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Abstract—The development of Augmented Reality (AR)
technology has proliferated in the educational arena. The
results of subjective observations of engineering mechanics
learning show the decline in student interest and
understanding caused by conventional teaching methods,
which are the biggest obstacles in the learning process, thus
impacting students’ cognitive abilities. This study develops AR
as an instructional media for engineering mechanics using the
Analyse, State, Select, Utilise, Require, and Evaluate (ASSURE)
instructional design model with an R&D approach. This study
used performance assessment instruments, questionnaires, and
interviews with students and lecturers as the primary data. The
subjects of this study were 103 students of Mechanical
Engineering Vocational Education at Universitas Negeri
Padang in the 2020-2021 academic year. The results showed
that the use of AR-based learning media had a positive impact
on students’ understanding of basic concepts and skills. In
addition, AR media support independent learning and provide
direct feedback to students. The acquisition of validation
results from material experts is 88.48% (very valid), media
experts of 89.26% (very valid), and linguists of 87.41% (very
valid). The average practicality test results from the lecturer’s
responses were 89.70% (very practical) and 81.63% (practical)
student responses. In conclusion, the results of developing
mobile AR applications that are declared valid and practical
can provide a more interactive and exciting learning
experience for students to increase their interest and
understanding of learning. Therefore, mobile AR is an exciting
option for further integrating engineering education into
higher education.
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I. INTRODUCTION

Everyone must cultivate a critical, creative thinking and
innovative mindset in today’s digital world. These skills are
essential for producing quality human resources and
contributing to education in Indonesia. Indonesia ranks 87 of
157 countries on the World Bank 2018 Human Capital Index
[1-3]. Quality education is essential in preparing Indonesians
to live in the era of Society 5.0 and Industrial Revolution 4.0
[4, 5]. Moreover, the best technology-based education system
is snowballing in countries such as Japan, China, Singapore,
and Korea [6, 7]. It was an opportunity for the Indonesian
people to follow developed countries on the Asian continent
in developing education systems and encouraging character
education integrated with science and technology [8].

Education’s value rests in the fact that it allows for the
betterment of human resources in teaching, research, and
community service, all of which actively contribute to the
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transfer of potential from one generation to the following [9—
12]. The rapid development of technology affects aspects of
education, especially in the presence of the Minister of
Education and Culture, who has instituted a policy called
Merdeka Learning Independent Campus (Indonesia:
Merdeka Belajar Kampus Merdeka/MBKM). The policy aims
to provide students with skills ready to be implemented in the
workplace, especially aspects of information technology that
focus on the quality of human resources ready to compete. It
is a form of implementation of higher education in building
21st-century skills in students with web-based learning
models, blended, e-learning, mobile, and distance learning
[13-15]. Implementing the Independent Campus the
curriculum requires all universities to implement information
technology-based learning media innovations using digital
media, such as learning videos, interactive multimedia,
augmented reality, virtual reality, mixed reality, and
hologram media [16-18]. The emergence of the programme
provides access to educators and students to improve the
quality of learning outcomes [19], and self-development so
that the learning applied adapts to the needs of students and
creates a more independent, creative, and innovative learning
atmosphere.

Based on observation findings at the Department of
Mechanical Engineering at Universitas Negeri Padang. One
of the problems obtained is the decline in student interest and
motivation due to traditional teaching methods, such as
blackboard media, one-way lecture models, individual
assignments, and written exams, which are still often used,
affecting the motivation to learn engineering mechanics
courses that seem monotonous [20, 21]. Although these
traditional teaching methods are still widely used, education
must continue developing and introducing more innovative,
interactive, and engaging methods to maintain students’
interest and motivation and improve their learning outcomes
[22, 23]. Additionally, the post-COVID-19 pandemic effect
has altered the face-to-face learning pattern, with a
disproportionately high number of distance learning
implementations employed as a substitute for the teaching
process [24, 25]. Therefore, there is a need for educational
innovation in the classroom that fosters a new learning
environment through interactive learning media to develop
instruction that actively involves students in the learning
process [26].

