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ABSTRACT

The advancement of digital technology has had a significant impact on
the world of education, including vocational education that requires in-
depth technical understanding. In this study, Virtual Reality (VR)-based
learning media is an alternative to help the process of introducing
engineering components more interactively and realistically. This study
aims to validate VR-based learning media called Virtual Reality
Distributing Station as a learning media in learning distribution station
components in the Flexible Manufacturing System (FMS). Validation
is carried out through evaluation by experts with a focus on two main
aspects, namely, the content aspect and the media display aspect.

ISSN 2579-7298

Vocational Education Material experts are experts who are experienced in teaching FMS,

while media experts come from experts in the development of
computer-based learning media. Data analysis is carried out based on
quantitative and qualitative results obtained from expert validation. The
evaluation results show that the content aspect of the material, which
includes suitability and usefulness, scored 87 out of 96 (90.27%) and is
categorized as "very good." Meanwhile, the media aspect, which
includes display design and usefulness, scored 61.5 out of 72 (85%) and
is also categorized as "very good". These findings indicate that the VR
Distributing Station learning media is suitable for use as a supporting
tool for engineering learning in vocational education.

This is an open access article under the CC-BY-SA license.

1. Introduction

The advancement of technology has significantly influenced various fields, particularly education.
Technology in education does not only aim to digitize content but also focuses on creating entirely
new learning experiences, transforming learning environments to be more inclusive and accessible by
accommodating students' diverse needs [1]. Integrating digital technology into learning has enhanced
students' effectiveness, efficiency, and motivation. It has also facilitated the understanding of complex
materials through more transparent and interactive visualizations [2]. Modern educational
technologies, including e-learning, interactive media, Augmented Reality and Virtual Reality (VR),
have enabled a more personalized, engaging, and effective learning approach [3], [4]. Among these
innovations, immersive technologies such as Virtual Reality (VR) have emerged as one of the most
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promising developments, offering the unique potential to revolutionize many aspects of educational
practice [5].

Virtual Reality (VR) has great potential in education, creating immersive, interactive, and often
personalized learning experiences that exceed traditional teaching methods [6]. The technology
enables students to directly experience abstract concepts or complex scenarios instead of merely
reading or hearing about them. This approach has enhanced student engagement, fostered deeper
conceptual understanding, and improved long-term knowledge retention. [7]. The increased student
engagement provided by virtual reality (VR) is not an end goal but rather an important factor that
leads to improved cognitive outcomes. VR's immersive nature helps reduce external distractions and
enhance focus, while its interactive features allow for self-directed exploration and discovery.
Together, these elements create ideal conditions for deeper processing of information [5]. VR
facilitates the acquisition of practical skills by providing a simulated environment where students can
practice and apply their knowledge in a realistic yet safe context [6]. The relevance and learning media
of VR have become increasingly apparent in vocational education, where the development of practical
skills is at the heart of the learning process.

Virtual Reality (VR) stands out in vocational education for its unique advantage in providing a
platform for practical skills training. VR allows students to simulate complex and high-risk tasks in a
safe and controlled virtual environment without any adverse physical or financial consequences in the
real world [8][9]. The main advantage is the provision of safe failure environments, which allow
students to make mistakes, learn from them, and practice repeatedly, which is crucial for mastering
technical skills. VR learning media in vocational education are diverse, including training for
industrial machine operations, welding procedures, automotive repair, and medical simulations [10].
The use of VR aims to teach both theoretical and procedural aspects, which significantly improves
competence and critical thinking [5], [11], [12], [13]. VR can be used broadly in terms of practical
work in vocational education, such as Flexible Manufacturing Systems.

Flexible Manufacturing System (FMS) is an automated and integrated production system that
offers high flexibility in product variety, volume, and production efficiency, with three main
components: workstations, automated material handling systems, and central computers [14].
Distribution stations are crucial elements in ensuring the smooth flow of materials between
workstations, as well as in theoretical and practical FMS learning. However, the spatial complexity
and dynamic interactions between FMS components, especially at distribution stations, are often
difficult to understand through conventional learning media such as textbooks, 2D diagrams, or
physical models. These media are currently unable to present interactive and realistic visualizations
in a three-dimensional environment, thereby limiting students' understanding of the system's workflow
and reducing their readiness to face the real manufacturing environment.

