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Abstract— Many vocational schools in Indonesia face limitations in laboratory facilities
and practical equipment, which hinders students’ ability to master electric motor installation
competencies. Virtual Reality (VR) offers a potential solution by providing safe, interactive,
and cost-efficient learning environments that simulate real laboratory conditions. This study
aims to develop and assess the feasibility of a VR-based electric motor control simulation as
instructional media for vocational high schools. The novelty of this research lies in integrating
pedagogical, ergonomic, and occupational safety aspects into VR learning, which are rarely
addressed in previous studies. A Research and Development (R&D) approach was employed
using a modified Waterfall model. Three-dimensional assets were created in Blender and im-
plemented in Unreal Engine 5 to build immersive virtual environments. Validation was con-
ducted by two media experts, two material experts, and 73 vocational students using question-
naires, observations, and pre/post-tests. The results showed feasibility scores of 68.53% from
media experts and 79.58% from material experts, both categorized as feasible. Reliability anal-
ysis confirmed Cronbach’s Alpha values above 0.75, while student trials indicated significant
learning improvement. These findings demonstrate that the developed VR simulation is feasible
and effective as a pre-practical learning tool. In conclusion, this study contributes theoretically
by extending VR pedagogy to safety-oriented vocational training and provides practical impli-
cations as an innovative solution for schools with limited resources.
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1 Introduction
The rapid integration of digital technology in education has transformed traditional learning

methods and introduced new opportunities for skill-based training. In vocational education, espe-
cially in electrical engineering programs, mastering practical competencies requires continuous
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hands-on experience supported by adequate laboratory facilities. However, many vocational high
schools in Indonesia still face limited access to physical laboratories and modern training equipment,
leading to gaps between theoretical understanding and practical proficiency [1], [2]. These con-
straints hinder students’ readiness for industrial work environments that increasingly rely on auto-
mation and control systems.

Virtual Reality (VR) has emerged as an innovative pedagogical medium that can simulate real
laboratory conditions through immersive three-dimensional environments [3]. VR allows learners
to engage with complex technical systems without physical risk or material limitations, offering a
safe and cost-efficient approach to learning [4], [5]. Previous studies have demonstrated VR’s po-
tential in improving motivation, conceptual understanding, and psychomotor performance across
engineering disciplines [6]-[8]. However, despite its growing adoption, most VR-based learning re-
search focuses mainly on cognitive outcomes, neglecting essential aspects such as ergonomics,
safety awareness, and human machine interaction elements that are critical in vocational and tech-
nical education [9].

In this context, the present study develops and evaluates a Virtual Reality-based electric motor
control simulation tailored to the learning needs of vocational high school students. The simulation
aims to enhance electric motor installation competencies while simultaneously introducing ergo-
nomic and safety principles aligned with industrial standards [10]. The novelty of this research lies
in combining pedagogical, ergonomic, and occupational safety perspectives into a single VR-based
training environment. By integrating these dimensions, the developed media not only serves as a
learning tool but also as a pre-practical safety training system that prepares students before entering
real workshop conditions [11]-[13].

2 Literature Review

2.1 Learning Media and Vocational Pedagogy

Learning media is crucial in shaping the quality of instruction and supporting students’ compre-
hension of technical concepts. Effective media must integrate visual, auditory, and kinesthetic ele-
ments that align with pedagogical objectives [14]. In vocational education, learning media also play
a pivotal role in bridging the gap between theoretical instruction and hands-on experience [15]. Ac-
cording to Akrim [16], multimedia-based instruction can enhance students’ motivation and reduce
cognitive overload by providing contextual visualization. Similarly, Djouab and Bari [17] empha-
sized that the quality of educational media depends on usability, reliability, and efficiency, as de-
fined by ISO 9126 standards.

2.2 Virtual Reality in Education

Virtual Reality is a three-dimensional computer-generated environment that enables users to in-
teract with digital objects as if in the real world [18]. Recent studies have highlighted VR’s trans-
formative potential in education by enabling experiential and immersive learning [19], [20]. Mon-
tebello and Camilleri [21] found that VR facilitates engagement and understanding in higher educa-
tion, while Curcio et al. [22] emphasized that immersive experiences foster deeper conceptualiza-
tion. In addition, the integration of VR into engineering education has been shown to enhance spatial
reasoning and procedural memory retention [23].