The aspects that influence a teacher’s readiness are
theoretically presented in the study “a critical outlook at
augmented reality and its adoption in education”, with the
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findings that the teaching attitudes of educators have a clearer
understanding of the context of social and technical capacity
in the classroom [27]. However, the direct application of AR
technology requires special training through socialisation or
application instruction. As for empirical evidence on future
research recommendations, integrating AR technology into
education can have a positively impact [28, 29]. Therefore,
AR technology becomes an opportunity for cooperation
between researchers as application prototype developers and
lecturers as teachers, realising and evaluating each
component of AR in meeting learning needs to be more
concrete [30, 31].

Augmented Reality (AR) is a cutting-edge technology that
can show moving 3D models in real time, connecting the
digital and physical worlds [32, 33]. In education,
Augmented Reality technology is used as a means of teaching,
which aims for educators to deliver material that helps
students better understand the material provided. Advances
in technology provide opportunities for students to learn
using mobile AR applications in face-to-face or distance
learning to build a synchronised learning model between
lecturers and students in real-time lectures [34-37]. However,
it found that integrating AR into learning still requires a large
Internet storage capacity, and the resulting visuals cannot
move in 360 “animation [38]. The advantages of integrating
AR development in this study are that the mobile device does
not require the internet, the application size is relatively small
at 70 MB, and the visualisation of learning in 360 °moving
animation [39, 40]. The combination of AR-based learning
can increase the efficiency of learning engineering mechanics,
which initially takes twenty-four hours of face-to-face
learning and can now be learned in four hours more
effectively up to twenty hours of interactive, collaborative,
independent learning [41-43].

Mobile Augmented Reality-based learning media aims to
create an interactive learning experience in 3D objects that
appear in the real world with real-time moving animations. It
is a learning innovation that increases student motivation and
cognitive abilities. Therefore, this research aims to create a
mobile application for Android that uses AR to improve the
quality of learning in engineering mechanics for students in
mechanical engineering vocational education. The following
research questions were answered to achieve the objectives
of this study:
1)How are the development results of mobile augmented

reality for engineering mechanics learning?
2)How are augmented reality’s validity and practicality

results for engineering mechanics learning?

Il. METHODOLOGY

The ASSURE instructional design model is a research and
development model that includes six stages, namely:
“analyse learners,” “state objectives,” “select method,”
“utilise, media, and material”,” required learner
participation”, and “evaluation” [44, 45]. This research
produces mobile learning products based on AR technology,
including teaching materials (e-modules), learning videos,
and animation simulations with back-sound and engineering
mechanics material infographics. The study subjects were
103 Mechanical Engineering Vocational Education
programme students at Universitas Negeri Padang for the

355

2020-2021 academic year.

The research and development stage consists of six stages:
1) Analyse learners: Aims to analyse student needs related to
media and learning outcomes by considering the
characteristics and initial learning competencies. 2) State
objectives: The Independent Campus curriculum used in this
study aims to prepare student resources with the skills needed
in the world of work in technology and information. 3) Select
method: Design the initial appearance of the application with
the design results outlined in the use case diagram adapted to
learning Engineering Mechanics. 4) Utilise media and
materials: Serves to develop mobile AR applications that use
black box testing and validity tests. 5) Required learner
participation:; Involving lecturers as teachers and students
who take part in learning engineering mechanics by
conducting practical tests that encourage the achievement of
learning objectives. 6) Evaluation is the final stage in the
ASSURE research model, which focuses on revision and
student learning outcomes. However, this research focuses on
the fifth stage, which involves lecturers and students using
mobile AR applications in engineering mechanics courses.
The ASSURE development model is demonstrated in Fig. 1
below [44].