Research has been conducted that emphasizes the use of Virtual Reality as an interactive learning
medium in engineering education [15], [16]. However, validation by experts regarding the substance
of the material or media design has not been carried out, and its learning media has not been directed
in the context of FMS. The FMS simulator has been developed as an Arduino-based learning medium
for technical institutions [17]. However, system testing has not included the validation process by
experts (expert judgment), both in terms of manufacturing materials and learning media. This study
also integrated Virtual Reality technology into the development of the Virtual Flexible Manufacturing
(VFM) system; there has been no validation by experts to assess the feasibility of the content or the
effectiveness of the media [18]. Based on the analysis of the development of existing learning media,
a problem or gap exists in that the learning media developed have not been validated against expert
judgment.

To overcome these problems, this study developed learning media that focused on evaluating
learning media for introducing distribution stations in the Flexible Manufacturing System (FMS)
based on Virtual Reality (VR). This media is designed so that students can interact directly in a three-
dimensional virtual environment that resembles real conditions. This condition is in line with the trend
in educational technology research, especially in virtual reality, which focuses on developing new
tools and critically evaluating their feasibility and pedagogical effectiveness in specific learning
contexts [19]. This study fills the gap in previous studies that rarely evaluate the use of VR specifically
for FMS learning. The novelty of this study lies in the integration of FMS content into VR and expert
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validation from two sides—Ilearning media and FMS materials—to ensure technical, pedagogical, and
content suitability in the context of vocational education [20], [21].

This study aims to validate the Virtual Reality-based learning media that has been developed in
order to ensure the technical, pedagogical, and content suitability in supporting the FMS learning
process. Validation was carried out by two groups of experts to obtain a comprehensive evaluation of
the effectiveness of the media in the context of vocational education. The main contribution of this
study is to present an alternative interactive learning media while strengthening the scientific basis for
media development with a systematic evaluation approach. Thus, this study is expected to be a
reference in the development of other VR learning media that are relevant to the fields of engineering
and vocational education.

2.Method

In this study, a Virtual Reality (VR)--based Distributing Station learning media was developed as
a learning medium in vocational education. This learning media is designed to project a virtual
environment of the distribution station in three dimensions (3D) so that it can replace the role of
physical media in the process of introducing and learning components in the Flexible Manufacturing
System (FMS), especially the distributing station section. This learning media is the object of expert-
based evaluation to assess its feasibility as a substitute for direct practice in a physical laboratory.

This learning media was developed using various supporting software. Blender is used to create
3D models of each component of the distribution station. These components are depicted in detail and
realistically to support the user's spatial understanding. Unity 3D software version 2020 acts as a game
engine that integrates 3D components with the user interface and interaction flow in the learning
media. Programming is done using the C# language through Microsoft Visual Studio 2017, while
Adobe Photoshop is used to design visual elements and learning media interface layouts. To support
compatibility on Android devices, the learning media is also developed using the Android SDK with
the Java programming language.

Figure 1 shows a screenshot of the user interface of the Virtual Reality-based Distribution Station
learning media. The media interface display provides several main menus, namely Instructions, Info,
Objectives, Materials, and the Exit button. The Materials menu is a core feature that presents a
comprehensive introduction to each distributing station component in the form of 3D visualization
that users can explore. The components displayed and explained in the Materials menu include
vacuum switches, cable clips, plates, connectors, air service units, fiber optics, station link receivers,
PLCs, CP valves, Terminal I/0, Changer Modules and Stack Modules, one-way flow, rotary actuators,
proximity sensors, suction cups, acting cylinders, and micro switches. At the top of each component's
interface, users can select and navigate to view the names, functions, and installation illustrations of
components in the FMS system.

ANFORMAS|
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Fig. 1. The user interface of the Virtual Reality-based Distribution Station learning media
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This visualization not only provides a visual representation of the physical form but also illustrates
the interconnectedness between components within the operational context of the distribution station.
Thus, this learning media enables students to understand the function and role of each component in
greater depth without relying on physical laboratory facilities. Overall, the VR Distributing Station
learning media supports practical learning by providing an interactive, realistic, and safe experience
that allows users to become familiar with the key components of a distribution station within a Flexible
Manufacturing System environment.

