32, with a 0.48
standard deviation. This demonstrates that the use of virtual reality media was a
beneficial innovation at a high level. Afterwards, the developed virtual reality
media was evaluated by a sample of 30 subjects in the areas of VR features, us-
ability, learning experience, and VR measurement outcomes. The findings show
that its arithmetic mean was 4.67 with a 0.47 standard deviation, meaning the
developed virtual reality media was an effective for electrical circuit learning at
the highest level. Furthermore, after evaluating its effectiveness in the area of
information technology acceptance, it was found that, for these criteria, the
arithmetic mean was 4.64 with a standard deviation of 0.48. This indicates that
the subjects generally accepted the use of virtual reality media for use in learn-
ing STEM activities at the highest level. It can be said that the development of
the virtual reality media for learning STEM activities with a focus on electrical
circuits enhances the learning process of the learners who confirmed such
statements at the highest level, with an increase in subject understanding of the
learning activity and self-satisfaction, while at the same time reducing the prej-
udice learners have towards the study of electrical circuit installation.
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1 Introduction

The study of electrical circuits is the basis of contemporary technology which re-
quires a basic knowledge and understanding of electricity. This is a requirement in the
electronic equipment and electronic devices assembly industries. During the produc-
tion process, engineers in this field must apply their knowledge of electrical circuits,
from design, through production, and then delivery. In general, electricity is intangi-
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ble. Learners must use their imagination and electronic laboratories to support their
studies and develop their comprehension. While studying, the learners must be cru-
cially careful as there are dangers associated with working with electrical components
and appliances, some of which can be lethal. Electronic laboratories normally require
expensive experimental instruments and other equipment, so it is important to main-
tain a high level of safety and spend huge budgets on the preparation of electrical
circuit-intensive materials and equipment for learning. Poor educational institutions
may make use of two-dimensional educational demonstrations or presentations to
teach students the fundamentals of electrical circuitry. The pictures shown in text-
books, websites, social media, etc., tend to provide the learner with a degraded expe-
rience when compared to hands-on activities.

Virtual Reality (VR) is a technology that has been well-received, being successful-
ly applied in the field of education. Also referred to as ‘Virtual Reality Learning Envi-
ronments’ (VRLESs) [1], recent studies have demonstrated that virtual learning appli-
cations can provide the learning tools that support learning in a rapid and entertaining
manner (Pan et al., 2006). By using virtual reality, students are able to learn in a near
hands-on environment. This mode of learning is a tool that has become greatly appre-
ciated by instructors and learners [19], [20]. Principally, virtual reality technology has
three common features, being interactive, immersive, and imaginative. The immersive
quality refers to how a user can directly engage in the three-dimensional scene via the
presentation of a virtual model, so that the user can transform him/herself from a pas-
sive receiver into a genuine participant [21], [22]. The interactive aspect provides a
real-time response and feedback model by modifying and configuring the parameters,
allowing the design cycle to be shortened in the same way that manpower, and finan-
cial resources, required for repeated modification of the traditional design, can also be
reduced. This imaginative feature signifies that the contents, which cannot be usually
recognized, or experienced in the real world due to immature technology, or high
costs, can now be realistically imagined via the use of virtual reality technology.

Thus, this research explores the idea of using virtual reality media for illustrating
the content information in the form of a three-dimensional model. Studying towards
the media which could be virtually sensed by the users can widen the users’ vision
and viewpoint of learning. This enhances the attractiveness of the content, in this case,
electrical circuits, since the users can virtually and realistically experience the elec-
tronic laboratories safely. The users can study at their own pace whenever and wher-
ever they go. Moreover, it can help the users or instructors save on costs as some
electronic devices cannot be reused for learning purposes. When the virtual reality is
combined with STEM-based learning, in which the scientific learning tools and engi-
neering and mathematics technologies are applied, users are motivated to actively and
quickly learn about electrical circuitry via virtual reality media. They are more likely
to enjoy the learning process as this is a new and modern learning technology which
is extraordinarily different from other learning tools like textbooks, or other forms of
two-dimensional media.
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2 Methodology