@ Analysis of general needs

% and characteristics

Formulating the learning standards t i

and objectives of the "Merdeka Belajar b -g:;w State Objectives
; L
Kampus Merdeka" curriculum g i)

Analyse Learner

Select, Method,

c Media and Material v$/

\n.Design and development of mobile Augmented
> Reality applications technology in
engineering mechanics courses

Media, material, and language (< @ Utilise Media
testing and validity N
4 and Material
Require Learner / 3 Practicality test‘to lecturers
e s S and students in learning
Response w engineering mechanics

4

Evaluate and revise ,:" 0 o O .
from learning outcomes \ u Evaluation

Fig. 1. ASSURE instructional design model.

The research instrument uses a validation questionnaire for
experts, practitioners, and students to collect data about the
developed media, as stated by Nieveen [46]. Instruments on
mobile Augmented Reality applications-based instructional
media questionnaire validated by nine experts, with three
experts assessing aspects of media, material, and language
who are Doctors and Professors with 30—40 years of teaching
and research experience in the Universitas Negeri Padang
[47]. The assessment of each question item pays attention to
the language structure. The accuracy aspect of a valid
measurement can perform its measuring function
appropriately and has high accuracy [48]. The application has
successfully passed the validation test with nine experts,
revision, and evaluation of application prototypes, and the
practicality test is used to determine the ease of use of the
media based on the responses of three practitioners/lecturers
who teach engineering mechanics courses and 103
Mechanical Engineering Education students in 2020-2021 by
random sampling. Data collection using a questionnaire via
Google form with Likert scale-based measurements with
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several positive and negative statements on application
development results. This includes a) needs analysis based on
the essential competencies of the engineering mechanics
curriculum, b) the selection of media formats and application
prototypes that have been developed, c¢) compiling validity
and practicality questionnaires, d) testing the validity of
material experts on aspects of learning design, material
presentation, and quality of learning, e) testing the validity of
media experts on aspects of user interface quality, software
navigation, and interactivity, f) testing the validity of
linguists on aspects of language in the matter, communicative
language, and media guide language, g) three expert
validators provide validation, material experts, media experts,
and linguists with nine expert validators , h) once the media
has been deemed valid, it is revised and evaluated based on
the validators’ comments, suggestions, and recommendations,
and i) the practicality test aims to see the responses of
lecturers and students to the use of mobile AR with a simple
random sampling technique, the data obtained will be
processed using Excel software [49].

The results of the research questionnaire validation
consisted of material experts, media experts, and linguists,
obtained using a Likert scale of 1 to 5. The assessment
evaluates the results of developing Augmented Reality-based
learning media for learning engineering mechanics. The
validity and practicality tests used the following formula:

P = & X 100%
> xi

Information:

P: Percentage of validity and practicality values (%)

Y x: Total overall score of respondents obtained

Y xi: Maximum number of marks in one aspect

The percentage value of validity and practicality is
obtained based on the formula expressed by R. Hakiki [50].
Table 1 presents a classification based on the mobile
augmented reality applications’ validity and practicality
criteria.

Table 1. Scale of validity and practicality criteria

Validity Practicality
Percentage (%) Criteria Percentage (%) Criteria
81-100 Very valid 85-100 Very practical
61-80 Valid 75-84 Practical
41-60 Valid enough 65-74 Pretty Practical
21-40 Invalid 55-64 Less practical
0-20 Very invalid 0-54 Impractical

The next stage in developing mobile Augmented Reality
applications is revision and evaluation based on the
validators’ criticisms, comments, and suggestions. The
practicality test focuses on obtaining responses to ease of use
from lecturers and students who have used the mobile
augmented reality that researchers have successfully
developed.

