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Abstract

The objective of this research is to create a mobile app-based augmented reality learning media for computer
network hardware. The specific aims are to describe the application model design, application functionality,
feasibility, and effectiveness of using augmented reality-based mobile app learning media on computer
network hardware. The research methodology employed in this study is Research and Development (R&D).
The development stages include research, data collection, planning, draft product development, product
validation, revision based on product validation results, field testing, revision based on field testing results,
final product refinement, and dissemination. Furthermore, to assess the improvement in learning outcomes, the
Independent Sample T Test statistical method is used. The results obtained in this research show a significant
difference in the experimental class compared to the control class, where the average score in the experimental
class is higher. Therefore, it can be concluded that learning computer network hardware material using
augmented reality has successfully improved student learning outcomes.
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1. Introduction

Basic computer and network are lessons on computer hardware and software, starting from assembling, installing the
operating system, BIOS, peripheral drivers, LAN, WAN, and MAN networks, to IP addresses. One of the
fundamental and important subjects in this learning process is hardware. The application and utilization of technology
in the learning process are considered ideal for accommodating students' activities in understanding abstract concepts
and for increasing interest, motivation, and learning enthusiasm (Alamsyah et al., 2019). Based on a case study,
monotonous learning causes many students to have difficulty understanding computer network hardware material.
This is because there is still a lack of computer network materials and equipment, making it difficult for students to
imagine the actual forms. As a result, students do not fully grasp the material, and their ability to think abstractly is
not well honed. To address this issue, an augmented reality-based mobile app learning media for computer network
hardware material has been developed.

According to (Fajriansyah & Widodo, 2022), Augmented Reality, commonly abbreviated as AR, is a technology that
combines virtual objects with real-world objects. AR can generate visual representations of virtual objects, such as 3D
objects or animals, making them appear real. AR can be used as an enjoyable learning medium because it connects,
informs, and delivers information, thereby creating a more effective and efficient learning process.

Learning with mobile apps for computer network hardware material has been widely conducted, but it has not been
developed using augmented reality technology. By utilizing this technology, the visualization of three-dimensional
shapes appears more realistic. Additionally, according to (Taufik & Saputra, 2023), it is stated that smartphone users
in Indonesia are inversely proportional to the optimal utilization of smartphones, especially in the field of education.
Among students themselves, smartphones are primarily used for accessing social networks such as Facebook,
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Instagram, and Twitter, thus playing a less significant role in education. Therefore, the researchers aim to develop
augmented reality-based mobile app learning media for computer network hardware material. This media is based on
Android smartphones, which almost everyone possesses and most people prefer opening their smartphones over
reading books. Furthermore, to enhance literacy skills and in line with the fourth industrial revolution, augmented
reality-based learning media for Android smartphones has been designed.

The advantages of using this media are that the learning material can be updated, it is cost-effective and time-saving,
can be used by anyone in need, and most importantly, it can reach all areas anywhere and anytime, as well as being
easy to use and practical. Therefore, this research is crucial in order to enhance the abilities and skills of students in
the era of the digital-centric fourth industrial revolution.

The purpose of this research and development is to create an augmented reality-based mobile app learning media for
computer network hardware material. Specifically, the aims are to describe the design results of the application model,
the functionality of the application, its feasibility, and the effectiveness of the developed learning media in improving
the learning interest and outcomes of vocational high school students. The problem statement is how the development
of augmented reality-based mobile app learning media for computer network hardware material impacts the learning
outcomes.

The urgency of the proposed research lies in the need for instructional materials in the learning process. Mobile
learning offers a solution for accessing content anytime and anywhere. Augmented reality learning media has not yet
been developed for computer network hardware material. Therefore, research and development are necessary for
creating learning media for this material in the basic computer and network lessons of the Computer Engineering and
Networking Department in vocational high schools.

2. Literature Review
2.1. Learning Media

Learning media generally refers to tools and materials used in teaching and learning by educators and learners.
According to (Daniyati et al., 2023), learning media are any means that convey information to learners through
various channels, such as visual, auditory, and kinesthetic, in order to facilitate the creation of an effective learning
process that enables learners to absorb information and achieve the learning objectives. The benefits of media in
learning are: (1) Uniform delivery of subject matter. (2) The learning process becomes clearer and more engaging. (3)
The learning process becomes more interactive. (4) Efficiency in time and energy. (5) Improves the quality of student
learning outcomes. (6) Allows learning to take place anywhere and anytime. (7) Fosters a positive attitude in students
towards the subject matter and the learning process. (8) Shifts the role of the teacher towards a more positive and
productive direction (Karo-Karo S & Rohani, 2018). Appropriate learning media greatly assist students in the teaching
and learning process. With the presence of learning media, it helps teachers in providing explanations of the learning
material. Additionally, learning media also serves to facilitate communication for both the communicator and the
recipient (Wulandari et al., 2023).

