Published:
May 04, 2026

This work is licensed
under a Creative
Commons Attribution-
NonCommercial 4.0
International License

Selection and Peer-
review under the
responsibility of the 7th
BIS-HSS 2025 Committee

7" Borobudur International Symposium on
Humanities and Social Science (BIS-HSS) 2025 URIVERSITAS MURAMMADIVAH MAGELANG

Mobile augmented reality for vocational education
learning  “marvel”: Innovation of mobile
augmented reality learning media as a practical and
effective solution in vocational education

Nuzul Hidayat™, Wakhinuddin!, Remon Lapisa', Wawan
Purwanto’, Hendra Hidayat', Riki Mukhaiyar!, Gunawarman?,
Jackly Muriban3, and Desi Yusdian#*

' Universitas Negeri Padang, Padang, Indonesia

* Universitas Andalas, Padang, Indonesia

3 Centre for Research and Innovation, Jabatan Pendidikan Politeknik dan Kolej Komuniti, Malaysia
* Sharia Economic Law (HES) UIN Mahmud Yunus Batusangkar, Batusangkar, Indonesia
“Corresponding author’s email: nuzulhidayat@ft.unp.ac.id

Abstract

This research focuses on the development of Mobile Augmented Reality for Vocational
Education Learning (MARVEL) as an interactive learning medium for introducing
components of Air Conditioning Technology in vocational education. MARVEL is
designed to enhance learning experiences by integrating Augmented Reality (AR)
technology, allowing students to visualize 3D models of system components through a
mobile application. The research follows a Research and Development (R&D)
methodology, including needs analysis, design, development, validation, and
evaluation. Expert validation was conducted by subject matter experts, media experts,
and teachers, with assessments covering aspects such as content feasibility,
presentation, language, interface design, software engineering, usability, and
compatibility. The results indicate that MARVEL received high feasibility ratings: 92.72%
from subject matter experts, 92.4% from media experts, and 96.8% from teachers,
classifying it as “excellent.” These findings suggest that MARVEL is an effective,
engaging, and innovative learning tool that enhances students’ understanding of Air
Conditioning Technology. By incorporating interactive AR-based content, MARVEL
improves conceptual visualization and practical knowledge, making it a valuable
addition to vocational education. Future research can focus on expanding content,
improving interactivity, and testing in real classroom settings to further enhance its
impact.

Keywords
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BIS Humanities and Social Science

Vocational education plays a crucial role in preparing skilled workers who are ready to
compete in the industry. However, one of the main challenges in vocational education
is the lack of interactive learning media that align with the needs of modern industries

. In this context, Mobile Augmented Reality (MAR) technology offers an innovative
solution to enhance the learning experience of vocational students.

Augmented Reality (AR) is a technology that enables users to interact with virtual
objects projected into the real world through mobile devices (Azuma, 1997). This
technology has been proven to increase learning motivation and comprehension of
complex concepts |2]. In vocational education, MAR can be used to simulate complex
work processes and enhance students’ practical skills

However, the implementation of MAR technology in vocational education still faces
several challenges, such as the lack of media development tailored to specific course
requirements and limited access to the technology | 4|. Therefore, the development of
MAR-based learning media called “MARVEL” (Mobile Augmented Reality for Vocational
Education Learning) is expected to address these issues.

The study of air conditioning technology typically begins with the fundamental
introduction of air conditioning system components in automobiles. The next stage
involves a deeper understanding of its working principles and the analysis of system
performance, from basic operations to more complex mechanisms [ 5 |. The components
of an air conditioning system serve as essential elements that support its functionality.
These components include the compressor, condenser, receiver dryer, expansion valve,
evaporator, and other related parts

The course, Air Conditioning Technology, includes basic competencies related to the
introduction of fundamental electronic components | 7|. These competencies cannot be
effectively explained through traditional lecture methods or static images alone
Based oninterviews and the author’s experience, the conventional methods of lecturing
and using images have limited impact on students’ comprehension of air conditioning
technology concepts.