I1l. RESULTS AND DISCUSSION

A. Analysing Learner

This study generated an AR-based mobile application for
the engineering mechanics course of Mechanical Engineering
Vocational Education students at Universitas Negeri Padang.
The learning method frequently used is the lecture method,
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PowerPoint presentations, and other conventional teaching
materials that make learning less varied and effective. This
learning method is not appropriate, especially since the
learning of engineering mechanics is relatively complex
because the theory presented focuses on the motion of an
object and the effect of force as expressed by participants
during the interview process. An impact is a low motivation
to learn. Students lack an understanding of engineering
mechanics learning both in theory and practice, which causes
learning outcomes to be less than optimal [51].

B. State Objectives

The learning objectives based on the Independent Campus
curriculum for the engineering mechanics course of the
Mechanical Engineering Vocational Education study
program at Universitas Negeri Padang with learning
achievement criteria are as follows: a) understand the basic
concepts of the scope of engineering mechanics and their use
in design, b) understand the basic concepts of moments and
forces and their summation, ¢) understand the basic concepts
of equilibrium in the structure of the machine frame and
distributed loads; and, d) understand the basic concepts of
plasticity and residual strain. After conducting the
observation and literature review, the formulation of learning
objectives is used as a reference to develop AR-based
instructional media in engineering mechanics learning that
have been set based on a thorough examination of students’
requirements.

C. Select, Method, Media, and Material

The developed instructional media is called Engineering
Mechanics-AR, and its features in this application include
examples such as e-modules, educational video lessons, 3D
object animations accompanied by a background sound, and
a description panel of marked objects that provide details
about engineering mechanics learning. The primary and
supporting software used in designing Engineering
Mechanics-AR applications is a) Blender, which is software
for building 3D objects with animation simulations that loop
time; b) Vuforia Engine SDK, which functions to build
augmented reality developed by Qualcomm with computer
vision as marker-based tracking that realises 3D objects; c)
Android Studio, which is an IDE development environment
for building mobile learning applications that have efficient
functionality and provide an easy-to-use user interface on
Android devices; d) Unity 3D, which integrates 3D objects as
an Android platform in creating mobile augmented reality
visualisations by combining all the design results from the
blender software, Vuforia engine SDK, and android studio
with engine systems that use the C# programming language,
Javascript, and boot scripts built in APK format and on
Android mobile application devices.

The initial design stage of the developed mobile
augmented reality application is displayed on the Usecase
Diagram with the target user using an Android device to run
the application. There are several steps in the development of
the Engineering Mechanics-AR application, namely a)
design the blueprint display layout, b) build the user interface
in Unity and 3D objects in the blender, ¢) combine all assets
that have been designed in Unity 3D application based on the
needs analysis, d) build the application in the form of a
prototype that can be run on mobile learning, and €) run the
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prototype that can be run on mobile learning, and €) run the
application and activate the rear camera of the smartphone
directed at the marker by creating 3D objects according to the
layout that has been successfully designed. Fig. 2 shows the
steps for using the Engineering Mechanics-AR application,
which a lecturer and student user can run via an Android
device. Starting from installing the application and
registering a user account, after connecting, the user will
enter the main menu, which can be used as needed; in
particular, users have to demonstrate 3D object animation on
engineering mechanics learning materials that have features
such as e-modules, learning videos, practice questions, and
discussion forums between lecturers and students that can be
carried out remotely.

Lecturer Student

Fig. 2. Use case diagram of engineering mechanics-AR.

Fig. 2 presents a mobile augmented reality application
design that is stand-alone, self-contained, self-instructional,
and user-friendly. In detecting the marker at the coordinate
point, the system must define the marker in realising the 3D
object in real-time and adjust to the user’s needs.

D. Utilising Media and Material

Answer for RQ1: The impact of the application of the
results of the development of mobile augmented reality
learning engineering mechanics.

Augmented reality technology helps people understand
abstract concepts by visualising them, making it easier to
imagine a model of an object. Learning applications that use
AR, especially in self-paced learning, tend to attract students
by offering a learning experience demonstrated by animated
simulations of 3D objects that explain the visualised material
in more detail. The following technology and learning media
are seen as a means to encourage students to interact more
actively and participate in the learning process.

