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INTRODUCTION

The rapid advancement of digital technology has brought significant transformation
to education, including vocational education.(Delcker, ], 2022). As vocational
institutions, Vocational High Schools are expected to produce graduates equipped not
only with technical expertise but also with 21st century skills Critical Thinking,
Creativity, Collaboration, and Communication (4C) (Keken Wulansari, 2023). To bridge
the gap between education and industry, many Vocational High Schools have adopted
the Teaching Factory (TEFA) learning model, which simulates a real-world industrial
environment. However, the implementation of Teaching Factory faces challenges such
as limited infrastructure, high operational costs, and safety concerns (Sappar, R &
Zulkifli, R.M, 2024). These restrictions reduce its ability to properly develop 4C
abilities, underscoring the pressing need for creative and technologically advanced
teaching strategies.

In this context, Virtual Reality (VR) technology offers a promising alternative. VR
enables students to engage in immersive, interactive simulations that replicate
industrial procedures safely and efficiently. Studies have shown that VR-based
vocational training—such as automotive painting—enhances skill acquisition through
instructional designs aligned with the 4C model, integrating knowledge, skills, and
attitudes. (A. Ipsita et al, 2025); (Okta Purnawirawan & Muhammad Harlanu, 2019). In
Indonesia, research by (Susanto, H. M. A, 2025) developed a VR based learning model
for automotive competencies, which combines skills, knowledge, and attitudes.

Despite its potential, the integration of VR into automotive TEFA remains limited
due to constraints in infrastructure, teacher readiness, and curriculum alignment
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(Zhuochen Xiong, 2022). Therefore, this study examines how the use of VR in
automotive Teaching Factory learning in vocational schools is successful, with a focus
on improving students' 4C skills. In the context of automotive education in vocational
schools, practical skills are very important skills to prepare graduates to enter the
workforce (Rendra A.P. etal, 2024). However, not all vocational schools have facilities
like those in the real automotive industry, such as computer-based diagnostic tools,
ECU simulators, or electronic injection systems. In this case, virtual reality (VR)
technology is an effective and inventive alternative (Okta Purnawirawan, I. M. 5, 2019).
With VR, students can see car components visually and interactively, learn how the
engine works, the electrical system, and routine maintenance procedures without
experiencing damage or accidents (Mohamed Elessawy et al., 2021).

Studies show that VR can improve learning efficiency in automotive education (Aci
Primartadi, 2024). By using virtual media in car engine simulations in vocational
schools, students can gain a better understanding of how components move, interact,
and work in real time in a closed system that is difficult to access directly, according to
(Lee, H, W, K, 2020). This has led to the emergence of a visual kinaesthetic learning
approach, which is very suitable for vocational school students with a practical learning
style. In addition, it has been proven that the adoption of VR accelerates contemporary
automotive technology. With the advent of hybrid systems, electric vehicles, and
Internet of Things-based systems, the automotive industry is currently increasingly
digital (Dwi Jatmoko, 2023). Unfortunately, most vocational schools do not have the
ability to provide the vehicles or equipment needed for this development (Zhuochen
Xiong, 2022). Students can learn simulations of electric vehicles, induction motors,
lithium-ion battery systems, and smart diagnostic devices through VR, even though real
devices are not in the school workshop.

In vehicle learning, VR also helps teachers deliver complex materials more effectively
and interestingly (Leila Mekacher, 2019). By using applications such as Automotive VR
Trainer or Unreal Engine Automotive Simulator, instructors can demonstrate engine
disassembly and assembly procedures, perform damage analysis, or check the
electronic fuel injection ABS system without having to do it physically for a long time
(Pavlekovic, M., et al, 2021). This not only saves resources but also makes learning
more flexible and in accordance with students' abilities. Therefore, incorporating VR
into automotive vocational schools is a strategic step for vocational education reform
that is in accordance with industry 4.0 and society 5.0, not just a technology trend. This
technology has the potential to be an important bridge between limited educational
resources and demands for global competence with the support of government policies
and industry collaboration (Airila, T., 2022).