A similar issue was identified in another study by | 9], which found that existing training
media still have limitations, particularly in terms of introducing air conditioning system
components comprehensively. Additionally, previous research-developed media cannot
be widely implemented in schools due to constraints in their development and
distribution.

Thus, to effectively learn air conditioning technology, a supplementary learning tool is
needed that can visualize components comprehensively while remaining accessible and
user-friendly for both teachers and students . According to [11], students gain more
meaningful learning experiences when they study material in a concrete manner rather
than in an abstract way. However, direct hands-on experience can be challenging to
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implement in the learning process since not all concepts can be taught through direct
exposure.

According to , learning media play a crucial role in facilitating the teaching and
learning process. Instructional media are essential in overcoming learning barriers,
making educational content more accessible and understandable for students. The
presence of effective learning media supports a more efficient learning process and
helps educators achieve instructional objectives more effectively.

With advancements in information technology, individuals can now use devices such as
smartphones, laptops, or computers to identify components in learning . The
development of Augmented Reality on smartphones will assist students in recognizing
air conditioning system components

The study by introduced the concept of merging real and virtual objects into a three-
dimensional (3D) interactive environment in real time. The concept of Augmented
Reality (AR) is an evolution of Virtual Reality (VR) or Virtual Environments (VE). Unlike
VR, which immerses users in a fully synthetic environment, AR enhances the real world
by overlaying digital content. Today, AR technology has advanced significantly and can
now integrate video elements as well.

From a technical perspective, AR is a transformative technology that extends
interaction beyond the screen . Strategically, the use of AR-based instructional tools
significantly enhances the teaching and learning process by incorporating engaging and
interactive elements. AR technology provides a unique visual representation that
captures students’ interest and facilitates a more concrete understanding of complex
concepts

With AR technology, modern advancements can address various challenges, making
learning materials more engaging and visually clear [19]. For this reason, the author aims
to integrate AR with Android-based smartphones to provide a comprehensive
representation of electronic components and fundamental electronics. AR is an
attractive tool that allows users to perform complex tasks in learning environments

The introduction of MARVEL is designed to enhance students’ conceptual
understanding of Air Conditioning Technology in the automotive field. This media not
only provides an immersive visual experience but also enables students to interact
directly with machine components through AR technology

This study aims to develop and test the effectiveness of MARVEL in improving
vocational students’ learning outcomes. The research primarily focuses on media
design, expert validation, and real-world student trials. Thus, the development of
MARVEL is expected to make a significant contribution to enhancing the quality of
learning in vocational education, particularly in the Air Conditioning Technology course
in the automotive sector.
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Method

In the Air Conditioning Technology course at the Department of Automotive
Engineering, Faculty of Engineering, Universitas Negeri Padang, this research aims to
develop aninteractive learning medium that students can use for self-directed learning.

A research and development (R&D) approach is employed to design this three-
dimensional model. The research and development method is used to create specific
products and test their effectiveness. This method differs from other educational
research methods because its primary objective is to develop products through trial and
revision before producing a feasible final product. Research and development is a
process used to develop and validate educational and learning materials, as stated by

[22]in[23].

Development steps
According to [ 24], the general steps of research and development shown in Figure 1.

Design
Improvement
Problem Information Product Design
Identification Gathering Design Validation
Mass Final Field Product Product
Production Product Testing Revision Testing
Revision

Figure 1. Research development steps

Problem identification

At this stage, the identified problem should offer value when addressed. The problem
must be based on empirical data, which may come from research reports, studies
conducted by others, or reports from institutions or individuals.

1. Information gathering

Once the problem is accurately and currently identified, various information
sources are collected to support the planning of a specific product designed to
solve the issue. This requires specialized research methods.