Fig. 3 shows the user interface in the application, which is
designed in such a way with navigation, namely: a) The main
menu serves as the main page of the application after passing
through the splash screen, b) the Video settings function in
adjusting the resolution and aspect ratio of the learning video
display in applications with sizes 720p (HD): 1280720,
480p (SD): 854>480, c) Audio settings set the high and low
volume of the music and back sound of the application with a
scale of 0-100, d) Developer Profile Display about the app
developer, and e) Instructions for use so that the user knows
how to install and uninstall the application step by step.
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d) Developer Profile e) Instructions for Use

Fig. 3. The main menu of the Engineering Mechanics-AR application.

The presentation of information in Fig. 4 on the Additional
Menu in the Engineering Mechanics-AR application assists
students in developing their cognitive skills while studying
the engineering mechanics course. It is intended to foster
21st-century skills in the next generation of students by
encouraging critical thinking, creativity, and innovation. a)
The main menu serves as the primary navigation centre that
provides access to various features, functions, and parts of the
application that have been developed; b) the video menu is
presented to improve students’ initial understanding of
learning engineering mechanics presented in the form of
animated videos with four materials, c) the e-module menu is
designed in PDF form which includes material, namely: scalar
and vector, the moment of force, magnitude and summation,
Varignon’s theorem, and fundamental principles, d) Marker
menu functioned as a marker to realise 3D objects from
Augmented Reality using the rear camera of the user’s mobile
application, and €) Quiz menu is used to evaluate the extent to
which students understand the learning of engineering
mechanics so that lecturers can provide consumption of
learning materials based on student needs.

T w

@

ayAdditionak-Menu
=

b) Video Menu

L@" 7

'd) Marker Menu ©) Quiz Menu

Fig. 4. Additional menu display.

Fig. 5 shows the results of the marker menu development as
an activation to realise 3D objects marked in the Unity
application scanned by the user’s mobile application camera.
Five markers were made in integrating 3D AR objects: a)
marker of the moment of force, b) marker of the force of
motion, c) vector marker, d) marker of the equilibrium of a
rigid body, and e) marker of the truss structure.

Based on the Independent Campus curriculum, the
illustration in Fig. 6 represents a 3D object, the main subject
of this research, namely mobile AR in learning engineering
mechanics. This link shows a successfully developed
application: https://bit.ly/EngineeringMechanics-AR. The
3D objects displayed can move interactively, if the user
points the Android device camera at the marker, the
visualisation of the engineering mechanics learning
animation appears. The potential and benefits of this media
can enhance the learning experience by helping students
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understand abstract concepts more visually in the real world
through 3D visualisation. The results of AR research in
building 3D objects consist of five AR objects displayed in
Fig. 6, namely: a) AR forces of motion, b) AR moments of
force, c) AR vectors, d) AR equilibrium of rigid bodies, and €)
AR skeletal structures, as well as animation simulations with
back sound and caption panels.

Momen Gaya

Vektor

. — .
" grewe * am n
@ Kesetimbangan @ Struktur Rangka

w=4——-  Benda Tegar e Batang

Engineering Mechanics-AR

b) Augmented Reality
Moment of Force

c) Augmented Reality
Vector

d) Rigid Equilibrium Augmented Reality = e) Augmented Reality Rod Frame Structure
Fig. 6. 3D object visualisation mobile augmented reality.