2.2. Augmented Reality

One of the current renewable technologies that is interesting to develop in media is augmented reality, which can be
run on mobile devices. Mobile augmented reality is mobile-based technology that operates on Android smartphones
and can effectively visualize three-dimensional shapes, providing flexibility to view three-dimensional shapes from all
angles (A. Saputra & Imamn Nurul, 2020). According to (A. M. Saputra et al., 2023), Augmented Reality is a
technology that combines the real world with the virtual world. In other words, Augmented Reality (AR) brings
objects, such as videos or photos/images, into the real world in the form of three-dimensional models. This type of
augmented reality can help in visualizing abstract conceptual ideas to enhance understanding of the structural
characteristics of an object. In line with this, (Kautsar & Fauzan, 2023) explain that AR is a technology that merges
real-world objects with virtual or digital objects in a real-world setting. Real and virtual objects are combined using
suitable technology, and interaction occurs using specific tools and devices. Therefore, mobile augmented reality
technology is highly suitable for use in learning media, especially for computer network hardware material.
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2.3. Mobile Apps

The term "application’ originates from the word "application,’ which means implementation, submission, or usage. In
technical terms, an application is a ready-to-use program created to perform a function for the user or another
application and can be used by the intended target (Jainuri et al., 2021). Furthermore, according to (Agusti EImo,
2022), a mobile application is a web-based resource application that provides access to various relevant information.
This application can also be accessed through mobile phones, smartphones, wireless, and other devices. Meanwhile,
according to (Rizan & Hamida, 2016), a mobile application is an application that can be used even when users easily
move from one place to another without experiencing any interruption or disconnection in communication. Therefore,
it can be interpreted that a mobile application or mobile app is an application that can be run on accessible devices
anywhere, operated on a smartphone or mobile phone, making it easier for users to obtain relevant and effective
information.

2.4. Computer Network Hardware

Network devices are one of the subjects in the computer engineering and networking department. Ramadhan &
Ladjamuddin (2022) explain that computer networks are the fundamental medium for conducting activities and
productivity utilizing information technology. A computer network is the "interconnection™ of two or more
autonomous computers, connected through either wired or wireless transmission media (Wongkar et al., 2015).
Meanwhile, computer network hardware refers to the devices used in building a computer network. The simplest
computer network consists of two computers connected through a cable (Rindri, 2022). Therefore, interconnected
hardware devices in an autonomous network include routers, switches, access points, servers, modems, cables, and
other supporting network devices.

3. Research Method and Materials
3.1. Method

The method employed in this research is the Research and Development (R&D) method, following the Borg and Gall
development model (1983). This method is utilized to generate a prototype product in the form of an Android-based
application implemented in augmented reality (AR) mobile learning media for computer network hardware material.

The population of this research comprises all 10th-grade students at SMK Negeri 3 Makassar. The sample for this
study consists of 10th-grade students majoring in Computer Engineering and Networking (TKJ) at SMK Negeri 3
Makassar. In developing mobile app-based learning media, the steps adapted from Borg and Gall in Sukmadinata
(2006: 169-170) are utilized, which include (1) Research and data collection, (2) Planning, (3) Developing a
preliminary form of the product, (4) Preliminary field testing, (5) Main product revision, (6) Main field testing, (7)
Operational product revision, (8) Operational field testing, (9) Final product revision, (10) Dissemination and
implementation.

3.2. Materials

The techniques used to collect data in this research are interviews, observations, 1ISO 25010 testing, questionnaires,
and learning outcome tests. Interviews and observations are employed in the data collection phase to identify
shortcomings that require solutions and to gain an understanding of what the future product should look like. ISO/IEC
25010 is one of the quality models used as a standard for assessing software quality. ISO/IEC 25010 consists of a
software product quality model and a quality in use model (Mulyawan et al., 2021). 1SO 25010 testing in this study is
focused on usability and functional suitability. ISO/IEC 25010 is used to assess the performance of the application.
Questionnaires consist of questions used for validation sheets and to measure students' satisfaction levels in using the
learning media. Learning outcome tests are used to measure whether there is a change and improvement in students’
learning outcomes after using the Android-based application.