However, research also indicates that the effectiveness of VR depends on instructional design,
interactivity, and the degree of cognitive engagement provided [24]. Fernandez [25] argued that
immersive media must be pedagogically grounded to avoid passive observation and promote active
learning. Hence, the instructional design of VR environments should align with constructivist and
experiential learning theories.
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2.3 VR for Vocational and Safety Training

The adoption of VR in vocational education has expanded rapidly due to its ability to simulate
hazardous environments safely. Wu et al. [26] conducted a systematic review showing that VR-
assisted vocational training can significantly improve procedural knowledge and reduce the risk of
accidents. More recently, Li and Wang [27] designed an ergonomics-based VR environment that
enhanced learners’ awareness of safety procedures in industrial workshops. Similarly, Zhao et al.
[28] demonstrated that immersive VR training improves not only technical accuracy but also safety
compliance among electrical engineering students.

Studies such as Ouyang and Chang [29] and Chen and Huang [30] confirmed that game-based
VR simulations can strengthen engagement, retention, and collaboration in technical learning con-
texts. Despite these advances, few studies have explicitly incorporated ergonomic design principles
and occupational safety elements within VR-based vocational learning systems. This research ad-
dresses that gap by developing a VR media that integrates ergonomic postures, proper tool handling,
and safe electrical procedures thereby extending the pedagogical scope of VR from mere knowledge
transfer to safety-oriented skills formation.

3 Method

This research employed a Research and Development (R&D) approach using a modified Water-
fall model, consisting of four main stages: requirement analysis, design and modeling, construction
and testing, and deployment and evaluation. Figure 1 shows the waterfall development model.

Requirement &
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Figure 1. Waterfall stage

3.1 The Research Design

The development began with requirement analysis, including observations and interviews with
teachers and students to identify problems in existing electric motor installation practices. The de-
sign and modeling stage involved creating detailed 3D assets of laboratory environments, equip-
ment, and personal protective equipment (PPE) using Blender. These assets were then integrated
into Unreal Engine 5 to build an interactive VR simulation.

3.2 Respondents

Students were divided into control and experimental groups to measure the effectiveness of the
VR simulation compared with traditional learning. The subjects of this study consisted of:
e Two media experts (for media feasibility validation),
e Two material experts (for content validation),
e 73 vocational students in grade XI of Electrical Installation Engineering from SMKN 1 Ciham-
pelas and SMK Cendekia Batujajar (for user testing).
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33 Instruments

Data were collected through:
e Observation and interviews — to identify user needs and contextual problems.
e Expert validation questionnaires — to assess media and content feasibility (4-point Likert
scale).
e Student questionnaires — to measure user responses and usability.
e  Pre-test and post-test — to evaluate competency improvement in electric motor installation.
e Black-box testing — to assess functionality and performance of the VR application.

3.4  Data Analysis

Data analysis used a mixed-method approach. Qualitative data from observation and interviews
were analyzed following Miles & Huberman’s steps (data reduction, display, and conclusion). Quan-
titative data from expert validation, questionnaires, and pre/post-tests were analyzed using descrip-
tive statistics, Cronbach’s Alpha for reliability, and N-gain to measure learning effectiveness. Ad-
ditional statistical tests (normality and paired t-test) were conducted to examine significance of
learning improvement.

The media feasibility data analysis is obtained from questionnaires given to media experts, con-
tent experts, and users (students) with the determination of feasibility levels as shown in Table 1. In
addition to the functionality data analysis, quantitative data analysis is obtained from the effective-
ness level analysis of the electric motor control simulation learning media, which involves a series
of tests including calculating the N-gain value, normality, and t-test (hypothesis testing).

Table 1. Feasibility category intervals

Intervals Feasibility Category
Mi+1,5 SDi<x<Mi+3 SDi | Very Feasible
Mi<x<Mi+1,5 SDi Feasible
Mi-1,5 SDi<x<Mi Less Feasible
Mi-3 SDi<x<Mi-1,5 SDi Not Feasible

4 Results and Discussion

4.1 Requirement & Analysis Stage

In the required stage, the research involved qualitative analysis through observation and inter-
views in the electric motor installation laboratories at two schools, namely SMKN 1 Cihampelas
and SMK Cendekia Batujajar. The observation results indicate that the laboratory conditions do not
meet the standards for laboratory practice rooms and occupational health and safety (OSH) stand-
ards. Shortages of practical equipment and materials also pose challenges. Interviews with teachers
and the head of the Electrical Installation Engineering Program revealed that the electric motor in-
stallation learning has not been optimal due to limitations in equipment and materials, as well as
insufficient practice space.