3. Method

This study aims to validate the Virtual Reality (VR) as a learning medium for the Distributing
Station. Validation is carried out to ensure that the development of this technology-based learning
media meets the criteria of the material and media aspects. Four experts conducted the validation
process: two material experts and two media experts, all of whom have backgrounds in manufacturing
systems and engineering education, with more than five years of work experience. Assessment based
on the content aspect includes the structure and completeness of the content on the topic of distribution
stations, as well as its suitability with learning outcomes in vocational education programs.
Meanwhile, the assessment of the media aspect refers to the appearance of the user interface in the
context of computer-based multimedia, including color composition, text display, 3D image quality,
sound quality, and interface navigation.

The assessment process begins with the preparation of an assessment instrument intended for
material experts and computer-based learning media experts. The instrument grid is compiled based
on theoretical studies related to the distribution structure in FMS, as well as the principles of the
quality of VR technology-based learning media. Each item in the instrument is developed based on
the indicators in the grid to form an assessment questionnaire using a 4-point Likert scale. The
instrument that has been developed is then validated by an educational evaluation expert concerning
the indicators and principles of developing the right instrument to assess the feasibility of this VR
learning media.

3.1.Development of Expert Validation Instruments

The instrument used to evaluate the Virtual Reality (VR) Distributing Station learning media is a
4-point Likert scale questionnaire. This evaluation aims to obtain quantitative and qualitative data.
Quantitative data is used to determine the level of feasibility of VR-based learning media, while
qualitative data consists of suggestions, input, and comments from experts on the developed learning
media. The feasibility criteria for technology-based learning media refer to the principles and
indicators established in several previous studies, as stated by [22], [23], [24], [25]. Based on this
study, the feasibility of this VR learning media is assessed from two main aspects: validation of
material content and media.

The material content evaluation instrument consists of two aspects, namely, the material suitability
aspect and the usefulness aspect. The aspect of material suitability encompasses seven indicators:
suitability with basic competencies, suitability with the needs of student learners, grammar,
correctness of the material, clarity, flexibility and depth of the material, and sequence of the material.
For the aspect of the material's usefulness, there are three indicators: attracting students' attention to
the leaf, facilitating students' understanding, and the suitability of images with writing. The structure
and grid of the material expert instrument are shown in Table 1.

Table 1. The material expert's instrument grids and indicators
Aspect Indicators Number
Material suitability Suitability with Basic Competencies 1,2
Suitability with the needs of student learners 34,5
Grammar 6,7
Correctness of the material 8,9
Clarity 10,11
Flexibility and depth of the material 12,13,14
Sequence of the material 15,16
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Aspect Indicators Number
The usefulness Attracts students' attention to learning 17,18
Facilitates students' understanding 19,20,21,22
Suitability of images with writing 23,24

The media content validation instrument consists of two aspects, namely display design and media
usefulness. The display design aspect has four indicators: layout, accuracy of writing and components,
attractiveness, and ease. While the media usefulness aspect also has four indicators, namely facilitating
learning, attracting students' attention, increasing motivation, and helping students' understanding.
Table 2 shows the media expert instrument grid.

Table 2. The media expert's instrument grids and indicators
Aspect Indicators Number

Display design Layout 1,2
Accuracy of writing and components 3,4,5,6
Attractiveness 7,8
Ease 9,10

Media usefulness Facilitates learning 11,12
Attracts students' attention 13,14
Increases motivation 15,16
It helps students understand 17,18

3.2. The Instrument’s Validity

An instrument is declared valid if it can be used to measure what it is intended to measure. This
validity test aims to determine the accuracy of the instrument as a measuring tool. There are two stages
in the instrument validity test, namely construct validity and content validity. Construct validity is
assessed based on the composition of the instrument. The instrument has strong construct validity if
its items are related to the aspects discussed. Content validity is ensured by verifying that the
instrument's contents align with the topic being measured. Construct validity testing is conducted by
consulting experts in their respective fields. While the content validity test is based on statistical
calculations, this study uses the Product Moment formula to test its validity [26].

3.3.The Process of Validation

The instrument was declared valid based on the assessment by the validation expert, allowing it to
proceed to the next stage, namely evaluating the learning media product. The evaluation was
conducted using two types of instruments: evaluation instruments for content experts and instruments
for learning media experts. The content experts consisted of two experts from the Electrical
Engineering Vocational Education program who taught the Flexible Manufacturing System (FMS)
course. The learning media experts consisted of two experts specializing in computer-based learning
technology. The selection of FMS experts as material experts was based on the suitability of their
fields of expertise, ensuring the objectivity of the assessment and the input provided was truly relevant,
given their teaching experience. Meanwhile, the selection of media experts was carried out based on
their background of expertise in computer-based learning technology to ensure objectivity in the
interface and multimedia aspects.