2. Product design

The outcomes of research and development vary. One way to describe a product
design is through diagrams or charts that assist in assessment and development.
Alternatively, it may be a system accompanied by an explanation of its usage,
functionality, advantages, and disadvantages.

3. Design validation

This process aims to determine whether the new product design will be more
effective than the existing one. The evaluation is rational, as it is still based on
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logical reasoning without field data considerations. Experts in the relevant field
are invited to assess the product and discuss its strengths and weaknesses. For
instance, in research on learning model and instructional material development,
experts in the subject matter and educational technology, as well as learning
evaluation specialists, may be involved.

4. Designimprovement

Once the product’s weaknesses are identified, design revisions are carried out.
Researchers responsible for product development are tasked with refining the
design.

5. Product testing

The initial stage of product testing involves simulating its use. After simulation,
testing is conducted on a small group of users to determine whether the new
product is more effective than the previous version.

6. Product revision

Since initial testing is limited, it may not fully reflect real-world conditions. During
this stage, weaknesses and shortcomings of the product are identified, allowing
users to provide feedback and gather data on its performance.

7. Field testing

After revisions, the product is tested on a larger population. Continuous
evaluation is necessary to identify weaknesses and improve the product
accordingly.

8. Final product revision

If performance issues arise when used by a broader audience, developers must
reassess and refine the product. Evaluation results help enhance the existing
product or lead to the development of a new one.

9. Mass production

This is the final stage of research and development. Once the product has proven
successful through multiple tests, it can be mass-produced for widespread
implementation. Techniques such as surveys, quasi-experiments, and action
research help ensure the validity and credibility of the study.

1. Observation

Observation is an action carried out by individuals who are knowledgeable about
a phenomenon, using prior knowledge and established concepts to obtain the
necessary information for further research. In this study, the observation
technique is used to observe and interview lecturers of the Air Conditioning
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Technology course to gain insights into the module product that will be

developed.

2. Questionnaire

The questionnaire is used to collect the necessary data for the research

objectives. Suggestion and comment sheets, along with questionnaires, serve as

research tools.

Table 1. Instrument grid for subject matter experts

No. Aspect Indicator
1 Content Feasibility (CF) Alignment of material with curriculum standards
Material accuracy
Supporting learning materials
Material relevance and up-to-date content
22 Presentation Feasibility (PF) Presentation technique
Supporting presentation
Learning presentation
Completeness of presentation
33  Language Assessment (LA) Clarity
Communicative
Dialogic and Interactive
Suitability with student development level
Coherence and logical flow
Use of terms, symbols, or icons
Table 2. Instrument grid for media experts
No Aspect Indicator
For MARVEL Application
Suitability of icons, layout, and page layout
1 Display Quality (DQ) Menu and material display presentation
Font and color suitability
. Software Engineering
(SE) Ease of application operation
3 Usability (U) Application usage
4 Interface (1) Design matches user level
Format and image resolution suitability
5 Reusable (R) Future media development
6 Maintainable (M) Ease of application installation and compatibility with other
software
7 Compatibility (C) Application compatibility with Android smartphones

-

For Learning Modules
Module physical size
Module cover layout
Attractive and easy-to-read font
Module cover illustration
Layout consistency

Graphic Feasibility (GF) ~ Harmonious layout size

Complete layout elements
Layout supports understanding
Consistent typography
Easy-to-read typography
Content illustration
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A questionnaire is a collection of written questions designed to obtain
information from respondents regarding what they know or about themselves
[25]. There are assessment forms for experts and specialists, as well as
assessment forms for lecturers and students.

The evaluation method for the feasibility of the learning module uses a Likert
scale with response options consisting of very good, good, fair, poor, and very
poor. The scores assigned to these responses are: Very good = 5, Good = 4, Fair
=3, Poor=2, Verypoor=1.

