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ABSTRACT

This study aimed to develop an interactive mobile application based on augmented reality
(IMoART), which could contribute to reshaping the learning paradigm in computer hardware
courses. The IMoART application employs a marker-based tracking method. Accessible on
smartphones, it integrates into the learning process, is attractive to students, and fosters
engagement as users can visualize hardware through 3D objects. The application serves as an
alternative and supplementary learning tool to make the educational experience more enjoy-
able while potentially reducing school expenditures. The results of the development process,
which involved using the 4D model (define, design, develop, and disseminate), showed that
the IMOART application is effective, with notable feasibility scores of 3.68 for the media aspect
and 3.81 for the material aspect, as evaluated by media and subject matter experts. User
responses from teachers and students further support the positive outcomes of the IMoART
application, achieving a robust practicality score of 84.68%. Noteworthy aspects such as ease
of navigation, clarity, aesthetic features, and instructional quality demonstrate high practi-
cality. This study contributes significantly to the literature by presenting an evaluated model
that offers an enjoyable and efficient learning experience using 3D objects, videos, images,
simulations, and interactive animations in the context of computer hardware learning.
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1  INTRODUCTION

In recent years, various fields have increasingly embraced information and
communication technology (ICT), which has significantly aided and simplified daily
activities [1-3]. ICT has sparked numerous innovations, particularly in education.
These innovations include the development of interactive learning environments,
the utilization of digital learning objects, and the adoption of applications such as
Learning Management Systems (LMS). LMS serve as digital platforms that manage
and deliver course materials, facilitate online discussions, and assess student prog-
ress [4]. They enable students to access learning materials anytime and anywhere,
thereby promoting a more personalized and self-directed learning experience.

Technology can complement and integrate with education [5]. In a complemen-
tary context, it can support traditional teaching methods [6-9], such as using mul-
timedia presentations to aid classroom learning [10]. Conversely, institutions can
integrate technology by adopting an online learning platform, enabling learners to
access all learning materials, assignments, and assessments [11-13].

Virtual reality (VR) and augmented reality (AR) are increasingly important edu-
cational technologies. VR can provide immersive learning experiences, allowing
students to explore virtual environments and better understand complex concepts
[14-15]. Similarly, AR can enhance learning by integrating digital elements into real-
world situations, such as displaying additional information from a textbook through
a smartphone camera [16], [17].

The use of digital learning objects is essential to these innovations. Digital objects
such as interactive videos, simulations, gamification, and animations are employed
to present learning materials [18]. For instance, computer simulations permit users
to visualize complex scientific concepts that may be difficult to access directly [19],
[20]. VR and augmented reality (AR) have significantly reshaped the educational
landscape by enriching the learning experience and paving the way for more inter-
active and engaging teaching methods within the educational environment.

These innovations represent recent advancements in ICT that have positively
impacted students’ learning experiences and augmented teaching and learning pro-
cesses [21]. However, the utilization of computer hardware in schools often faces
several challenges, including physical hardware limitations in computer labs that
can lead to students sharing devices and reducing adequate time for exploring and
understanding concepts. To address this challenge, AR presents itself as a promising
alternative [22]. AR technology allows students to directly access 3D visualizations of
computer hardware through their smart devices, eliminating the need for physical
hardware in the laboratory [23], [24]. This provides opportunities for independent
and flexible learning [25], [26].

Augmented reality plays a crucial role in computer hardware learning by miti-
gating the physical constraints of computer labs. It enables students to comprehend
computer hardware concepts more effectively, free from the limitations of physical
hardware. Moreover, AR offers a more interactive and engaging learning experi-
ence, aligning well with the characteristics of Generation Z, who are known for their
responsiveness to digital technology and visual experiences [27].

The rapid advancement of mobile technology, particularly among Generation Z,
underscores the increasing relevance of AR. Sources [38], [40], [41] indicate that
most students today have easy access to their smart devices. AR leverages the sophis-
tication of these devices to create dynamic and easily accessible learning experi-
ences. Consequently, the integration of AR into computer-based learning not only
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addresses physical constraints but also aligns with the technological developments’
integral to the lifestyle of Generation Z [28].