Furthermore, in the analysis stage, several steps were identified. Scope definition involved teach-
ers in planning the introduction of tools and materials as well as installation procedures in VR sim-
ulation. User needs analysis was conducted through interviews with teachers and students to under-
stand expectations and challenges in electric motor control. Resource allocation included develop-
ment team, hardware, and VR software. Project scheduling encompassed planning, modeling, con-
struction, and implementation stages with realistic deadlines set. Planning validation was conducted
through discussions with the development team, teachers, and industry experts to ensure agreement
from all parties involved.
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4.2  Design & Modelling Stage

In the design and modelling stage, the results include creating asset objects for the virtual reality-
based electric motor installation laboratory learning media. This entire process illustrates efforts to
identify, plan, and model electric motor control simulations as an alternative for more effective and
comprehensive learning.

Table 2. List of asset requirements for the introduction area of electric motor installation components

Model Group Model Name
Introduction to Electric Electric motor
Motor Components 1-Phase Miniature Circuit Breaker
3-Phase Miniature Circuit Breaker
Contactor
Thermal Overload Relay
Storage table for materials
PPE Practice Uniform
Safety helmet
Pair of safety shoes
Pair of gloves

Wardrobe for PPE
Storage table for PPE
Practicum Area of Elec- | Set of workspaces
tric Motor Installation Set of Electrical panels
Terminal

1-Phase Miniature Circuit Breaker
3-Phase Miniature Circuit Breaker
Contactor

Thermal Overload Relay

Pilot lamp

Emergency stop

Push button

Electric motor

Vise

Vise storage table

Chair

Set of computers (CPU, monitor, key-
board, mouse)

Computer table

Other Indoor Assets OSH poster

First aid kit

Fire extinguisher

Window

Exhaust fan

Globe

Outdoor Assets Garden lamp

Pool

Gazebo

Bench

River

Other buildings

Plants

Table 2 present the detailed asset requirements for developing the Virtual Reality-based Electric
Motor Installation Laboratory used in this research. These assets serve as the foundational elements
for creating an immersive and realistic simulation environment, ensuring that the virtual laboratory
accurately replicates real-world conditions.

The researcher utilized Blender application for designing models, as Blender offers several ad-
vantages compared to other applications, such as; comprehensive features tailored for students, ex-
tensive format support in modeling, user-friendly interface, and the largest user community among
3D modeling application developers. The 3D models created were then integrated into a game en-
gine called Unreal Engine 5 for programming and customization according to user needs in VR.
After designing the media, the researcher created a user guide as a supporting product for the
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research. The workflow of using the electric motor control simulation media (virtual electric motor
installation laboratory) is explained in Figure 2.
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Figure 2. Flowchart of electric motor installation laboratory usage

Figure 2 illustrates the workflow for using the VR-based Electric Motor Installation Laboratory.
The process begins with the user wearing a VR headset and selecting the VR application for Electric
Motor Installation. Upon entering the simulation, the system displays the virtual workshop environ-
ment. The user is then prompted to equip the available Personal Protective Equipment (PPE) to
comply with safety standards.

At this stage, the user decides whether to proceed with practical activities or explore the workshop
environment. If the user chooses exploration, they can freely navigate and observe the virtual labor-
atory before returning to the main flow. If the user chooses to practice, they are directed to the
practicum area. In the practicum area, the user is presented with a choice of specific jobs. Two job
options are available: Job 1 — Direct On-Line (DOL) and Job 2 — Forward-Reverse motor control.
Once a job is selected, the system guides the user through the steps of performing the task, including
showing the wiring control of the electric motors.

The workflow concludes when the assigned practicum is completed, marking the end of the VR-
based training session. This structured flow ensures that students can engage in both exploratory
learning and guided practical exercises within a safe, immersive virtual environment, reinforcing
both technical skills and adherence to occupational safety protocols.

Table 3. Measured scores of the assessment instrument reliability

Instrument Name Total Cronbach's Alpha
Media expert 56 items 0,944
validation question-
naire
Material expert vali- 30 items 0,760
dation questionnaire
Test questions 36 items 0,793
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Table 3 presents the measured reliability scores for the assessment instruments used in this study.
Three types of instruments were evaluated: the media expert validation questionnaire, the material
expert validation questionnaire, and the test questions for measuring student learning outcomes. The
media expert validation questionnaire consisted of 56 items and achieved a Cronbach’s Alpha value
of 0.944, indicating excellent internal consistency and high reliability. The material expert validation
questionnaire, containing 30 items, obtained a Cronbach’s Alpha of 0.760, which is considered ac-
ceptable for research purposes. The test questions used to assess student competencies in Electric
Motor Installation comprised 36 items and achieved a Cronbach’s Alpha value of 0.793, also re-
flecting good reliability.