The research methods for studying the development of the perspective electrical
circuit simulation with virtual reality tool to teach electrical circuit, include the fol-
lowing steps:

2.1  The Circuit to Be Simulated through Virtual Reality

The electronic circuit to be simulated in this study is equipment required for elec-
trical circuit installation such as a project board, multimeter, DC power supply, and
resistor. Then, take note of the information about the direct current electrical circuit
installation in various forms such as a simple circuit, series electrical circuit, two-loop
circuit, three-loop circuit, and compound circuit. The value configuration for each
electrical circuit installation is set as shown below:

e E refers to Voltage

e R refers to External Resistance
e rrefers to Internal Resistance
o [ refers Electric Current

According to Kirchhoff’s current law, Kirchhoff’s voltage law, and Mesh current
method, these values are used for calculating the formulae.
Series resistor installation

YR=R + R, + R;++R, (1)
rr=n+n+rnto+n 2

Parallel connected resistor installation

YR=—F—F—— 3)
R’y Ry Ra
1
Lr=T oo T )
Tl TZ T3 ™

The voltage and electric current calculation.

YE=E + E,+ E; +--+E, (5)
_ _XE
T ZR+Ir ©)
Zlin = Zlout (7)
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2.2  Designing the perspective electronics circuit simulation with virtual
Reality

The design of the perspective electrical circuit simulation with virtual reality tool
to teach electrical circuit for learning STEM electrical circuit activities is determined
by the equipment and the direct current electrical circuit installation. Users can oper-
ate the virtual reality by looking through the camera headgear. The cardboard is made
from hard paper with a hole to install a smartphone as illustrated in Figure 1.
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Fig. 1. The model of electrical circuits simulation with virtual reality.

2.3 Development the electronics circuit simulation of virtual reality

Based on the design process there was a construction of the 3D of electrical
equipment and environment was development by MAYA. MAYA is a powerful pro-
gram developed by Alias Systems Corporation [5]. The 3D model’s development
comprises of the equipment for electrical circuit installation as shown in Figure 2, and
a private room environment designed for the learner’s comfort as if they are playing
with the electrical circuit at home, as is shown in Figure 3.
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Fig. 2. The development of 3D voltage regulator.

Fig. 3. The development of the 3D of the room environment for electrical circuit installation.

The development of virtual reality management requires computer programming of
electric circuit analysis processing and the user’s communication control panel for
control of the virtual reality operation. After designing the three-dimensional model,
the developers create the program to control the operations on the selection of the
electrical circuit installation equipment, by visually examining the equipment, config-
uring the values, and validating the electrical circuit installation process. The duration
of visual examination is two seconds. With respect to the three-dimensional model’s
development, there are the establishment of controls (buttons and tabs) on the control
panel, the selection validation, and the electrical circuit installation validation on An-
droid application was developed on Unity3D. Unity3D is a powerful game engine

32 https://www.i-joe.org



Paper—Perspective Electrical Circuit Simulation with Virtual Reality

developed by the Unity Technologies Company [6]. Scripts of the application we
have developed for this study are in the C# software language, as shown in Figure 4.

The users can operate the virtual reality media, for learning electrical circuit activi-
ties, by studying the electrical circuit installation with the use of the VR glasses as
described previously. The scene shown in front of the user’s eyes is as illustrated in
Figure 5.
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Fig. 5. Display of the simulation virtual reality for learning STEM electrical circuit activities
on user’s eye view.
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3 Results

The results of evaluation the electrical circuit simulation with virtual reality are as
follows.

The virtual reality content, for learning STEM electrical circuit activities, the re-
sults of which are based on the Index of Item-Objective Congruence (I0C) [5], [7],
[18] shows that after developing the virtual reality and assessing its congruence by
five experts, the media was rated with 0.8 or higher for each criterion. The virtual
reality was effective in accordance with the IOC value and usable for electrical circuit
instruction.

e The evaluation results based on the Diffusion of Innovation Theory [8], [9], [10]
assessed by the experts are categorized into five aspects.

e The innovation has greater benefits or advantages; with a mean of 4.20 and a
standard deviation of 0.45, it was demonstrated that the innovation was more bene-
ficial or more advantageous at a high level.