Augmented reality not only enhances student engagement through interactive
learning experiences but also improves conceptual understanding and provides a
more effective learning environment. Furthermore, AR addresses the challenges of
physical access and time constraints by allowing students to access learning materi-
als anytime and anywhere, thus reducing dependency on specific physical facilities.
This accessibility is particularly important for improving access to computer hard-
ware learning, especially in environments with limited resources. By integrating
AR into computer hardware learning, schools can create more efficient, engaging,
and responsive learning experiences tailored to students’ needs. This technology
reportedly holds great potential for stimulating students’ interest in technology and
enhancing their understanding of computer hardware fundamentals [29-31].

This study aimed to develop an AR application to enhance the effectiveness of
computer hardware learning in school environments. We designed the application
using a systematic and measurable 4D model, which encompasses the stages of
definition, design, development, and distribution. The research objectives extend
beyond technology development; they also include evaluating the feasibility of the
application and detailing the responses from educators and students regarding the
use of AR as a learning support tool in schools.

In this study, we recruited experts who specialize in their respective fields.
The media experts are university lecturers with a background in computer engineer-
ing education and experience in developing educational media content. The material
experts have a background in computer hardware learning and have contributed to
this field for seven years. We administered response questionnaires to teachers and
students to gather their perspectives on the use of the interactive mobile application
based on augmented reality (IMoART). The research questions (RQs) for this study
are formulated as follows:

RQ1. How can the stages of definition, design, development, and distribution in
the 4D model approach be effectively applied in developing an IMoART appli-
cation to support learning about computer hardware in schools?

RQ2. To what extent is the feasibility of the IMoART application for computer
hardware learning measured based on the assessment of media and mate-
rial experts?

RQ3. What is the teacher’s response to using the IMoART application in schools as
a learning support tool when introducing computer hardware?

RQ4. How do students respond to using the IMoART application as a learning tool
in schools for computer hardware introduction?

2  METHODOLOGY
2.1 Research design

The methodology employed in this study utilized a research and development
(R&D) approach, using the 4D framework consisting of four essential stages: define,
design, develop, and disseminate [8]. The adoption of the 4D model facilitated a
systematic and iterative progression throughout the development process, incorpo-
rating continuous refinement based on testing and feedback. It was expected that
this approach would have a significant impact on the development and practical
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implementation of the application. Figure 1 presents a visual representation of the
procedural phases.

© perne
© pEesicN

© DpEVELOPMENT

4D 1

© pissEMINATE

Fig. 1. Development procedure using 4D model

Define. During the definition phase, two main tasks were performed: the obser-
vation process and the examination of the characteristics of the study population.
The observation activity was aimed primarily at accurately understanding the cur-
rent situation. Analyzing demographic characteristics was essential to determining
the research sample to be included in the study. These activities are instrumental in
providing clear direction and establishing study parameters, enabling the research
to remain focused and relevant to our objectives. By conducting thorough observa-
tions and analyzing intrinsic population characteristics, a well-informed methodol-
ogy that aligns with the intended goals and a robust analysis of the data could be
conducted.

Design. During the design process, we crafted the initial blueprint for the appli-
cation, carefully considering student needs, teacher competencies, subject char-
acteristics, and available infrastructure support. We then proceeded to gather the
necessary materials for application development, including learning resources, sup-
porting media, sound elements, and evaluation questions.

The design phase also involved a thorough examination of student requirements
to ensure that the chosen media formats would enhance the learning experience.
Equally important was the assessment of teachers’ competencies to ensure that the
application design effectively complemented their instructional roles. In addition,
we considered the available infrastructure support, including factors such as tech-
nological capabilities, hardware availability, and other relevant considerations that
could impact implementation.

By adhering to the principles of the 4D method, the design stage laid a robust
foundation for the development of a pertinent and practical application tailored to
the specific learning context.

Development. During the development phase, we undertook a series of steps.
Firstly, implemented the IMoART application using the previously established frame-
work. Subsequently, we tested the application with a selected cohort of students.
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The study aimed to gather data and feedback regarding the effectiveness of the
IMOoART application in improving students’ understanding of computer hardware
concepts as presented in the instructional material.

The data and feedback collected were utilized to evaluate the developed IMoOART
application and identify areas for potential enhancement in subsequent stages. The
development phase yielded the finalized IMoART application. It was anticipated
that this application would hold the potential to elevate students’ educational per-
formance in computer hardware introduction. Therefore, the development phase
played a pivotal role in devising effective educational solutions to meet students’
requirements.