These results confirm that all the instruments used for validation and testing in the research are
consistent and dependable. This ensures that the data collected through these instruments whether
for expert validation or student competency assessment can be considered trustworthy and suitable
for further statistical analysis.

Table 4. Rating Scale Used for Expert Validation

Score Statement
1 Strongly disagree
2 Disagree
3 Agree
4 Strongly agree

Table 4 outlines the rating scale used for expert validation. The scale is based on a four-point
Likert format: 1 — Strongly Disagree, 2 — Disagree, 3 — Agree, and 4 — Strongly Agree. This format
was chosen to avoid neutral responses, ensuring that experts provide clear positive or negative feed-
back.

4.3  Construction & Testing Stage

The creation and development of virtual reality-based electric motor control simulation media
begin with designing 3D models using Blender software according to the media requirements and
integrating them into the game engine as a developer for interactions in the game. The researcher
uses the Unreal Engine 5 application for developing interactions with the game, as can be seen in
Figure 3. When compared to Unity software, Unreal Engine has several advantages, such as; the
application can be downloaded for free through Epic Games, and it offers comprehensive features.
Another advantage of this application is that users do not need to be proficient in programming
languages like C or C# because the language used to integrate the game is through blueprints, mak-
ing the application easier to learn.

Figure 3. Design stage using unreal engine 5 software

Figure 3 illustrates the design stage in Unreal Engine 5 (UES) after the 3D models have been
created in Blender. At this stage, assets such as electric motor installation laboratory components,
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practice rooms, and environmental elements are imported into UES and arranged as a VR “level.”
The design process includes adjusting materials/textures, setting up lighting, defining collision
boundaries for VR interaction, and configuring navigation/view controls to ensure a smooth immer-
sive experience using the Meta Quest 2 headset. The ultimate goal of this stage is to prepare the
scene/environment so that it is ready to be integrated with interactive logic for the electric motor
control simulation.

After all designs are created, the researcher exports them into PC and VR game formats stored
on a computer/laptop for direct testing by the researcher through black-box testing. The purpose of
this testing is to assess the functionality of the system, ensuring that all functions operate as expected.
Figure 5 describe teachers are trying out the functionality of the tools and game applications created
by researchers to provide input if there are any shortcomings.

Figure 4. Blackbox testing process

At this stage, revisions were conducted as part of the refinement process for the concept previ-
ously developed, in the formative revisions to identify shortcomings or errors in the final product,
which is the workshop introduction media accompanied by a user guide. This revision received input
from media experts and subject matter experts who are lecturers in the Department of Electrical
Engineering Education. The simulation media received improvement suggestions in its development
by adding a feature for adjusting the height of the worktable to meet the ergonomic standards of the
electric motor installation laboratory.

4.4 Deployment & Evaluation Stage

A total of two media experts and two material experts have given validations of the developed
VR-based game to measure the feasibility scores can be seen in Table 5 and Table 6, respectively.
Figure 5 shows the distribution of the scores. These results become a reference for improvements
before deploying the product which will finally be implemented in the learning process.

Table 5. Media experts’ validation scores

Sub-aspect Min. Max. Validation Score Mean Percentage
Score Score Expert 1 Expert 2 (%)
Effectiveness of the learning media 5 20 15 5 10 50.00
Technology compatibility 5 20 16 12 14 70.00
Quality of learning content 6 24 18 17 17.50 72.92
Hardware & software of VR 6 24 18 16 17 70.83
Elements of VR 6 24 18 14 16 66.67
Effectiveness of VR 6 24 17 13 15 62.50
Workshop 4 16 18 20 19 79.17
Norms and standards 6 24 11 10 10.50 65.63
Ergonomic 6 24 18 18 18 75.00
Competency in Electric Motor Installa- 6 24 18 15 16.50 68.75
tion
Total 56 224 167 140 153.50
Percentage (%) 74.46 61.68 68.53
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Table 6. Material Expert Validation Scores

Sub-aspect Min. Max. Validation Score Mean Percentage
Score Score Expert 1 Expert 2 (%)
Relevance of learning content 6 24 21 22 21.50 89.58
Quality of learning content 8 32 24 26 25 78.13
Usefulness of the guidebook 6 24 19 17 18 75
Accuracy of learning materials 10 40 28 34 31 77.50
Total 30 120 92 99 95.50
Percentage (%) 76.67 82.50 79.58
Material Validation Score Media Validation Score

o
m
2
Z
g
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g
&
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= Accuracy of learning materials = Uscfulness of the lcaming guidebool:
Quality of leaming content I learning content

Figure 5. Distribution of the calculated feasibility scores.