Vocational education institutions such as vocational schools are expected to focus on
technical aspects along with the development of the concept of 21st century education.
Institutions are also expected to equip students with the soft skills needed for modern
jobs. To face the dynamics of the rapidly changing industry, students must have the 4C
skills: critical thinking, creativity, collaboration, and communication (Yeni Saufina
Siregar & Siman, 2023). Automotive learning that integrates virtual reality (VR) offers
an excellent opportunity to develop these four dimensions more comprehensively and
contextually (Gongjin Lan, et al., 2023). Through VR based simulation scenarios,
students are faced with various problem-solving situations that require critical thinking
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(Hasan Maksum, et al., 2024). For example, in a simulation of repairing an electronic
fuel injection ABS system that is experiencing problems, students must analyze the
symptoms of damage, choose a virtual diagnostic tool, and determine the right repair
steps. This process trains them to think logically, analyze data, and make evidencebased
decisions skills that are very much needed in a modern workshop environment (Y. Liu,
2023).

In addition, virtual environments help students become creative. In the ever-
changing world of automotive technology, students must be accustomed to thinking
outside the box and innovating (L.Long & X.Zeng, 2024). VR allows testing new
maintenance procedures in a safe and secure environment, as well as programming car
electronic controls and vehicle design. This provides the freedom to try new and
challenging things without the worry of making potentially fatal mistakes (Lee, H, W.,
K, 2020). When students work together in teams in multi-user virtual reality
simulations, the collaboration dimension increases. In an integrated scenario, students
can work together as mechanics, electrical technicians, and workshop managers, and
perform virtual vehicle diagnostics together (Mohamed Elessawy etal., 2021). This
fosters a sense of teamwork, collaboration, and task allocation, which are essential skills
required in industrial jobs.

Finally, students' communication skills are enhanced with VR because students can
discuss diagnoses, explain research results, and provide suggestions for improvement
in class discussions or online forums (Hincapié, M, 2022). In the virtual world,
interactions can even include customer service simulations, teaching students how to
convey technical information in a polite manner, which is a very important skill in the
real world of work (Benjamin Knoke, 2021). Therefore, the integration of VR into
automotive learning based on tefa learning will improve students' technical skills and
produce innovative, flexible, and cooperative graduates in accordance with the
requirements of industry 4.0 and society 5.0. This shows that digital transformation in
vocational education is a necessity to improve the quality and competitiveness of
vocational school graduates at the national and global levels (Dwi Jatmoko, 2023).
While Virtual Reality has shown promise in vocational training, its application within
automotive Teaching Factory settings specifically for enhancing students” 4C skills
remains underexplored and under implemented. This study aims to explore how the
integration of Virtual Reality media in automotive Teaching Factory learning
contributes to the development of 4C skills among vocational high school students,
while identifying implementation challenges and opportunities in the vocational
education context.

RESEARCH METHOD

To find out how integrating virtual reality (VR) into Teaching Factory (TEFA)
learning environments helps students develop their 4C skills Critical Thinking,
Creativity, Collaboration, and Communication this study used a qualitative descriptive
approach. The researcher was able to record participants lived experiences and
contextual realities without manipulating them thanks to the qualitative descriptive
approach, which offers a rich, thorough account of events in their real world settings.
This study employed a descriptive qualitative approach, which is well-justified for
capturing the lived experiences and contextual realities of vocational students and
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teachers engaged in VR-assisted Teaching Factory (TEFA) learning. Rather than
focusing on numerical generalizations, the research prioritized descriptive depth to
gain genuine insights into how students interact with VR-supported exercises in real
educational settings. By using this method, the researcher was able to explain not only
the actions that were visually apparent but also the underlying ideas, motives, and
interpretations of the teachers and students who participated in the teaching and
learning process.(Yeni Saufina Siregar & Siman, 2023).

The research was conducted at two vocational high schools located in Central Java,
Indonesia: SMK Muhammadiyah Purwodadi and SMK Negeri 8 Purworejo. Both
institutions offer the Light Vehicle Engineering program and have adopted the
Teaching Factory model as part of their industrial based curriculum. These schools
were purposefully selected due to their active integration of Virtual Reality as an
instructional tool in automotive workshop learning. Participants included four
vocational subject teachers (two from each school) who specialize in automotive
maintenance and diagnostics, along with 20 Grade XI students who were purposively
chosen for their active participation in VR-assisted TEFA activities. This purposive
sampling ensured that all participants had direct and meaningful experience with the
phenomenon under study, enhancing the relevance and richness of the data collected.

