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ABSTRACT

ARTICLE INFO

Basic Computer and Network subjects are compulsory
subjects for the Computer and Network Engineering expertise
program for class X. There are problems found during learning
activity in this subject, such as less effective learning methods,
the lack of variety in multimedia used by educators, a lack of
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understanding and student activeness in the learning process AK%\?LO,;(:,'GMWHS of computer
are. The aim of this study is to demonstrate a learning method hardware,
assisted by multimedia learning based on Augmented Reality Augmented reality,

. .. Demonstration,
to determine the cognitive enhancement of students on the Comprehensive Life Cycle model
anatomy of computer hardware parts. This study used the (SHM).

Comprehensive Life Cycle model (SHM or Siklus Hidup
Menyeluruh) model with students of the X grade Computer
and Network Engineering Skills Program at SMK Harapan 1
Rancaekek as the sample. The results obtained from this
study are: 1) Multimedia learning has obtained a percentage
value of 87.32% which is interpreted "Very Good" by media
experts. 2) Multimedia learning can improve students'
cognitive and obtained an average gain value of 0.65 with the
effectiveness criteria "Medium". 3) Students gave good
responses to the multimedia created and the assessments of
multimedia made an average percentage score of 86,16% is
categorized as "Strongly Agree".
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1. INTRODUCTION

The rapid advancement of technology today is unavoidable and has affected all human
activities, ranging from work, business, and even daily routines. Likewise, it has also affected
the development of the education system in the world, including in Indonesia. Education itself
is a development process of individuals and society that needs to balance religious values,
culture, thoughts, and skills to the next generation so that they are truly ready to welcome
the future of the life of the nation and a brighter country (Nurkholis, 2013). Technology is an
inevitable choice as a new movement in the education system to respond to the industrial era
4.0. Therefore, teachers as the frontline in the world of education must improve competence,
mastery, and utilize digital technology in learning. Vocational High School is one of the
secondary education levels with the specialty of preparing ready-to-work graduates (Turistiati
and Ramadhan, 2019). Vocational high schools as a sub-system of national education should
prioritize preparing students to be able to choose the right careers, enter the workforce,
compete, and develop themselves successfully in a rapidly changing and developing world
(Muttagien, 2018).

In the academic process of vocational education, Basic Computer and Network subjects
are compulsory subjects for the Computer and Network Engineering expertise program. The
core competencies expected while majoring in computer and network engineering is
mastering the anatomy and parts of computer hardware so that later students during practice
can assemble computers. Therefore, learning basic computers and networks requires learning
methods that help support cognitive enhancement and student activeness by using
demonstration methods and affordable learning multimedia as well. Based on the results of
interviews with teachers of Computer and Network Engineering subjects at SMK Harapan 1
Rancaekek, it is known that the learning methods used in this subject are the old methods,
such as lecture methods. With these methods, some students have difficulty understanding
the material, and the learning media used is limited to just PowerPoint and projector. Ideally,
students need an active atmosphere that students do not feel bored and interested in the
learning process, which that can be created through varied media and methods.

The demonstration method is a teaching method which is done by demonstrating tools,
events, rules, and sequences of performing an activity, either directly or through the use of
teaching media relevant to the subject matter or material being presented (Rohendi, Sutarno,
and Ginanjar, 2010). In addition to learning methods, the teaching and learning process in the
classroom requires learning multimedia as a technology to help the teaching process. The
teacher must create a more interesting, creative, innovative teaching and learning process so
that it will increase learning motivation for students. One such technology that can be
implemented is Augmented Reality.

Augmented Reality itself is a technology that combines virtual objects both two-
dimensional and three-dimensional into a real environment and then projects these virtual
objects in real time (Saherltian & Helilintar, 2017). By using Augmented Reality as an
alternative learning media, it is expected to make learning more interesting for students.
Through this technology, considerable benefits are obtained for schools that lack computer
equipment facilities. The demonstration learning method armed with an application in the
form of Augmented Reality is also expected to increase learning motivation, class activeness,
and student cognition.

Therefore, the researcher conducted a study of multimedia learning assisted by
Augmented Reality using the demonstration method which aims to determine whether or not
it will improve student cognition in the subject of basic computer and network.
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2. METHODS

The research method used in this research is the multimedia development method of the
Comprehensive Life Cycle model (SHM). The purpose of this research is to produce a product
inthe form of learning multimedia in learning Basic Computers and Networks. The multimedia
development consists of five stages, namely 1) Analysis, 2) Design, 3) Development, 4)
Implementation, and 5) Assessment. The research workflow is described with a flowchart as

in Figure 1 below.
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(i) Analysis Stage. At this stage, the researcher determines the need for software
development involving learning objectives, student’ needs, teachers’ needs, and the

Figure 1. Flowchart of researc
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environment in accordance with the applicable curriculum from the results of field studies
and literature studies.