The data analysis utilized includes descriptive statistical analysis and inferential statistical analysis. Descriptive
statistical analysis is employed to depict quantitative data, which involves assessing the suitability of using the
Android application with a Likert scale. The results from the questionnaire are then categorized into several
categories, based on Widoyoko's classification (2014:238):
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o Very Feasible =Ml + (1,8 x STDEV Ideal) up to The Maximum score

o Feasible = MI + (0,6 x STDEV Ideal) to Ml + (1,8 x STDEV lIdeal)
o Fairly Feasible = MI - (0,6 x STDEV ldeal) to Ml + (0,6 x STDEV lIdeal)
o Not Feasible =MI - (1,8 x STDEV ldeal) to Ml — (0,6 x STDEV lIdeal)
o Very Not Feasible = Minimum score to Ml — (1,8 x STDEV Ideal)

The assessment scores for the level of suitability will serve as a reference for the testing results by media experts,
subject matter experts, teachers, and students. The scores obtained from the questionnaire will indicate the suitability
of the Android application as a learning medium. So, if the average scores from the subject matter experts, media
experts, teachers, and student responses fall within the "Suitable" category, then this augmented reality (AR)-based
mobile app learning media is considered suitable.

Inferential statistical analysis is used to determine the effectiveness of using augmented reality (AR) application
between students taught with and without AR application. The activities in data analysis involve grouping data based
on variables from all respondents, presenting data for each researched variable, performing calculations to address the
research questions, and conducting calculations to test the proposed hypotheses. Hypothesis testing is carried out to
determine whether the hypotheses presented in this research are accepted or rejected. Before testing the research
hypotheses, the data is first checked for normality using the Kolmogorov-Smirnov Test. Hypothesis testing is
conducted with the analysis of a single independent variable known as the t-test. The purpose of the t-test is to
determine the difference in the hypothesized variable (Riduwan & Sunarto, 2012). Learning outcome improvement is
analyzed using normalized gain scores. The sample can be considered to have experienced a significant improvement
if the obtained n-Gain reaches at least the moderate category, which is greater than 0.3. Meanwhile, the application
can be considered effective if the average n-Gain result exceeds 76 in the effective category according to Hake, R.R
(1999).

4. Results and Discussion
4.1. Result
The augmented reality-based mobile app learning media for computer network hardware material has been

successfully developed and implemented. Below are some documentation examples of the developed learning media,
which were then run on Android smartphones.

Figure 1. Documentation of the Design and Augmented Reality Display for Computer Network Hardware.

The augmented reality application is packaged within a learning media that features menus and educational content.
To activate augmented reality, users select the augmented reality menu from the main menu of the learning media.
Once the camera is active, the smartphone is directed towards the printed marker image on paper, causing the 3D
image to appear on the smartphone screen, as seen realistically in Figure 1. Figure 2 show some examples of the
marker images used.

After the augmented reality learning media has been successfully developed, the next step is to conduct a feasibility
test, which is carried out by media experts, subject matter experts, as well as user responses from teachers and
students. Below are the descriptive results of the feasibility test of the augmented reality media for users.
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Figure 2. Augmented Reality Marker Media

Table 1. Descriptive Category of Media Expert Feasibility

No. Score Range Category
1 X > 105 Very Feasible (SL)
2 85< X < 105 Feasible (L)
3 65< X <85 Fairly Feasible (CL)
4 45< X <65 Not Feasible (TL)
5 X <45 Very Not Feasible (STL)

Table 2. Descriptive Category of Subject Matter Expert Feasibility

No. Score Range Category

1 X >672 Very Feasible (SL)

2 54,4 < X < 67,2 Feasible (L)

3 416 < X <544 Fairly Feasible (CL)

4 288< X <416 Not Feasible (TL)

5 X <288 Very Not Feasible (STL)

Table 3. Descriptive Category of Teacher and Student Feasibility

No. Score Range Category
1 X >109,2 Very Feasible (SL)
2 88,4< X < 109,2 Feasible (L)
3 67,6< X < 88,4 Fairly Feasible (CL)
4 46,8< X <67,6 Not Feasible (TL)
5 X <46,8 Very Not Feasible (STL)

The next step after the feasibility test is to collect data to determine the impact of augmented reality learning media on
improving students' learning achievement. Student learning achievement data is obtained by administering an essay-
type learning outcome test consisting of 10 questions on computer network hardware material. The test includes a
Pretest to assess students' initial abilities, and a Post-test to evaluate students' abilities after the treatment. Table 4
show the descriptive analysis results of the post-test data obtained from the research.