The following is a Data Analysis of the Implementation of the Automotive Teaching
Factory Based on Virtual Reality to Strengthen 4C Skills in Vocational Student
(Bakkiyaraj M. et al, 2022):

1. Data Sources and Collection Techniques

Data were collected using multiple techniques to ensure a comprehensive
understanding of the phenomenon. First, classroom observations were conducted
during teaching and learning sessions that involved VR simulations in automotive
practical workshops. These observations focused on how students engaged with VR
tools to solve problems, communicate, and collaborate within the Teaching Factory
context. Second, in depth semi structured interviews were carried out with both
teachers and students. These interviews allowed participants to reflect on their
experiences and share personal insights regarding the impact of VR use on their 4C skill
development. Third, documentation such as lesson plans, student assignments,
practicum reports, photographs, and presentation videos was collected to provide
contextual and triangulated evidence. Lastly, a literature review of relevant scholarly
works helped to support and validate the empirical findings.(Amat Jaedun, et al,
2024).

The main focus is to improve students' 4C skills through the use of virtual reality
(VR) technology in factory teaching. From interviews with teachers, it was found that
the use of VR in vehicle maintenance simulations improved students' understanding of
technical procedures and improved students' critical and creative thinking skills
(Bachri, S. et al., 2024). Meanwhile, observation notes showed that students worked
better together when using virtual reality. This is because this process systematically
tilters data, so that researchers can only analyze elements related to how effective the
contextual learning of the virtual learning factory.

2. Data Analysis Procedures
Data analysis followed the model, which includes three interconnected activities:
data reduction, data display, and conclusion verification. In the data reduction stage,
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raw data from interviews, observations, and documentation were filtered, selected, and
condensed to focus on meaningful patterns related to 4C skill development. Redundant
or irrelevant information was excluded to maintain clarity and focus.

In the data display stage, reduced data were organized into visual and narrative
forms, including coding tables, matrices, and thematic descriptions. These displays
allowed the researcher to draw clear comparisons and interpretations of the data.
Finally, in the conclusion drawing and verification stage, recurring themes were
identified and interpreted to construct meaningful insights. Verification was achieved
through triangulation and continuous cross-checking across data sources. (Moro, C, et
al., 2022).

Table 1 shows that student data prefer to work together with VR for vehicle
electrical system repair simulations because they share tasks and talk to each other
about how to complete the task. The data show that VR encourages student
engagement in discussions because the visualization of work procedures becomes
clearer and more concrete (Ahmad Aris, 2022). In addition, teachers reported that
because students need to collaborate to express opinions and find technical solutions,
communication between them becomes more active. The data presented here shows
how technology is used in teaching factory learning to support collaboration and
communication skills, which are key pillars of competence in this century (Efendi, Y &
Yanti, R., 2024).

3. Coding Process and Data Trustworthiness

The coding process began with open coding, where initial themes were manually
extracted from interview transcripts and observation notes. Codes were assigned to
expressions or behaviors indicating 4C related competencies, such as technical problem
solving for critical thinking or peer explanation for communication. This process
enabled the emergence of detailed and grounded categories directly from the
participants voices.

Following open coding, axial coding was used to relate and group these initial codes
under broader categories aligned with the 4C framework. Themes such as technical
diagnostics (critical thinking), design innovation (creativity), team collaboration, and
verbal articulation (communication) were developed. These codes were then further
refined through thematic grouping to represent interrelated skill domains observed
during the VR based Teaching Factory activities. (Tri Kuat, et al., 2023). Students'
critical thinking skills are seen from their ability to analyze technical problems
simulated in virtual space, such as diagnosing electronic fuel injection damage.
Students also become creative when given the challenge of designing technical
solutions for vehicle systems simulated in virtual space. When students work together,
collaboration appears strong.