Fig. 7 shows a quiz menu to measure how well students
understand engineering mechanics learning after using all the
features in the application, such as learning videos,
e-modules, and 3D Object Augmented Reality. The
presentation of Fig. 7 displays features consisting of a) a quiz
menu with 5-10 objective questions and an automatic scoring
system, b) a quiz display if the correct answer will appear as a
correct notification, c) a quiz display if the wrong answer will
appear as a wrong notification, d) a user display that has
completed the entire quiz given, and finally, and €) an
assessment system with a bayesian network approach that
automatically detects the cognitive level of students. The
system is currently in the stage of further development.

b) Display of Correct
Quiz Answers

c) Display of Incorrect
Quiz Answers

d) Completed Quiz Question Display e) User Cognitive Level Results Display

Fig 7. Quiz menu display and cognitive level analysis results.
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E. Results of Validation, Revision, and Practicality Tests

Answer for RQ2: results of the validity and practicality
of augmented reality in learning engineering mechanics?

The validation test results for a mobile application based
on AR were assessed using focus group discussions and
questionnaires distributed via Google Forms. Nine experts,
including three from each field, validated the results by
evaluating them in terms of media, material, and language.
The generated application was evaluated, and the following
are the findings:

Table 2 presents the average for the learning design aspect
as 91.67%, the material aspect as 91.11%, and the quality of
the learning aspect as 82.67%. The assessment results from
all aspects obtained an overall average of 88.48% with the
category “very valid.” Comments and suggestions provided
by the validator are material in the application to discuss the
effectiveness of engineering mechanics in more detail.

Table 2. Expert validation results for the material
Aspect Assessment V1 V2 V3 Avg. (%) Criteria

Learning Design 87.50 90.00 97.50 91.67 very valid
Material Presentation 90.00 93.33 90.00 91.11 very valid
Quality of Learning 88.00 80.00 80.00 82.67 very valid

Overall Average 88.48  very valid

Media expert validation assesses and evaluates the
development of applications on augmented reality content.
The evaluation results of the developed media aspects shown
in Table 3 indicate that the average value of the user interface
quality aspect is 88.89%, the average value of the navigation
software aspect is 90.56%, and the average interactive and
communicative aspect is 88.33%. The assessment results of
all aspects obtained an overall average of 89.26% with the
category “very valid”. The validator’s Comments and
suggestions are that the application writing should use bright
colours and have a storage capacity below 100 MB.

Table 3. Expert validation results for the media
Aspect Assessment Vi V2 V3 Avg.(%) Criteria

User Interface Quality 93.33 86.67 86.67 88.89 veryvalid
Software Navigation 93.33 91.67 86.67 90.56 very valid
Interactive and 8500 9500 8500 88.33 very valid
Communicative

Overall Average 89.26 very valid

In determining the accuracy of English and Indonesian
grammar in the application, the results of linguist validation
evaluate spelling, grammar, and vocabulary. The results of
linguist validation are shown in Table 4, the language
validation results for the three assessment aspects. The
average for the user language in this matter is 84.44%, the
communicative aspect of language is 84.45%, and the media
guide language aspect is 93.33%. The assessment results for
all aspects obtained an overall average of 87.41%, a very
valid category. Some grammar and spelling mistakes must be
revised based on the validators’ comments and suggestions.

Table 4. Expert validation results for the language
Aspect Assessment V1 V2 V3 Avg.(%) Criteria
Language in Matter 7333 9333 86.67 84.44 veryvalid
Communicative Language 80.00 86.67 86.67 84.45 very valid
Media Guide Language 90.00 90.00 100.00 93.33 very valid
Overall Average 87.41 very valid
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Mobile Augmented Reality application that has
successfully gone through the validation test process of
material, media, and language aspects and has been revised
based on comments and suggestions from validators.
Furthermore, it will be evaluated based on the ease of use of
the media used by lecturers as teachers and students who take
part in learning engineering mechanics. The practicality test
from the responses of lecturers and students was assessed
based on the following aspects: visual media display, learning
presentation, ease of media use, and learning benefits are
presented in Table 5.