4.5  Final Review of the Research Product

Expert validation showed that the VR-based electric motor control simulation was categorized as
feasible. Media experts provided an average score of 68.53%, while material experts gave 79.58%,
both falling into the feasible category. Reliability testing confirmed Cronbach’s Alpha values above
0.75 for all instruments, indicating high consistency.

The product was tested on 73 vocational students divided into control and experimental groups.
Pre-test and post-test results demonstrated significant improvement in the experimental group using
the VR simulation. The calculated N-gain values exceeded 0.3 (medium category), confirming its
effectiveness in improving student competencies in electric motor installation. Student response
questionnaires also showed positive perceptions regarding interactivity, ease of use, and alignment
with safety standards.

The findings demonstrate that the VR-based electric motor control simulation is both feasible and
effective for vocational education. The medium successfully bridges theoretical understanding with
hands-on skills, supporting previous studies that highlight VR’s capacity to improve learning moti-
vation and procedural performance [6], [7].

When compared with the findings of Wu et al. [26], who reported that VR-assisted training en-
hances psychomotor skills in mechanical education, the present study further integrates safety be-
havior training—an aspect rarely addressed in earlier works. Similarly, Li and Wang [27] empha-
sized the importance of ergonomic considerations in VR design, showing that learners trained with
ergonomically optimized VR systems demonstrate higher safety compliance and lower fatigue lev-
els. The integration of ergonomic and safety elements in this study aligns with such recommenda-
tions, ensuring that students not only learn technical accuracy but also adopt safe postures and han-
dling practices.

Zhao et al. [28] and Chen and Huang [30] both demonstrated that immersive and game-based VR
environments promote sustained engagement. This research extends those insights by embedding
contextual safety warnings and procedural feedback within the simulation, creating a form of expe-
riential learning loop that reinforces both skill mastery and risk awareness. In contrast with Ouyang
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and Chang [29], whose VR system emphasized collaboration and teamwork, this study focuses more
on individual procedural competence and safety adherence, addressing the specific needs of electri-
cal installation training.

In addition, the positive student responses corroborate earlier findings by Montebello and Camil-
leri [21] and Curcio et al. [22], who confirmed that realistic immersion and interactivity are key
factors driving learner satisfaction. The VR environment designed in this study uses spatial audio
and tactile feedback to enhance realism, contributing to higher engagement and lower cognitive
overload during simulation-based learning [19].

From a pedagogical perspective, the study supports the principles of constructivist learning the-
ory, in which learners actively construct understanding through direct interaction with virtual objects
[24]. Tt also aligns with experiential learning theory, emphasizing iterative learning through doing,
reflecting, and applying [12]. Therefore, the contribution of this research is twofold:

(1) it provides a theoretical model for integrating ergonomics and safety into VR-based vocational
education; and

(2) it delivers a practical solution that enables schools with limited facilities to implement advanced,
safe, and scalable digital training environments.

These outcomes reinforce the growing consensus in recent VR pedagogy research (e.g., [1], [2],
[9], [20]) that immersive technology, when well-designed, can effectively enhance both cognitive
and behavioral learning outcomes. This supports the vision of transforming vocational education
through Industry 4.0-based digital learning ecosystems.

5 Conclusion

This study developed and evaluated a Virtual Reality (VR)-based electric motor control simula-
tion to support vocational high school learning. The developed VR simulation achieved feasibility
scores of 68.53% (media experts) and 79.58% (material experts), categorized as feasible, with reli-
ability coefficients above 0.75. This indicates that the media is valid and reliable as instructional
support. Student trials showed significant improvement between pre-test and post-test results, with
N-gain values in the medium category, confirming that the VR simulation effectively enhances com-
petency in electric motor installation. Unlike previous VR studies that focus mainly on cognitive
outcomes, this research integrates pedagogical, ergonomic, and occupational safety aspects, provid-
ing a comprehensive model for vocational training. The study extends VR pedagogy by demonstrat-
ing that immersive simulations can be designed not only for conceptual learning but also for skill-
based and safety-oriented vocational education. The VR simulation offers a cost-efficient and scal-
able solution for vocational schools facing limitations in laboratory facilities and equipment, ena-
bling students to practice safely and effectively before entering real workshops. In conclusion, the
VR-based simulation can serve as both a pre-practical training tool and an innovative pedagogical
model for vocational education. Future research is recommended to expand the simulation with more
complex motor control systems (e.g., star-delta, PLC-based control) and to evaluate long-term skill
retention through extended trials resources.
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