Before the evaluation was conducted, the experts received a brief demonstration of the VR
Distributing Station learning media. The demonstration explained the learning media’s features,
navigation, and procedures for use, supporting an understanding of the components and functions of
the distribution station. Furthermore, the experts were allowed to try the system independently and
explore its available features. Discussion and question-and-answer sessions were also held to clarify
parts that had not been explained in detail. After that, the evaluation questionnaire was distributed
according to the assessment aspects to obtain quantitative data, which was then analyzed to determine
the level of learning media feasibility. In addition, qualitative data in the form of comments and
suggestions from experts were also collected as input for improving the media.
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3.4. Criteria for Eligibility

The data obtained from the results of expert judgment (media experts and material experts) are in
the form of quantitative data with a 4-point Likert scale. The quantitative data is analyzed to determine
the level of feasibility of the developed learning media. The determination of the percentage of
feasibility is based on the total value obtained from each expert and the total maximum value, as
shown in Equation (1). The feasibility level category is arranged based on Table 3 [27].

Eligibility Percentage = Obtainedvalue 1009 (1)

Maximum value

Table 3. Eligibility category percentage
Value in percent Category
81— 100 % Very Good/Very Worthy
61 —80% Good/Worthy
41 - 60 % Quite Good/Quite Worthy
21-40% Not Good/Unworthy
<21 % Very Bad/Very Worthy

4. Results and Discussion

This section presents the research results, analysis, and discussion based on the validation by
experts. The evaluation of the feasibility of this virtual reality learning media was carried out by
experts in learning materials, as well as media experts.

4.1.Learning Materials Validation

The feasibility of developing media materials to introduce distributing station components assisted
by Virtual Reality in the flexible manufacturing system practice course is determined by material
experts. This validation requires two experts as a benchmark for feasibility. Providing a questionnaire
is used as a technique to assess the feasibility of the media that has been created. The results of the
questionnaire, which was filled out by the validator, are in the form of scores on a scale of 1-4, with a
total of 24 statement items. The statements are divided into two aspects: the aspect of material
suitability, comprising 15 items, and the element of material usefulness, comprising nine items. The
material validation data from the experts are shown in Table 4.

Table 4. The material validation data from the experts

Aspect Item Min Max Validator  Validator

number  Score Score 1 2

Material suitability 1 1 4 4 4

2 1 4 3 4

3 1 4 3 4

4 1 4 4 4

5 1 4 3 4

6 1 4 3 4

7 1 4 3 4

8 1 4 4 4

9 1 4 3 4

10 1 4 3 4

11 1 4 3 4

12 1 4 4 4

13 1 4 3 4

14 1 4 3 4
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Item Min Max Validator  Validator

Aspect number  Score Score 1 2

15 1 4 4 4

The usefulness 16 1 4 4 4
17 1 4 4 4

18 1 4 4 4

19 1 4 4 3

20 1 4 3 3

21 1 4 4 4

22 1 4 4 4

23 1 4 3 3

24 1 4 3 3

Total 24 96 83 92

The data obtained from each statement item, based on each material expert, is accumulated with a
maximum limit of 96 scores and a minimum of 24 scores. The results in Table 4 were then analyzed
to determine the percentage of suitable media. The following material validation results are
summarized in Table 5.

Table S. Analysis of material validation data
Skor Score o Score o Total % Category

Aspect Max  Validator 1 % Validator 2 % Average  Total
Material suitability ¢, 50 8333 60 100 55 o167 2o
Good
Very

The usefulness 36 32 88.89 32 88.89 32 88.89
Good
Total 96 82 92 87 90027 Y
Good

Based on Tables 4 and 5, virtual reality media obtained a very good category from two validators.
The aspect of material suitability reached 91.67% and usefulness 88.89%. These results indicate that
the material aligns with the targeted learning needs and competencies. The validators gave high scores
on the suitability of the content to the objectives, clarity of information, and integration of context.
The usefulness of the media was also considered high because it was able to improve conceptual
understanding and support independent exploration. VR media is considered effective if the content
is authentic, contextual, and applicable [28]. This finding suggests that the development of similar
media should prioritize the integration of content quality and user experience, focusing on the
principles of content integration and ease of access. This approach can ensure that the media is not
only visually appealing but also has high instructional value, thereby increasing the overall
effectiveness of learning.