Table 5. Practicality test results of engineering mechanics-AR application
Lecturer Response Students Response

Aspect Assessment Avg.(%) Criteria Avg.(%) Criteria
Visual Media Display 94.45  Very practical 80.16  Practical
Preser?tatlon of the 86.67  Very practical 80.92  Practical
Learning
Ease of Media Use 84.33 Practical 83.30 Practical
Learning Benefits 93.33  Very practical 82.14  Practical
Overall Average 89.70  Very practical 81.63  Practical

Based on the results of the practicality test, the average
overall assessment of lecturers’ responses was 89.70% (very
practical), and the average assessment of students’ responses
was 81.63% (practical). Thus, the findings show that mobile
AR applications are practicable for face-to-face and distance
learning, making this media a solution and an alternative to
21st-century learning.

Research on the development of mobile Augmented
Reality as an emerging technology does not entirely rule out
the possibility of the learning process offline and online,
which refers to the Independent Campus curriculum with the
competencies and skills to be achieved based on the semester
learning plan. An android application that is stand-alone,
self-contained, self-instructional, adaptive, and user-friendly
facilitates an interactive, creative, and innovative learning
process. This application creates a 360-degree reality
experience that allows students to participate in learning
actively. Consequently, the increase in student interest and
motivation to learn indicates the success of the lecture
process during one semester.

F. Discussion

Findings of previous research [52, 53] on learning media
for engineering mechanics courses developed the e-module
media stage and learning videos. A research paper submitted
by [54] explained freeform classroom-based engineering
mechanics learning tools that emphasise open interactive
discussion models with actual events. According to a
research paper [55], engineering mechanics instructional
media aims to train digital literacy skills using an e-book
development model as an alternative means in the COVID-19
pandemic. Based on several similar research references in
developing engineering mechanics learning media,
researchers conducted development research on mobile AR
applications using devices with novelty in publications that
have not been widely discovered and developed. Therefore,
this is a new opportunity and solution for researchers in
advancing AR technology as an interactive media in the
engineering mechanics course of the Department of
Mechanical Engineering [56, 57].

The integration of Augmented Reality is demonstrated in a
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video simulation, accessed at the following link:
bit.ly/ApplicationSimulationVideos. 3D object animation is
displayed in real-time without an internet connection when
the user runs an application that directs the camera at
marker-based tracking. The results show 3D objects on the
material, motion force, moment of force, vector, rigid body
equilibrium, and machine rod frame structure, as well as
animation simulations with back sound and description
panels to create a model for learning 21st-century skills.
Another advantage provided by mobile AR applications is
that they save the budget from the use of consumables in
face-to-face learning with the development produced in the
form of applications making it easy for users to access
learning independently; this is a progress for universities as
educational institutions following the technological trends in
21st-century education [58].

IV. CONCLUSION

This research results in an augmented reality mobile
application with novelty in publications that have not been
widely developed by presenting practical simulations and 3D
object interactions in engineering mechanics learning. The
results of this learning media development are the main
features of AR in the form of 3D object visualisation and the
supporting features of educational videos and e-modules that
encourage independent learning motivation. The research
team successfully developed a mobile AR application
validated by material, media, and language experts with
validity values of 88.48%, 89.26%, and 87.41%, respectively,
with very valid categories. The level of practicality obtained
from the lecturer’s response was 87.70% for the very
practical category and 81.63% for the student’s response for
the practical category. Therefore, the following conclusion
was obtained in answering the research objectives: with the
results of developing stable, responsive applications that
perform well on user mobile devices, validity and practicality
tests are declared valid and practical and suitable for learning
engineering mechanics.

The presence of AR-based learning media is an
opportunity for the nation’s next generation to become agents
of change to improve the level of education and teaching
based on renewable technology in Indonesia. However, this
research is limited to the validity and practicality of test
stages for lecturers and students, and further research is
targeted to apply the application to the effectiveness of the
test and evaluate the learning of engineering mechanics as a
whole. This research has implications for increasing student
interest and motivation in applying digital technology in
educational aspects by the demands of the Independent
Campus curriculum, which is flexible, practical, interactive,
and follows the competency needs of 21st-century skills.
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