Disseminate. During the dissemination phase, the research findings were com-
municated to the pertinent stakeholders, including educators, administrators, and
professionals in the field of information technology education. The data collection
process involved distributing questionnaires to a selected cohort of students to
evaluate the practicality of the research findings. Subsequently, the collected data
underwent descriptive analysis to glean significant insights.

2.2 Population and sample

A sample of 88 students was recruited from the population of 251 students at
Harapan Ananda Junior High School in Kubu Raya Regency, Indonesia, employ-
ing a random sampling technique. The sample size was determined based on the
Slovin formula, a method utilized to calculate the sample size in research, which
accounts for large population size to ensure adequate representation. The sample
size in this study was deemed sufficient to attain the desired confidence level using
the Slovin formula.

2.3 Data collection instruments

The validation process comprised two stages involving media and material
experts to assess the validity of the IMoART application. Pre-validated and reliable
instruments were utilized, including a media expert validation sheet to evaluate
the appropriateness of media usage and a material expert validation sheet to assess
the content and relevance of the presented material (see Figure 2). Following the
validation of the product, user responses to the IMoART application were gathered
using a Likert-scale response questionnaire. The questionnaire aimed to gather
information on users’ perceptions of the practicality of the IMoART application in
supporting the comprehension of computer hardware concepts. Prior to utilization,
experts validated these instruments, assessing their validity and practicality using
the Likert scale [32].

Pilot Test Implement

Fig. 2. The flow of the instrument development and implementation process

Validity

Reliability
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Table 1. Validation sheet for the IMOART application (media expert)

Aspect Indicator

Presentation Technique Presentation System: Clarity, Responsiveness, Speed, Stability.

Order of Presentation: Logic, Element Connectivity.

Presentation Feasibility Content Quality: Accuracy, Precision, Relevance.

Resource Availability: Visual Support, Audio, Interactivity.

Ease of Access: Accessihility, Device Compatibility.

Ease of Maintenance: Updates, Technical Support.

Visual Feasibility Visual Quality: Sharpness, Clarity, Color Consistency.

Design Consistency: Stylistic Consistency, Suitability for Users.

Graphic Relevance: Meaningfulness, Usage for Enhanced
Understanding.

Graphic Accessibility: Ease of Access, Suitability for User Needs.

Table 2. Validation sheet for IMoART application (material expert)

Aspect Indicator

Description Feasibility Completeness of Literacy: Element, Information.

Breadth of Literacy: Cover, Scope, Topic.

Depth of Literacy: Depth of Information.

Accuracy and Correctness Appropriateness of Learning Outcomes: Relevance, Goals,
Objectives.

Image and Object Accuracy: Precision, Correctness.

Correctness of Literacy Material: Accuracy, Details.

Learning Support Materials Technology Development: Compatibility.

Latest Features: Functionalities, up-to-date.

Linkage Between Concepts: Coherence, Connection.

Literacy Enrichment: Literacy skills.

The media validation sheet and the material validation sheet are structured
based on various aspects and indicators (see Table 1 and Table 2 for details). Table 3
categorizes the media validation based on the average score obtained, offering a
comprehensive assessment of media performance.

Table 3. Media validation categories

Score Average Category Decision

451 <x>5.00 Very Good Very Worthy
3.51 <x>450 Good Worthy

251 <x>3.50 Average Decent with repair
1.51<x>2.50 Poor Unworthy
1.00 <x>1.50 Very Poor Very Unworthy

To gather information on the practicality of the IMoART application, we admin-
istered a response questionnaire to students. It solicited feedback and opinions
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from students regarding the practicality of the IMoART application (see Table 4).
Additionally, the criteria for evaluating the subject matter, as provided by experts,
encompassed considerations for areas for improvement and suggestions to enhance
the overall quality of the application.

Table 4. Practicality questionnaires indicators

Aspect Indicator

Ease of Use Navigation | The availability of clear and easy-to-understand menus or navigation.

The ability of users to easily move between different pages or sections.

Consistency in the layout and design of the navigation throughout the site
or application.

Intuitive use of icons or labels to identify important functions.