The questionnaire instrument is divided into four categories: subject matter
experts, media experts, lecturers of the Air Conditioning Technology course, and
users (students). The instrument provided to subject matter experts aims to
assess whether the content presented in the learning media aligns with
competency standards, basic competencies, and the expected indicators. The
instrument grid for subject matter experts is presented in Table 1. Next, the
researcher uses media expert instruments to assess the learning media in terms
of its relevance and suitability for students. The instrument grid for media
experts is presented in Table 2.

Development procedure

According to 26, a procedure is a series of actions that must be carried out step by step
to achieve a specific goal or complete a product. In this study, the researcher seeks to
align the learning development procedure with the following steps as presented in
Figure 2.

Needs Analysis
Stage
v
Product Design Flowchart Storyboard Marker 3D Model AR Module Determine components,
Stage Creation Creation -> Creation Creation -> Design Design title layout, etc
]
]
i
Pre-Validation oo ¢ S Analysis
B el el [ [ e 'y .
Validation And o Zs Validation by and by ang Limitation
7 i and z o
Evaluation =3 90115“' 00 3 o => Experts/Specia =y Revision = Teachers => Revision => Test
Stage with Revision I lists it il
Supervisor
1
]
1
]
v
Final Product
Stage

Figure 2. Development procedure MARVEL

Flowchart

The flowchart image shows the structure of the sequence of activities of a program
from beginning to end. The flowchart of the MARVEL application developed by the
researcher is as follows:
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Figure 3. Flowchart MARVEL

Figure 3 shows the main page of the application interface, where users can access
instructions, download modules, select materials, and exit the application. Additionally,
users can read and learn how to use the MARVEL application, as well as download the
module directly. After downloading the module, or if they already have it, users will be
directed to the material page. On this page, they can choose the learning material they
want. In AR Learning, users will be taken to camera mode after making a selection. This
mode allows the camera to scan module markers and display 3D objects detected by the
camera.

Results and discussion

Results
1. Storyboard

One alternative way to integrate storytelling and visuals into the application we
are developing is by creating a storyboard. Below is the storyboard design for
the 3D application. One alternative way to integrate storytelling and visuals into
the application is by creating a storyboard. The storyboard design for the 3D
application is presented in Figure 4.
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Figure 4. MARVEL Application Media View

After the storyboard stage, the application was developed into marker-based

augmented reality learning media. Figure 5 shows the markers and MARVEL scan results
used to display 3D components of the air conditioning system.

KOPLING MAGNET

)

RECEIVER DRYER ﬁ

{ Back )

FJECIVEE Y o

Figure 5. Marker and MARVEL scan results
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2. Validation by subject matter expert
The material validation process is necessary to ensure that the taught material
aligns with the Core Competencies, Basic Competencies, and Indicators of the Air
Conditioning Technology course in the Automotive Engineering program at the
Faculty of Engineering, Universitas Padang. After the expert reviews all the
material in the learning media, the evaluator can answer the questions in the
prepared questionnaire. The data is then thoroughly analyzed for each
component, as presented in
. Assessment of content suitability aspects by material experts
Assessment Indicator Assessment Items Score Interpretation
A. Material suitability 1. Completeness of méterlal 4 Good
with Kl and KD 2. Scope of material 5 Very Good
3. Depth of material 4 Good
4. Accuracy of concepts and definitions 5 Very Good
5. Accuracy of principles 4 Good
6. Accuracy of facts and data 5 Very Good
. 7. Accuracy of examples 5 Very Good
B. Material accuracy 8. Accuracy of questions 5 Very Good
9. Accuracy of images, diagrams, and 5 Very Good
illustrations
10. Accuracy of notation, symbols, and units 5 Very Good
11. Accuracy of references 5 Very Good
12. Reasoning 4 Good
13. Coherence 5 Very Good
C. Learning material 14. Communication (write and talk) 5 Very Good
support 15. Application 5 Very Good
16. Material attractiveness 5 Very Good
17. Encouraging further information 5 Very Good
retrieval
18. Suitability of material with scientific 5 Very Good
D. Material update developments
19. Images, diagrams, and illustrations 4 Good
20. Updated references 4 Good
Total 90 Very good
According to the data in , the subject matter expert’s assessment of the

content feasibility aspect in the development of this learning media received a
score of 90. When converted into a percentage, this results in a value of 90%, with
an interpretation of “very good.”