(ii) Design Stage. At this stage, researchers compile teaching materials that will be used in
multimedia that have been adjusted to the curriculum, compile question instruments that
will be used in the pretest and posttest to measure the increase in understanding of the
participants, then make a multimedia flowchart, and create a multimedia storyboard.

(iii) Development Stage. At this stage, researchers begin to develop the multimedia according
to the flowchart and storyboard designs that have been made at the design stage. After
the multimedia has been made, the next step is to obtain experts’ validation which aims
to obtain some input on the multimedia so that the multimedia made can be finalized for
use. The development will be done in Unity to create an Android-based application.

(iv) Implementation Stage. Before the learning process is carried out, the researcher starts by
giving the student a pretest. After the student is finished with the pretest, the learning
process is carried out, which uses the demonstration method and multimedia that has
been made. At the end, the students are asked to work on posttest questions to measure
the increase in understanding when they have been given learning treatments using
multimedia. At this stage, students are also asked to fill out a questionnaire of students'
responses after learning using the multimedia.

(v) Assessment Stage. This stage is carried out to determine the results of the research that
has been done by processing and analyzing the data obtained from the pretest and
posttest to measure the increase in students' cognitive understanding after using the
Augmented Reality-based learning multimedia. This stage is also done to find out the
strengths and weaknesses of the multimedia developed so that improvements can be
made.

2.1. Research Design

The research design that will be used in this study is a pre-Experimental design, namely
One-Group Pretest-Posttest. The One-Group Pretest-Posttest design procedure can be seen
in Table 1.

Table 1. Procedure one-group pretest-posttest.

Pretest Treatment Posttest
01 X 02

Description:

01 = Initial test score before treatment

X = Treatment or treatment in the form of the use of Augmented Reality-based learning
media Reality-based learning media with demonstration method

02 = Final test score after given Treatment
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2.2. Research Population

The population in this study were students of the Computer and Network Engineering
Expertise Program of SMK Harapan 1 Rancaekek. The sampling technique used in this study
was carried out by nonprobability sampling type purposive sampling, which is a sampling
technique by determining certain criteria, considering that the selected sample is in
accordance with the problems raised by the researcher. The sample in this study is the
students of SMK Harapan 1 Rancaekek Computer and Network Engineering Expertise Program
class X who are studying basic computer and network subjects with a total of 20 students.

2.3. Assessment Instrument

The instruments used in this research are Field study instruments, namely semi-structured
interviews conducted with subject teachers, the question instrument for the student which is
a collection of multiple-choice questions, media validation instruments that use The Learning
Object Review Instrument (LORI), and student response instruments in the form of an
assessment questionnaire and student responses to learning using multimedia.

2.4. Instrument Analysis

Analysis of data obtained from the results of field studies can be described directly because
it is the result of interviews. The results of the question instrument data are taken from the
results of testing first to students, then the question instrument will be analyzed in the form
of validity, reliability, difficulty index, and question differentiation. Data analysis of expert
validation instruments will be analyzed using a rating scale and student response instruments
will be analyzed using Likert Scale. The level of validation of learning media in this study is
classified into four categories using a scale as in Figure 2.

0 25 50 7

L]

100

Mot Good Less Good Good Very Good

Figure 2. Expert validation category interval.

The n-gain test analysis aims to determine the improvement of students' comprehension
skills. The calculation is obtained from the average results of the pretest and posttest scores.
The n-gain percentage is classified into three categories, which can be seen in Table 2.

Table 2. N-gain classification.

Percentage Effectiveness
0,00<g<0.30 Lower
0,30<g<0.70 Medium
0,70 < g <1.00 High

DOI: http://dx.doi.org/10.17509/XXXX.XXX
p- ISSN xxxx-xxxx e- ISSN 2774-7891



http://dx.doi.org/10.17509/xxxx.xxi

Fadilah et al., Designing Augmented Reality-Based Learning Multimedia Using ... | 60

3. RESULTS AND DISCUSSION
3.1. Needs Analysis Results

In the initial stage of designing and building Augmented Reality-based learning multimedia,
researchers made an observation that included field studies and literature studies. The Field
Study was carried out by the researcher by interviewing the teacher of Computer and
Network Basic Computer and Network subjects at SMK Harapan 1 Rancaekek. The problems
encountered according to the results of interviews with the teachers who teach these
subjects are:

(i) The learning method in class uses lecture and question-and-answer methods.