As for the results of the inferential analysis using the paired sample t-test, they are presented in the Table 5 (the
analysis was conducted using SPSS Ver. 21).
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Table 4. Descriptive Data of Post-Test

Computer Network Hardware Learning Achievement

Description Control Experiment
Number of Respondents 36 36
Mean 80.69 88.44
Standard Deviation 4.187 3.676
Mode 80 91
Maximum score 70 81
Minimum score 88 96
Tabel 5. The Results of Independent Sample t-test Analysis
Independent Samples Test
Independent Differences
95% Confidence ]
Sig. (2-
Std. Std. Error Interval of the t df :
Mean o . tailed)
Deviation Mean Difference
Lower Upper
Control 80.69 4.187 0.698
. -9.602 -5.898 -8.346 70 0.000
Experiment 88.44 3.676 0.613
Table 6. N-Gain Test Results
Group N Mean Std. Deviation Std. Error
Mean
percentage of Control 36 62.3167 9.49355 1.58226
gain Experiment 36 77.1078 7.27913 1.21319

4.2. Discussion

The descriptive results from media experts yielded an average final score (X) of 103. Therefore, when placed in the
table of ideal category criteria (Table 1), the augmented reality learning media application falls into the 'Feasible’ (L)
category with a percentage of 82.4% compared to the ideal highest score. Furthermore, from the descriptive results of
subject matter experts, an average final score (X) of 67 was obtained. When placed in the table of ideal category
criteria (Table 2), it also falls into the 'Feasible’ (L) category with a percentage of 83.75% against the ideal highest
score. After the assessment by experts, the descriptive results from teacher respondents yielded an average final score
(X) of 109. When placed in the table of ideal category criteria (Table 3), it falls into the 'Feasible’ (L) category with a
percentage of 83.85% against the ideal highest score. Moving on, from the descriptive results of the respondents, an
average final score (X) of 108,97 was obtained. When placed in the table of ideal category criteria (Table 4), the
augmented reality learning media application is categorized as ' Feasible' (L) with a percentage of 83.82% against the
ideal highest score.

Furthermore, from Table 4, it is known that there are a total of 36 respondents in the control group and 36 individuals
in the experimental group who took the post-test. In the control group, the average score obtained is 80.69 with a
standard deviation of 4.187. The mode or the most frequently occurring value in the control group is 80, with a
maximum score of 88 and a minimum score of 70. Meanwhile, in the experimental group, the average score obtained
is 88.44, with a standard deviation of 3.676. The mode is 91, with a maximum score of 96 and a minimum score of
81.

From the calculation results and the SPSS output in Table 5, it can be observed that the comparison between the
scores of the control group and the experimental group yields a significance value (2-tailed) of 0.000, which is less
than 0.05 or (0.000 < 0.05). Therefore, it can be concluded that the scores of the control and experimental groups
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differ significantly. Since the results of the experimental group show a significant statistical difference where the
mean of the experimental group is greater than that of the control group, it can be concluded that learning computer
network hardware material using augmented reality successfully improved students' learning achievement, especially
in computer network hardware material.

Next, the results of the N-Gain test in Table 6 show an average value for the experimental group of 77.1078. Based on
the categorization and interpretation of effectiveness, a N-Gain value of 77.1078 > 76 falls into the 'Effective’
category. Therefore, the augmented reality-based mobile app learning media proves to be effective when used in the
school where this research was conducted. From the above analysis, it can be concluded that Augmented Reality-
based Mobile App Learning Media is feasible and successful in improving student learning achievement in computer
network hardware material. This is evident from the average score of the control group, which was 80.69 and
increased to 88.44 in the experimental group.

5. Conclusion

Based on the results and discussion of the research, it can be concluded that this study has been successfully
conducted and has produced a mobile app product in the form of an augmented reality learning media. This product is
considered suitable and has been proven to significantly enhance students' learning achievement in computer network
hardware material. As a suggestion for further research, mobile augmented reality learning media can still be
developed for other learning materials, and the application can be extended into Virtual Reality.
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