4.2.Media Aspect Validation

The quality and working system of the development of Virtual Reality-assisted distributing station
component introduction media in the flexible manufacturing system practice course can be seen from
the assessment of validation experts. Providing a questionnaire is used as a technique to determine the
feasibility of the media that has been created. The results of the questionnaire, which was filled out by
the validator, are in the form of a score with a scale range of 1-4, comprising a total of 18 statement
items. The statements are divided into two aspects: the appearance design aspect, comprising 10 items,
and the material usefulness aspect, containing eight items. The media validation data from the experts
are shown in Table 6.

Table 6. The media validation data from the experts
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Item Min Max Validator  Validator

Aspect number  Score Score 1 2
Display design 1 1 4 4 3
2 1 4 3 3

3 1 4 4 4

4 1 4 3 3

5 1 4 4 3

6 1 4 3 3

7 1 4 4 4

8 1 4 4 4

9 1 4 4 4

10 1 4 3 4

Media usefulness 11 1 4 4 3
12 1 4 2 2

13 1 4 4 3

14 1 4 4 3

15 1 4 3 4

16 1 4 3 3

17 1 4 4 3

18 1 4 4 3

Total 18 72 64 59

The data obtained from each item of the media expert review statement are accumulated to a
maximum of 72 scores and a minimum of 18 scores. The results in Table 6 were then analyzed to
determine the percentage of suitable media. The following media validation results are summarized
in Table 7.

Table 7. Analysis of media validation data
Skor Score o Score o Total % Category

Aspect Max  Validator 1 % Validator 2 % Average  Total
Display design 40 36 90% 35 87,5% 355 8875 o
Good
. 0 o Very

Media usefulness 32 28 87,5% 24 75% 26 81,25
Good
Very
Total 72 64 59 61.5 85 Good

Based on Tables 6 and 7, the developed VR media received a very good category from two
validators. The display design aspect scored 88.75% and the usability aspect 81.25%. These results
indicate that the main advantages lie in the visual design and interactivity of the media, which are
considered effective in supporting engineering learning. This finding aligns with the previous research
[29], which highlights that visual realism and immersive experiences in VR environments can enhance
engagement and understanding of abstract concepts in the STEM concept. However, the lowest score
appeared on one of the usability indicators (item 12), which indicates the need for evaluation of certain
features The implications of this assessment provide important input for the development of similar
VR media, namely by emphasizing the principle of user-centered design. Therefore, the media
developed is not only visually attractive but also functional, applicable, and supports the optimal
achievement of learning competencies [28].

4.3. The Product Revision

The product revision stage is carried out based on the results of qualitative data analysis obtained
from experts. This qualitative data consists of suggestions, input, and comments provided by material
experts and media experts on the Virtual Reality (VR) Distributing Station learning media that has
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|
been developed. This input serves as a valuable reference for enhancing specific aspects of the learning
media, including both content and visual presentation, as well as functionality. Table 8 shows
qualitative data from expert suggestions.

Table 8. Comments and suggestions from experts
Value in percent Category
Material Experts Background replaced by introduction.

Benefits do not need to be included in the module.

Bullets are replaced by letters or numbers.

In the image section, which is still part of one description, alphabet separators are
used.
The purpose of the task section is explained more clearly.

Improve the sentence pattern of questions in the evaluation.

The multiple-choice section in the evaluation is arranged dynamically, making it
difficult for students to guess the answers easily.

Media Experts It would be better if it were developed not only the introduction of components but
also their use and operation of the distributing station system.
Can be conveyed with additional specifications for each component

Writing the material section containing components, if possible, is made more
apparent, and the title is not material but distributing station components

Based on comments from experts, it was found that the learning media for the virtual reality-based
distribution station was feasible in terms of media and still needed improvement in terms of material.
Suggestions from material experts were more towards improvements to the module book for the VR-
based Distribution Station learning media. Experts suggested a more comprehensive writing and
explanation system. Based on all comments and suggestions from material experts and media experts
in Table 8, several improvements were made to improve the quality of the media developed.