4. Trustworthiness Measures

To ensure the credibility and reliability of the findings, several strategies were
employed. Triangulation was conducted by comparing data from different sources
interviews, observations, and documents to verify consistency and reduce the
possibility of researcher bias. This methodological triangulation provided a more
nuanced and robust understanding of the research problem. In addition, member
checking was applied by sharing the interpreted data with participants to confirm the
accuracy of the findings. Participants were given opportunities to validate or clarify
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statements they had made. Furthermore, peer debriefing was conducted by discussing
coding and thematic interpretations with fellow researchers. This helped refine the
accuracy of the codes and increased the trustworthiness of the conclusions.

5. Ethical Considerations

This research adhered to ethical standards by securing informed consent from all
participants. For student participants under the age of 18, parental or guardian consent
was also obtained. The consent process included explanations about the research
purpose, data use, and the voluntary nature of participation. Participants were assured
of their right to withdraw at any stage without any negative consequences. To maintain
ethical integrity, all data were anonymized to ensure participant confidentiality.
Pseudonyms or codes were used in the reporting of data to protect identities. The data
were stored securely and used solely for academic purposes. Throughout the research
process, the principles of respect, honesty, and responsibility were upheld in alignment

with ethical research practices.
By combining consistent interview results, observations, and documentation,
verification is carried out to show that tefa-based learning using Virtual Reality:

Table 1. Data analysis of the implementation of VR based automotive Teaching Factory

to improve 4C

No Aspect 4C Indlca.tor Results/ Findings Docur.nentatlon Interpretation
Interview Evidence
1  Critical Ability to diagnose Students are able to Transcript of VR enhances
vehicles with simulate vehicles to student discussion analytical
simulation diagnose damage to when analyzing power in depth
electronic fuel injection electronic fuel
systems through VR. injection system
2 Creative Designing Students propose Observation notes VR stimulates
alternative modifications to the and student reports creativity
solutions to the electronic fuel injection from the practicum through
management system to make it more report problem
problems created efficient. visualization
3 Collaboration Students collaborate  In groups, students share Documentation Teaching
on project based roles when completing an image of Factory
assignments electronic fuel injection collaborative encourages
repair simulation practice activities real-world
work
collaboration
in VR
simulations
4  Communication Students Students present the Student group Communicatio
communicate results of damage presentation video n evolves in
technical ideas analysis with strong explaining
clearly technical arguments. technical
solutions in
discussion
forums

RESULTS AND DISCUSSION

Results

The results clearly demonstrate how the integration of Virtual Reality (VR) in the

automotive Teaching Factory enhances students 4C skills Critical Thinking, Creativity,
Collaboration, and Communication. VR based simulations, such as vehicle maintenance
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procedures, component replacement, and system diagnostics, offer students immersive
and interactive experiences that closely mirror real industrial tasks (Zhuochen Xiong,
2022). Teachers use virtual reality devices to start industrial tasks repeatedly. In some
aspects, students improve. Students improve in analyzing damage and determining
repair steps (critical), creating creative solutions for unusual damage (creative), working
together in teams to complete repair simulations (collaboration), and actively talking
with teachers and students about work steps. The results of interviews with twenty
students and four productive teachers from SMK Muhammadiyah Purwodadi and
SMK Negeri 8 Purworejo showed that the use of virtual reality-based Teaching Factory
helps students improve their 4C skills. Both teachers and students said that Teaching
Factory technology can make real-life simulations more interesting and meaningful
than conventional methods

Automotive
Teaching 4C Skills
Factory based » | Collaboration, Critical Thingking,
Virtual Reality Creativity, Communication

Figure 1. Stages of Tefa Learning Integrated with VR

In terms of Critical Thinking, the four teachers said that students who use VR in
vehicle maintenance tasks understand the technical workflow faster and are better
trained in analyzing damage. In the injection system simulation, students are able to
identify sensor damage and make logical decisions without having to dismantle the
vehicle directly, said a teacher at SMK Negeri 8 Purworejo.

The integration of Virtual Reality (VR) in automotive Teaching Factory (TEFA)
learning has a significant impact on the development of students' 21st century skills,
especially in the aspects of Critical Thinking, Creativity, Collaboration, and
Communication.