Speed in responding to user actions, such as clicking or swiping.

Clarity Easy understanding of the information presented, including text, images,
and multimedia.

Use of a language that is easy to understand and relevant to the target audience.

The structure is well organized to avoid confusion and facilitate information
retrieval.

Alack of unnecessary distractions, such as annoying ads or unwanted pop-ups.

Adherence to Web accessibility principles to ensure accessibility for all users,
including those with disabilities.

Aesthetic A visually appealing and aesthetically pleasing design.

Harmony of design elements, such as color, typography, and layout.

Use of images, graphics, or multimedia that enrich the visual experience.

An overall look that is attractive and reflects the desired brand or purpose.

Cleanliness and clarity of design that facilitates understanding of information.

Instructional Quality | Suitability of instructional material with the stated learning objectives.

The logical and related organization of the material.

Effective use of learning methods, such as illustrations, examples, or exercises.

Use of appropriate language and communication for the target audience.

Effective evaluation and feedback to aid understanding and learning progress.

Table 5 outlines the categories to determine the practicality of the IMoART appli-
cation based on the percentage of achievement rate.

Table 5. Media practicality categories

No. Achievement Rate (%) Category
1 85-100 Very Practical
2 75-84 Practical
3 60-74 Practical enough
4 55-59 Less Practical
5 0-54 Not Practical
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3  RESULT AND DISCUSSION

This section explores the design results of the IMoART, including its key features,
such as the AR menu, learning materials, instructional videos, and practice questions.

3.1 Design results

The design and development of the IMoART application involved four essen-
tial components: (1) an AR menu, (2) learning materials, (3) instructional videos,
and (4) practice questions. We translated the analysis into a responsive interface
design aimed at enhancing user engagement, combining aesthetic appeal with
user-friendliness. The design process ensued from a comprehensive analysis of the
application’s requisites, ensuring alignment with user needs.

Upon launching the application, users were greeted with an engaging splash
screen featuring the school logo and application name. Subsequently, users accessed
the main menu, comprising buttons for (1) AR, (2) materials, (3) learning videos, (4)
practice questions, and (5) exit. Figure 3 illustrates the main menu of the IMoART
application.

AUGMENTED REALITY
MOBILE APPLICATIONS

HARAPAN ANANDA
UNIOR HIGH SCHOOL

unity
INTRODUCTION To

COMMITER HAROWARE

Fig. 3. The main menu of an IMOART

When students clicked on the AR button, they were taken to the marker scanning
page where they could view 3D representations of computer hardware introduction
materials. Users could interactively rotate the 3D objects 360° to explore every angle,
and this was accompanied by detailed explanations. Figure 4 illustrates the AR interface.

Fig. 4. AR feature interface of the IMoART application

The material menu provided students with informative text on hardware intro-
duction, input devices, process devices, output devices, and storage devices. The con-
tent is aligned with the essential competencies and learning objectives required for
junior high school students in the Indonesian context. Figure 5 depicts the display of
the material menu.
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Fig. 5. Material menu display of the IMoART application

The students were introduced to computer hardware concepts and additional
material covering computer assembly. The videos presented were carefully sourced
from YouTube to align with the content of the IMoART application. Figure 6 displays
the video menu.

Fig. 6. Video menu of the IMoART application

The practice questions menu (see Figure 7) allowed students to evaluate their
comprehension of hardware concepts presented in the IMoART application.
Ten multiple-choice questions were posed to enhance the user experience, integrat-
ing theoretical knowledge with practical assessments, thereby reinforcing students’
understanding of computer hardware.

LATIHAN SOAL

Fig. 7. Practice questions of the IMoART application
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3.2 Research results

Expert validation results. The validation results provided by experts are cate-
gorized into two main aspects: media and material, as elaborated in the preceding
section. Three experts specializing in mobile application media conducted the eval-
uation of the media validation results, while three specialists in computer hardware
learning material assessed the material validation results. Table 6 and Figure 8 pres-
ent the detailed results of the media validation by media experts.

The expert media validation results demonstrate an average score of 3.68, posi-
tioning it within the ‘Good’ category. This suggests that the presentation technique,
presentation feasibility, and visual feasibility received favorable ratings from media
experts. Consequently, the final decision is considered ‘Valid or Worthy.’