According to the data available in , the subject matter expert’s
assessment of the material presentation element in the development of this
learning media received a score of 54. When converted into a percentage, it
results in a value of 98.18%, with an interpretation of “very good.”
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. Assessment of presentation aspect by subject matter expert

Assessment Assessment Items Expert Interpretation
Indicator Score
Presentation 1. Consistency of systematic presentation in
Technique learning activities 5 Very Good
2. Sequence of presentation 5 Very Good
3. Feedback on practice questions 5 Very Good
Presentation 4. Selection of AR images 5 Very Good
Support 5. Introduction 4 Good
6. References 5 Very Good
7. Summary 5 Very Good
Learning
Presentation 8. Student involvement 5 Very Good
Presentation 9. Introduction Section 5 Very Good
Completeness 10. Content Section 5 Very Good
11. Closing Section 5 Very Good
Total 54 Very Good
. Assessment of language aspect by subject matter expert
Assessment Indicator Assessment Items Expert Interpretation
Score
. 1. Accuracy of sentence structure 5 Very Good
A. (larity .
2. Sentence effectiveness 5 Very Good
3. Terminology consistency 5 Very Good
B. Communicative 4. Message readability 4 Good
5. Accuracy of language rule usage 4 Good
C. Dialogical and 6. Ability to motivate messages and
Interactive information 5 Very Good
7. Ability to encourage critical thinking 5 Very Good
D. Suitability with 8. Suitability with students’ intellectual
Student  Development development 4 Good
9. Suitability with students’ emotional
Level
development 5 Very Good
10. Coherence and logical flow within
E. Coherenceand . -
. learning activities 5 Very Good
Logical Flow .
11. Coherence and logical flow between
paragraphs 4 Good
F. Use of Terms, 12. Consistency in term usage 5 Very Good
Symbols, or Icons
13. Consistency in symbol and icon usage 5 Very Good
Total 60 Very Good
. Results of subject matter expert assessment
Assessment Aspect Maximum Expert Percentage Interpretation
Score Score (%)
Content Feasibility 100 90 90 Very Good
Presentation 55 54 98.18 Very Good
Language 65 60 92.3 Very Good
Final Result 220 204 92.72 Very Good

The subject matter expert’s assessment of the language aspect in the
development of this learning media received a score of 60. When converted into
a percentage, it results in a value of 92.30%, with an interpretation of “very
good,” as shown by the data in The final score from the subject matter
expert’s assessment will determine whether the material in the developed
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learning media meets the core competencies, basic competencies, and other
essential competencies.

According to the recorded data from each aspect in , the subject matter
expert has evaluated the development of learning media on the introduction of
Air Conditioning System components with a percentage of 92.72%, interpreted as
“very good.” Based on these findings, it can be concluded that the learning
media on the introduction of Air Conditioning System components aligns with
the scope of Core Competencies, Basic Competencies, Indicators, and the
applied content.

3. Media expert validation
Before the media expert fills out the provided questionnaire, they first test the
application along with the learning module, which contains material on the
introduction to Air Conditioning Technology system. The module and application
are consulted with the media expert until they are deemed suitable for use. After
testing the application and module, the media expert can then answer the
questions in the prepared questionnaire. The feasibility data of the learning
media is collected using the following data:
. Assessment of application display quality aspects of MARVEL by media experts
No Assessment Indicator Expert '"tef'
Score pretation
Icons/buttons that facilitate user interaction with the Android-
1 . . Very Good
based mobile media
, Initial screen presentation of the Android-based mobile media Verv Good
that facilitates activity selection > y
Clarity of menu hierarchy and electronic component learning Good
3 materials in the Android-based mobile media 4
4 Page layout arrangement 5 Very Good
Appropriateness of text color usage and font type in the Android-
5 : . 4 Good
based mobile media
6 Approprlatgness of image proportions presented in the Android- 5 Very Good
based mobile media
Loading process performance in the Android-based mobile media Good
7 (hack and crash) 4
Total Score 32 Very Good
The data presented in , shows that media experts’ assessment of the display