1. Critical Thinking

Four productive teachers from SMK Muhammadiyah Purwodadi and SMK Negeri 8
Purworejo reported that the use of VR in vehicle maintenance simulations, such as
injection systems and cooling systems, helped students understand technical workflows
more quickly and accurately. One teacher stated:

"In the injection system simulation, students can immediately analyze which sensors
are problematic and determine repair steps without having to physically disassemble
the vehicle." (Teacher, SMK Negeri 8 Purworejo)

Students' ability to analyze damage and make logical decisions increases because
they face engine damage scenarios systematically through repeated simulations. This
strengthens the formation of critical thinking patterns based on direct experience.

2. Creativity

The use of VR also triggers students to create creative solutions. Some students
began to develop their own technical ideas after getting used to using VR simulations.
A student from SMK Muhammadiyah Purwodadi said:

"I started to think about making a more efficient injection system after seeing the
diagnostic flow in VR." (Student, SMK Muhammadiyah Purwodadi)
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Two teachers also observed that students did not only repeat procedural steps, but
began to modify the simulation scenario and suggest alternative solutions, which
previously did not appear during conventional learning.

3. Collaboration
Most students stated that they felt more active in working together when
completing project-based assignments in the VR environment. One student said:

“We studied for the assignment together, some took notes, some observed, and some
tried out the solutions directly in the simulation.” (Student, SMK Negeri 8 Purworejo)
The teacher confirmed that the group dynamics became more lively, because each
group member had a balanced active role. VR-based projects encouraged intense
interaction, in-depth technical discussions, and effective role-sharing.

4. Communication

According to teachers, VR helps students convey technical ideas more coherently
and convincingly, especially when presenting discussion results. Clear visualizations in
VR make it easier for students to understand how a vehicle works, so they are more
confident when explaining concepts:

“Children who are usually passive, when using VR become active in speaking and
can explain how the system works because they see it directly visually.”
(Teacher, SMK Muhammadiyah Purwodadi)

Improvements in technical communication skills were also seen when students
discussed improvement steps and put forward arguments based on the results of the
simulations that students went through directly.

Table 2. Summary of Findings Based on the 4C Framework
Aspect 4C Key Findings Source Quotes
Critical Thinking  Students are able to analyze
damage and determine
repair steps more
systematically

which
(Teacher,

“..immediately
sensor is problematic...”
SMK N 8 Purworejo)

“...thought

analyze

7

Creativity of making a more
efficient injection system...”
(Student, Muhammadiyah

Purwodadi Vocational School)

Students  develop
technical  solutions
simulation exploration

new
after

Collaboration increases
because each group member
has an active role in the VR
simulation

Collaboration "
! ..together, some take notes,

observe, try out solutions...”
(Student, SMK N 8 Purworejo)

Communication

Students are more confident
in conveying ideas because
of VR visual-based
understanding

“..so they can actively speak and
explain how the system works...”
(Teacher, Muhammadiyah
Purwodadi Vocational School)

Teachers saw an improvement in students' ability to convey concepts technically
and coherently, especially when they showed the results of the simulation. Teachers
said that students were able to explain the results of group discussions because students
understood VR visually and realistically, "children who are usually quiet, when
practicing VR are actively explaining how the system works because students see it
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visually and realistically." This shows that VR can naturally help students acquire
technical communication skills. Overall, the interview results showed that both teachers
and students really liked the integration of virtual reality into the educational factory.
This technology not only enhances automotive learning, but can also make students
more flexible, innovative, and creative (Suyitno et al., 2023). This is in line with the
current vocational education policy which emphasizes the integration of technology
and soft skills to prepare students for the world of work 4.0.

Discussion

The use of Virtual Reality (VR) in Teaching Factory (Tefa) learning has shown great
potential in strengthening 21st-century skills, especially the 4C dimensions (Critical
Thinking, Creativity, Collaboration, and Communication). The results of this study
confirm that the VR-based approach is able to provide a learning experience that
resembles the real industrial world (Urbani, C., 2020), in line with the contextual
learning approach emphasized in modern vocational education. Theoretically, VR
based learning supports constructivist theory, where students build knowledge through
authentic experiences and active interactions with the virtual environment. For
example, in the Critical Thinking aspect, students are able to transmit vehicle damage
through injection system simulations without physically dismantling components. This
not only accelerates the understanding of technical workflows but also trains logistical
skills in the decision-making process. This is in line with the constructivist view that
direct experience strengthens high-level thinking processes.