¢ The innovation’s convenience was rated with a mean of 4.00 and a standard devia-
tion of 0; indicating that the innovation’s convenience was easy-to-use at a high
level. The innovation’s visibility rated with a mean of 4.20 and a standard devia-
tion at 0.45; demonstrating a high level of visibility.

e The innovation’s compliance to demand, and the experience of the competent
learners, in terms of innovation acceptance, had a mean of 4.60 and a standard de-
viation of 0.55; illustrating that the innovation complied with the demand and/or
the experience of the competent learners in regard to the diffusion of innovation at
a high level.

e The innovation’s readily presented performance had a mean of 4.60 and a standard
deviation of 0.55; indicating a performance that was readily presented at a high
level. Overall, innovative effectiveness diffusion was rated with a mean valued at
4.32 and a standard deviation of 0.48. In other words, the developed virtual reality
for learning STEM electrical circuit activities was highly accepted with respect to
innovative diffusion at a high level.

The evaluation of the effectiveness of virtual reality for learning STEM electrical
circuit activities with respect to Diffusion of Innovation Theory are shown in Figure
6.

Evaluation of the virtual reality as assessed by 30 elementary school students was
categorized into 4 criteria: 1) VR Feature; Immersion [11], Representational Fidelity
[12], [13], and Immediacy of Control [12], [13]; 2) Usability; Perceived Usefulness
[13], [14] and Perceived Ease of Use [8], [14] 3) Learning Experience; Learning Ex-
perience Presence [13], Motivation [15], and Cognitive Benefits [16] and 4) VR mod-
el Measurement Outcomes; VR Outcomes with the Intention to use the system [11],
Perceived Learning Effectiveness [13] and Satisfaction [17].
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Fig. 6. Evaluation of the effectiveness of the virtual reality for learning STEM electrical circuit
activities.

The evaluation of the virtual reality by the sample indicated that: 1) the VR Feature
was rated with a mean of 4.64 and a standard deviation of 0.48; 2) usability was rated
with a mean of 4.60 and a standard deviation of 0.49; 3) the users’ learning experi-
ence was rated with a mean of 4.68 and standard deviation of 0.47; and 4) the virtual
measurement outcomes were rated with a mean of 4.72 and a standard deviation of
0.45. In summary, the virtual reality as evaluated by the sample subjects in relation to
the four criteria indicate effectiveness with a mean of 4.67 and a standard deviation of
0.47. Strictly speaking, the virtual reality was determined to be the highest effective
media for studying electrical circuits.

4 Conclusion

This paper presents the development of the virtual reality simulation media for
learning STEM electrical circuit activities consisted of the learning of series electrical
circuit installations to enable the design and development of appropriate virtual reality
media. The virtual reality media was evaluated by five experts, determining that the
Index of Item-Objective Congruence (IOC) and the Diffusion of Innovation Theory
(DOI) was 0.8 for each content, while the DOI results had a mean of 4.32 and a stand-
ard deviation of 0.48. This indicates that the virtual reality media developed for this
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study was suitable for the diffusion of innovation at a high level. Additionally, the
virtual reality media was evaluated for Feature, Usability, Learning Experience, and
VR Measurement outcomes, with a mean of 4.67 and a standard deviation of 0.47,
suggesting that the developed virtual reality media was the highest effective media in
terms of electrical circuit learning. Additionally, after evaluating the virtual reality
media’s effectiveness with regard to information technology acceptance, it was de-
termined that its mean was 4.64 with a standard deviation of 0.48; indicating subject
acceptance of the technology at the highest level. That is, the virtual reality media for
learning STEM electrical circuit activities can enhance the learning process of users at
the highest level. By using this virtual reality media, students are able to apply the
knowledge gained in constructing and fixing electrical circuitry. It is anticipated that
this application will benefit instructors and students.
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