Table 6. Media expert validation results

Aspect Validator Score Category
Presentation Technique Media Expert 1 361 Good
Media Expert 2 3.50 Good
Media Expert 3 3.63 Good
Presentation Feasibility Media Expert 1 431 Good
Media Expert 2 3.69 Good
Media Expert 3 3.64 Good
Visual Feasibility Media Expert 1 3.77 Good
Media Expert 2 353 Good
Media Expert 3 348 Good
Average Media Validation 3.68 Good
Decision Worthy
5.00
4.50
4.00
o 3.50
S 3.0
9250 |
2.00 i ‘
100 P tati P tati
resentation resentation . s
Technique Feasibility Wistal ECaRIONliey

M Average 3.58 3.88 3.59

Fig. 8. Media expert validation results (average)

Table 7 and Figure 9 present the validation results provided by material experts,
outlining assessments of three primary aspects: description feasibility, accuracy and
truthfulness of the material, and learning support material. The material experts
consistently awarded high scores for each aspect, culminating in an average material
validation score of 3.81. This evaluation aligns with the ‘Good’ category, signifying
favorable appraisals from material experts. Consequently, the final decision is con-
sidered ‘Valid or Worthy.’
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Table 7. Material expert validation results

Aspect Validator Score Category
Description Feasibility Material Expert 1 3.77 Good
Material Expert 2 3.67 Good
Material Expert 3 3.84 Good
Accuracy and Correctness Material Expert 1 4.01 Good
ol Material Expert 2 3.78 Good
Material Expert 3 3.79 Good
Learning Support Materials Material Expert 1 3.84 Good
Material Expert 2 3.80 Good
Material Expert 3 3.75 Good
Average Material Validation 3.81 Good
Decision Worthy
5.00
4.50
4.00
o 350
S 3.00
v 250
2.00
1.50
1.00 m g
o ccuracy an :
l)FescrltE{':!on Correctness of the Lear:/:ntg S.ulpport
easibility Material aterials
B Average 3.78 3.86 3.80

Fig. 9. Material expert validation results (average)

Based on these results, it can be concluded that the IMoART application success-
fully passed the validation stage of both media and material experts. This reinforces
its credibility as a robust learning application and suggests that it is worthy of being
utilized in computer hardware learning.

Practicality results. The practicality of the IMoART application was evaluated
through assessments from teachers and students using a response questionnaire.
The questionnaire was distributed after they had experienced using the IMoART
application in the learning process. The results obtained from the response ques-
tionnaire are shown in Figure 10.

Instructional Quality GG 84.62
Aesthetic I 87.75
Clarity 82.85

Ease of Use Navigation NN 83.5

Ease of Use . . Instructional
Navigation Clarity Aesthetic Quality
Percentage 83.50 82.85 87.75 84.62

Average: 84,68%, with the category Practical

Fig. 10. Practicality results by aspect
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The questionnaire responses provided valuable insight into the perceptions of
both teachers and students regarding the application’s usefulness and ease of use.
The trial results revealed an average satisfaction rating of 84.68% under the cri-
terion of ‘Practical” However, to gain a deeper understanding of the application’s
effectiveness and its alignment with users’ needs and expectations in the context of
learning, additional analysis was conducted.

Further analysis of the data involved examining specific feedback from par-
ticipants and categorizing responses based on themes such as user experience,
interface design, functionality, and educational impact. This qualitative anal-
ysis allowed for a nuanced understanding of the strengths and weaknesses
of the application, highlighting areas for improvement and potential future
enhancements.

Additionally, statistical analysis techniques such as correlation analysis and
regression analysis were employed to identify any relationships between differ-
ent variables, such as user demographics and satisfaction levels. This quantitative
approach provided empirical evidence to support the qualitative findings and
helped validate the overall conclusions drawn from the study.

By combining qualitative insights with quantitative data analysis, the research
was able to provide a comprehensive evaluation of the application’s performance
and its suitability for use in educational settings. This thorough examination laid
the groundwork for informed decision-making and potential adjustments to opti-
mize the application for enhanced learning outcomes.