quality aspects of the MARVEL software, as an educational resource for introducing

components of the Air Conditioning Technology system, received a score of 32. When

converted into a percentage, it achieves a value of 91.42% with an interpretation of

“excellent.”

. Assessment of software engineering aspects of the application

No Assessment Indicator Expert Score Interpretation
Ease and simplicity in operating the Android-based mobile Good
media

2 Ease of content search (materials or information) 4 Good

Total Score 8 Good
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According to the data available in , media experts’ assessment of the software
engineering elements in the MARVEL application as a learning medium for introducing
components of the Air Conditioning Technology system received a score of 8. When
converted into a percentage, it shows a score of 80% with a “good” interpretation.

. Assessment of the feasibility aspects of the MARVEL application by media experts
No Assessment Indicator Expert Score Interpretation
Android-based mobile media can be used anytime and

! anywhere by students e Very Good
Presentation of Air Conditioning Technology system
2 introduction materials enables students to learn 5 Very Good
independently
Total Score 10 Very Good
The data shown in , indicates that media experts’ assessment of the feasibility

elements the Air Conditioning Technology system related to the use of the MARVEL
application as a learning medium received a score of 10. When converted into a
percentage, it achieves a value of 100% with an interpretation of “excellent.”

. Assessment of the interface aspects of the MARVEL application by media experts

No Assessment Indicator Expert Score Interpretation
The interface of the Android-based mobile media has a good

1 5 Very Good
layout

, The design of the Android-based mobile media display 5 Very Good
matches the user level
Accuracy of color selection, color balance, font type, and font Good

3 size in the Android-based mobile media 4
Suitability of image format and resolution displayed in the

4 Android-based mobile media > Very Good

Total Score 19 Very Good

According to the data shown in , media experts’ evaluation of the interface

elements of the MARVEL application as a learning medium for introducing components
of the Air Conditioning Technology system received a score of 19. When converted into
a percentage, it shows a value of 95% with an interpretation of “excellent.”

. Assessment of the reusability aspects of the MARVEL application by media experts
No Assessment Indicator Expert Score Interpretation
Some or all learning programs in Android-based mobile media
can be reused to develop other learning media

4 Good

Total Score 4 Good

. Assessment of the maintainability aspects of the MARVEL application

No Assessment Indicator Expert Score Interpretation
] The Android-based mobile media application is easy to install
or uninstall from the mobile system 4 Good
5 The master application of Android-based mobile media is easy
to transfer from one mobile phone to another 4 Good
Total Score 8 Good
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According to the data in , media experts’ evaluation of the reusability elements
of the MARVEL application as a learning medium for introducing the Air Conditioning
Technology system received a score of 4. When converted into a percentage, it shows a
value of 80% with an interpretation of “good.”

As a learning medium for introducing components of Air Conditioning Technology, the
MARVEL application received a score of 4. When converted into a percentage, it
achieves a value of 80%, which is categorized as “good,” according to the data in

. Assessment of the compatibility aspects of the MARVEL application by media experts.

No Assessment Indicator Expert Score Interpretation
] The Android-based mobile media application can run on all
Android versions 5 Very Good
5 The Android-based mobile media application can run on all
screen resolutions 5 Very Good
Total Score 10 Very Good
According to the data shownin , media experts’ assessment of the compatibility

components of the MARVEL application as a learning medium focused on introducing
Air Conditioning Technology received a score of 4. When converted into a percentage,
it shows a value of 100% with aninterpretation of “excellent.” The total assessment from
each element is then summed to determine the final score or percentage of the media
evaluation conducted by media experts, ensuring the feasibility of the developed
learning media based on the provided data.