(ii) Anatomy and Parts of Computer Hardware material which is the basis of learning still has
a value below the average.

(iii) Student activeness in class is still lacking with only some students following the learning
well.

Based on the results of the interview above, innovation is needed to make the learning
process more exciting. The help of multimedia learning is expected to make the classroom
atmosphere more exciting and make the students more active. Therefore, the researchers
suggest creating learning multimedia using Augmented Reality with a demonstration method
on the material of anatomy and parts of computer hardware.

3.2. Multimedia Interface Creation

The development of this multimedia interface refers to the storyboard and flowchart that
has been designed. The following is the interface of the application:

3.2.1. Starting Page

The starting page is displayed when the student opens the application. There is only one
button which is “Start” as shown in Figure 3. After the student clicks the start button, they
will be directed to the main menu.

e

=

Figure 3. Starting page.
3.2.2. Main Menu

Inthe main menu (shown in Figure 4 ), there is a display of buttons, including “AR Computer
Component” (AR Komponen Komputer), the “Help” button, and the “Exit” button to close
the application. In addition, there is the “manual” button to help the student operate the
application, a button with question mark icon as the creator profile on the left side, and a user
profile button on the right side.

DOI: http://dx.doi.org/10.17509/XXXX. XXX
p- ISSN xxxx-xxxx e- ISSN 2774-7891



http://dx.doi.org/10.17509/xxxx.xxi

61 | Jurnal Guru Komputer, Volume 3 Issue 1, September 2022 Hal 55-68

- 7

AUGMENKERIREAERRY

Figure 4. Main menu.
3.2.3. Material Page

As shown in Figure 5, this page contains material from each computer component that
looks like a book with both pictures and text. On this page, there is also a back button to go
to the main menu.

Motherboard

| —
P F N \_J F l ASA N Papan sirkuit tempat berbagai komo f

elektronik saling terhubung. Mor*
merupakan komponen utama -

PC. Tempat berlalu lalangnv be

- menghubungkan semua > bl
komputer dan memb P W \gsung
schingga berjalan den 2 Tt

f.

Figure 5. View material page.

3.2.4. Learning Objectives Page

As shown in Figure 6, this page contains information about the learning objectives in the
multimedia. On this page, there is also a back button to go to the main menu.

TUJUAN PEMBELAJARAN
1. Dapat mengetahui berbagai macam komponen komputer

2. Dapat mengetahui fungsi dari setiap komponen komputer
3. Dapat melakukan perakitan komputer

_

Figure 6. Learning objectives page.
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3.2.5. Profile page

On this page contains information about the creator of the Augmented Reality learning
application, as shown in Figure 7. There is also a back button to go to the main menu.

- PROFIL

Nama Alvon Fadilah
NIM 160 ‘

Email alvon.fadilah@student.upl.edu

PENDIDIKAN ILMU KOMPUTER 2016
UNIVERSITAS PENDIDIKAN INDONESIA

Figure 7. Profile page.
3.2.6. AR Page of Computer Components

Upon entering the “AR Computer Component” page, it will automatically open the
smartphone camera which functions is to scan the marker that has been provided. If the
marker is detected, a 3D model of a computer component object will appear according to the
type of computer component marker, as shown in Figure 8, Figure 9, and Figure 10. There is
a button to view the material and a back button to go to the main menu.

In Figure 8, there is an example of a marker and the 3D model which shows the
motherboard part.

Figure 8. Marker motherboard.
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In Figure 9, there is an example of a marker and the 3d model which shows the processor
part.

Figure 9. Marker processor.

In Figure 10, there is an example of a marker and the 3d model which shows the RAM part.

Figure 10. Marker RAM.

3.2.7. Help Page

On this page, there is information on how to use multimedia, and there is a download
button that is given a down arrow symbol whose function is to download the computer
component marker module. There is a back button to go to the main page. In Figure 11, there
is the cover page of the help page.
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Figure 11. Help page

In Figure 12, there is the instruction in a form of text and image on how download
the marker or use the marker.