The title "Background" was changed to "Introduction" by changing the term "Background" at the
beginning of the media to "Introduction.”" This aims to make the presentation of initial information
feel more communicative and direct to the context of media use, in accordance with the characteristics
of interactive learning modules that are concise and focused. The section containing an explanation
of the benefits of learning media has also been removed according to expert advice. All sections of
the list that previously used bullet symbols have been changed to use a numbering or alphabetical
system, as shown in Figure 2(a). This change was made to clarify the sequence, strengthen the logical
structure in conveying information, and make it easier for students to understand the contents of each
point systematically. In the section that displays several elements in one image or illustration,
adjustments have also been made by labelling them with alphabetical letters (such as a, b, ¢, and so
on), as shown in Figure 2(b).

I ] | l ” P ey - |
® (b)

Fig. 2. (a) Revision on numbering, and (b) Layout of image section
i
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The previously unclear task section has been improved by providing a more explicit explanation
regarding the intent of each instruction. The description includes the purpose of the task, the steps to
complete it, and the form of the final result that must be submitted by students so that there is no
confusion in its implementation. Sentences in the evaluation section, especially questions, have been
improved to be more straightforward, unambiguous, and correct language rules. This improvement is
expected to improve understanding of questions and minimize the possibility of multiple
interpretations from students. To prevent students from guessing the answers from repeated option
patterns, the answer choices in the evaluation questions have been rearranged randomly
(dynamically). This step was taken so that students are encouraged to understand the material truly,
not just rely on memorizing answer patterns. The section title previously called "Material" has been
changed to "Distributing Station Components" to adjust to the content of the discussion. In addition,
the writing of the components in this section has also been clarified with a more organized structure,
more informative descriptions, and supporting illustrations to aid understanding.

As a follow-up to suggestions from media experts, revisions have been made to the media section,
especially those related to the appearance and content of the learning media. Several important
components, such as the vacuum switch, air service unit, proximity sensor, and suction cup, are now
accompanied by detailed technical explanations to be more informative, as shown in Figure 3(a). This
addition aims to ensure that students not only recognize the shape and name of the components
visually through VR media but also understand the technical characteristics that are relevant to
practices in the industrial world. After that, the title of the material section was changed, which was
initially called "Material" to "Distributing Station Components" to be more representative of the
content and focus of learning. In addition to changing the title, this section was also rearranged with
a more systematic and informative structure, including explanations of functions and 3D
visualizations, as shown in Figure 3(b). This revision is expected to enrich students' learning
experience with an approach that is not only visually interactive but also technically educational and
applicable.

MODULE STACK MAGEZINE

Mampu menampung 8 buah benda kerja. Sensor benda kerja berupa
optical proximity sensor. Pendorong benda kerja mm\uuna‘un Siinder
kerja ganda dilengkap| dengan sensor proximity pada posisi maksimum
dan minimum dan one way flow control untuk mengatur kecepatan
gerak maju dan mundur silinde:

KOMPONEN KOMPONEN
DISTRIBUTING DISTRIBUTING
STATION STATION

E—TT—
]
]

Fig. 3. Revision of (a) additional explanations for each component, and (b) change of title and layout

5. Conclusion

The development of digital technology has brought significant changes in the world of education,
including vocational education, which requires a deep understanding-of engineeringsproductsminsthis
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context, technology-based learning media such as Virtual Reality (VR) are an effective alternative
solution for visually and interactively introducing engineering components. This study develops and
evaluates the Virtual Reality (VR) distributed learning media as a virtual laboratory for introducing
distribution station components in the Flexible Manufacturing System (FMS). Validation is carried
out based on expert evaluations, which are divided into two main aspects, namely the content aspect
and the media content aspect. Content experts are selected from experienced professionals who
specialize in teaching FMS, while media experts are drawn from those with expertise in developing
computer-based learning media. Data analysis is based on quantitative and qualitative data generated
from validation with experts. The results of the analysis show that the level of learning media
feasibility from the content aspect of the material, which includes the suitability and usefulness of the
material, obtained a total score of 87 out of 96 or 90.27%.In comparison, the media aspect, which
includes display design and media usability, obtained a total score of 61.5 out of 72, or 85%, both of
which fall into the "very good" category. These findings suggest that visual representation and
interactive interface design are the most prominent elements in supporting learners' understanding. At
the same time, some features require improvement in terms of both functionality and alignment with
learning outcomes. Thus, the effectiveness of VR media development in the context of engineering
education is not only determined by the sophistication of technology but also by the integration of
content quality, visual design, and expertise-based validation processes that can ensure that the media
is truly adaptive to vocational learning needs.
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