. Media experts’ assessment results for the MARVEL application

Assessment Aspect Max Expert Score (%) Inter
Score pretation

Display Quality 35 32 91.42 Very Good
Software Engineering 10 8 80 Good
Implementation 10 10 100 Very Good
Interface 20 19 95 Very Good
Reusable 5 4 80 Good
Maintainable 10 8 80 Good
Compatibility 10 10 100 Very Good
Final Score 100 o1 91 Very Good

Media experts also assessed the graphical feasibility aspect of the module with the
following data: The development of learning media for introducing Air Conditioning
Technology received a score of 4. When converted into a percentage, the tested
MARVEL application achieved a score of 91%, with an interpretation of “excellent,”
according to the summary of each aspectin

The product developed in this research serves as a learning medium for introducing
components of Air Conditioning Technology. The Mobile Augmented Reality for
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Vocational Education Learning (MARVEL) application on Android smartphones contains
this learning media. This application utilizes Augmented Reality (AR) technology,
allowing users to view objects in three dimensions through images in the module

The first step in developing this learning media is needs analysis. This process involves
analyzing the curriculum to determine which products align with curriculum
requirements. The curriculum analysis identifies themes that correspond to core
competencies and basic competencies, ensuring that the learning materials presented
in the media are relevant to those competencies.

The next stage is designing the product to be developed. This phase involves several
activities, including determining the components for the three-dimensional media
design (images, simulations, and content), conceptualizing the delivery and
organization of materials, designing 3D models, creating markers, developing the AR
system, designing the application menu, and creating the learning module. The outcome
of this stage is an initial product design, which consists of the previously developed
three-dimensional media concept. This design serves as a guideline for further product
development

Once the media is created, it will be reviewed with academic supervisors and tested by
media and subject matter experts. The selection of media and subject matter experts
for wvalidation is conducted according to recommendations to ensure the
appropriateness of the evaluation process . This testing phase is crucial for
validating the developed learning product. Researchers can identify deficiencies in the
learning media and make improvements using the evaluation sheet. In the content
validation process, subject matter experts assess the product based on various aspects,
including content feasibility, presentation feasibility, and language evaluation.

The results indicate an average percentage of 92.72%, with an interpretation that the
content presented in the learning media is excellent. Thus, this learning media is
considered appropriate and aligns with the Core Competencies and Basic
Competencies. The media evaluation examines various elements, such as display quality,
software engineering, feasibility, interface, reusability, maintainability, and
compatibility. These aspects are used to assess the MARVEL learning media application
on Android smartphones.

After conducting research on the development of learning media through the mobile
augmented reality for vocational education learning (marvel) application, several key
findings were obtained regarding the feasibility of the learning media. The content
validation conducted by subject matter experts resulted in a feasibility score of 92.72%,
indicating that the material presented in the application is highly suitable and aligns with
the required competencies.
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Additionally, the construct validation by media experts yielded a score of 92.4%,
reflecting the application’s strong design, interface, and overall usability as a learning
tool. Furthermore, teacher validation produced a score of 96.8%, suggesting that
educators found the marvel application to be an effective and practical tool for
vocational education.

These results demonstrate that the marvel application meets the necessary standards
for educational media development, ensuring its feasibility, effectiveness, and
alignment with the learning objectives in vocational education, particularly in air
conditioning technology.

This research activity is funded by the Lembaga Penelitian dan Pengabdian kepada
Masyarakat (LPPM) Universitas Negeri Padang through the Applied Research Scheme,
under Grant Number 899/UN35.13/LT/2021. The authors would like to express their
sincere gratitude for this valuable support, which made the completion of this study
possible.
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