In the Creativity aspect, VR provides an imaginative space that allows students to
design alternative technical solutions to complex simulated problems. This is consistent
with the findings of (Putra, A. W & Sugiarto, B, 2021), that the use of VR in educational
techniques encourages the formation of creative ideas through media transmission and
interactivity. For example, the emergence of students' ideas to design a more efficient
fuel injection system is a concrete form of creative thinking stimulated by the VR
simulation experience.

From the perspective of Vygotsky's sociocultural theory, collaborative learning in VR
simulations creates a zone of proximal development, where students learn from each
other through group work. VR based projects encourage equal role-sharing and
effective communication between team members, creating strong and supportive group
dynamics. This shows that the collaboration that occurs in VR based Teaching Factory
not only develops technical skills, but also internalizes the values of teamwork that are
essential in the real world of work.

Furthermore, the Communication aspect develops naturally through visual and
immersive learning experiences. Students become more confident in conveying
technical analysis because they understand the work process thoroughly through visual
simulations. This experience shows that technology is not only a visualization tool, but
also strengthens technical communication skills as part of the soft skills that are very
much needed in the modern work environment.

However, VR learning in Tefa also has challenges, especially related to limited
infrastructure and teacher readiness. The availability of adequate devices and ongoing
teacher training are still major obstacles to large-scale implementation. For this reason,
practical recommendations are needed, including;:

1) Strategic partnership with industry for the gradual provision of VR devices.
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2) Development of continuous training modules for teachers to have

technopedagogical competence in optimally utilizing VR.

3) Integration of project-based learning with a VR approach as part of a flexible

national curriculum.

Overall, the integration of VR in Teaching Factory learning not only improves
students' technical skills, but also strengthens cognitive and social aspects in the
vocational learning process. This is in line with the goal of 21st century vocational
education to build adaptive, creative, and competitive human resources in the era of the
Industrial Revolution 4.0 (L. Long & X. Zeng, 2024). Therefore, Teaching Factory is not
only a production-based pedagogical approach, but also a transformational strategy to
produce tough and innovative vocational graduates.

CONCLUSION

The findings of this study clearly highlight that the integration of Virtual Reality
(VR) into Teaching Factory based instruction in automotive engineering significantly
supports the development of 21t century competencies among vocational high school
students. Specifically, VR-assisted learning environments enhance students
communication, collaboration, creativity, and critical thinking by providing immersive,
interactive, and risk free opportunities to engage with complex industrial tasks. These
results underscore the value of incorporating VR as a pedagogical tool to strengthen 4C
skills, making vocational education more responsive to the evolving demands of the
modern workforce. Virtual reality provides an immersive and contextual simulation
environment that allows students to engage in diagnostic activities, explore innovative
solutions, and interact with complex systems without the need to disassemble actual
vehicles. This fosters not only technical understanding but also teamwork and effective
communication, aligning well with the collaborative and problem solving nature of
real-world industrial settings.

The implementation of a virtual reality based teaching factory represents an
innovative and promising approach to vocational education. It offers a low risk,
engaging, and industry-relevant learning experience that bridges the gap between
traditional instructional models and the technological demands of Industry 4.0.
Through this paradigm, vocational schools can better prepare students for workforce
readiness in dynamic and technology-driven environments that require flexibility,
technical literacy, and strong interpersonal skills.

Nevertheless, this study has several limitations. It employed a qualitative
approach with a limited number of participating instructors and schools, which may
constrain the generalizability of the findings. Additionally, challenges related to the
adoption of VR technology such as infrastructure readiness, teacher training, and
funding were acknowledged but not explored in depth. Future research should
incorporate larger-scale empirical studies using quantitative methods to validate the
impact of VR-based teaching factory instruction on student learning outcomes.
Comparative studies across different disciplines or geographical contexts, as well as
investigations into teacher preparedness and cost-effectiveness, would also contribute
to a deeper understanding of the scalability and sustainability of this pedagogical
model.
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