3.3 Discussion

This study reports on the significant potential of the IMoART application,
developed for ICT subjects, as highlighted by material and media experts. The
application effectively enhanced junior high school students’ recognition and
understanding of computer hardware. By incorporating 3D objects, videos,
images, simulations, and interactive animations, the IMoART application offers
students an engaging and efficient learning experience. It enables students to
learn without spatial and temporal constraints, fostering creativity and indepen-
dent learning.

These findings are in line with previous research that has used AR technology
for educational purposes [33], [34]. However, earlier studies mainly focused on
cognitive understanding, whereas this study focuses on both cognitive and engi-
neering components. Specifically, it introduces high school juniors to computer
hardware assembly and the psychomotor aspects of using computer hardware. It is
possible that this application may also have an impact on students’ emotions as they
develop autonomy and self-regulatory learning habits.

The study aims to support educators and instructional designers in crafting more
engaging and effective learning experiences. Integrating IMoART applications with
artificial intelligence (AI) technology holds promise for enhancing education by
improving learning accessibility, efficiency, and effectiveness, thus expanding learn-
ing opportunities for students globally. However, it is imperative to address privacy
and ethical concerns when implementing this technology in education, as empha-
sized in references [35-39].
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4  CONCLUSIONS

Several conclusions emerge from the findings of this study, addressing the
research questions:

1. The IMoART application has been successfully designed, incorporating features
such as an augmented reality menu, learning materials, instructional videos, and
practice questions. Its responsive design ensures an attractive display and a user-
friendly experience.

2. Thevalidationresults from media and subject matter experts indicate that IMOART
received a ‘Good’ rating in categories such as presentation technique, presenta-
tion feasibility, visual feasibility, description feasibility, accuracy, truthfulness of
the material, and learning support material. Therefore, it can be considered a
valid or worthy application for learning tools.

3. The practicality evaluation was carried out using response questionnaires from
teachers and students. IMOART has been shown to be effective in presenting
material, aesthetically pleasing in terms of display, and robust in its ability to
offer instructional quality according to the needs of the user, with an average
percentage of 84.68% and the ‘practical’ criteria.

In conclusion, the IMoART application exhibits significant potential as an effec-
tive learning tool for computer hardware education. These findings offer valuable
insights for refining technology-based learning applications, thereby enhancing stu-
dents’ overall learning experiences and comprehension.

Moving forward, there are promising opportunities for further development of
IMoART. However, challenges such as infrastructure limitations and the need for
teacher training to ensure the sustainability and success of implementing the appli-
cation need to be addressed.

Fellow researchers are encouraged to focus on advancing the development of
IMOoART, adapting it for diverse educational contexts, and conducting comprehen-
sive evaluations of its impact on student learning outcomes. By addressing these
aspects collectively, we can contribute to the continuous improvement and effective-
ness of technology-enhanced learning applications.

5  LIMITATIONS AND FUTURE WORK

It is important to acknowledge the limitations of this study. The sample size,
while significant, is limited to a single educational institution and may restrict the
broader applicability of the findings. Additionally, the use of IMOART may encounter
constraints depending on specific contextual factors, such as learner aptitude,
necessitating careful consideration when extrapolating results. External variables,
such as cultural differences or educator efficacy, could impact the variability in
research outcomes.

To assess the effectiveness of IMoART in diverse educational contexts, it is essential
to explore its potential expansion into various subjects. A longitudinal analysis could
provide lasting insights into the impact of IMoART on students’ behavior and cog-
nitive understanding. Investigating the integration of IMoART into formal curricula
is essential for understanding its contributions to achieving educational objectives.

International Journal of Interactive Mobile Technologies (iJIM) iJIM [ Vol. 18 No. 13 (2024)


https://online-journals.org/index.php/i-jim

iJIM | Vol. 18 No. 13 (2024)

What Does an IMoART Application Look Like? IMoART—AR Interactive Mobile Augmented Reality Application

Moreover, future research could expand the scope to examine the relationship
between IMoART and students’ cognitive and emotional aspects, including moti-
vational dynamics and heightened interest in the learning process. The examina-
tion of inclusivity dimensions, with a specific focus on how IMoART can contribute
to inclusive learning environments, particularly for students with distinct needs,
should be conducted carefully. Future research endeavors should be guided by a
strong emphasis on enriching features within IMoART and enhancing interactivity
and overall utility within the dynamic landscape of the learning paradigm.
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