Bantuan

wnmwmm
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Mo archie tcdak mmerrslicrnge, sdabikan ey
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MeNgRunakan tombol downloud yong ada

Focla baglan rmeng, pllth AR Kompaonen Kompsber ™
L arabican karmera pacde marker,
ety ek dapet terkbat derggan jeles

di sebelan kanan s, - 4
H ——
L3
KCN -
wkan muncul, dan setiap markor mermilile
Arcio dopot buku marker untuk Komponen yong borbods - beda,
mmudian anca Ot mtans cheampilioan
pacia ddovw e arcdrond birmya.

- |

Figure 12. Module download help page.
3.2.8. Multimedia Exit Popup Page

This page contains “Yes” and “No” buttons to confirm the user if they want to exit the
multimedia, as shown in Figure 13. If yes, the multimedia will exit, and if no, it will return to
the main menu page. will return to the main menu page.
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Figure 13. Pop up confirmation.

3.3. Media Validation Test Results

This media validation test was validated by media experts, namely lecturers. This stage
must be done so that there are no errors in the multimedia and all functions and components
run well. This media validation test uses the LORI approach. The value obtained from the
validation results by media experts is 87.32%, so this learning multimedia can be categorized
as "Very good" based on the validation results interval. The results of multimedia testing by
media experts are described in Table 3 below.

Table 3. Media expert validation results.

No Aspect Maximum score Score acquisition Percentage (%)
1 Presentation design 5 5 100.00
2 Interaction usability 15 13 86.66
3 Accessibility 10 9 90.00
4 Reusability 5 4 80.00
5 Standards Compliance 5 4 80.00
Average 87.32

3.4. Material Validation Test Results

After the results of the multimedia validation above, validation was carried out by material
experts, namely lecturers of Computer Science Education. Computer Science Education
lecturer. The brief results of the validation are as follows 93.75%, so that the material in this
learning multimedia can be categorized as "Very Good". The material in this learning
multimedia can be categorized as "Very Good". The results of material testing by material
experts are described in Table 4 below.

Table 4. Material expert validation result

No Aspect Maximum score Score acquisition Percentage (%)
1 Content quality 20 20 100.00

2 Learning goal alighment 20 19 95.00

3  Feedback and adaption 5 4 80.00

4  Motivation 5 5 100.00

DOI: http://dx.doi.org/10.17509/XXXX. XXX
p- ISSN xxxx-xxxx e- ISSN 2774-7891



http://dx.doi.org/10.17509/xxxx.xxi

Fadilah et al., Designing Augmented Reality-Based Learning Multimedia Using ... | 66

Average 93.75

3.5. Results of Improving Cognitive Understanding

After the experiment, a significant increase was obtained. This is known from the increase
in pretest and posttest scores. Before students do the posttest, students are given pretest
qguestions to find out their initial understanding before using multimedia. After that,
researchers conducted learning using the demonstration method and multimedia-based
learning Augmented Reality in the learning process, after which students were given posttest
questions. The results of the increase in student scores can be seen in Figure 14.

Average pretest score and posttest
score
100

81,75

80

40
20

Pretest score Posttest score

Figure 14. Average pretest and posttest score

Based on Figure 14, the average pretest and posttest scores have increased. From this
comparison, a difference of 32.75 was obtained. To determine the increase in students'
cognitive understanding of learning by using the demonstration method and Augmented
Reality-based multimedia, the n-gain test was analyzed. The results of the n-gain analysis can
be seen in Table 5.

Table 5. N-gain analysis result

X pretest X posttest X n-gain  Effectiveness
49 81,75 0,65 Medium

Based on the table, the average n-gain obtained is 0.65 which if interpreted in the learning
effectiveness criteria is "Medium".

3.6. Assessment Results and Student Feedback

The responses given by students to Augmented Reality-based learning multimedia are very
agreeable; students are enthusiastic about using learning multimedia. This can be evidenced
by the results of the student response instrument regarding learning using Augmented
Reality-based multimedia with an average value of 86.16% with the category "Strongly
Agree". with the category "Strongly Agree". The following are the results of the analysis on
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the 3 main aspects, namely: Software Aspects Software Aspects of 86.25%, Learning Aspects
of 87.25%, and Visual Communication Aspects of 85%.

4. CONCLUSION

Augmented Reality-based learning multimedia is designed and developed through several
stages adapting from the Comprehensive Life Cycle (SHM) development model. The
multimedia has been tested for feasibility and received an average score of 85.75%, and an
average score for the teaching material of 93.75%, which can be categorized as "Very Good"
and suitable for use. Students' motivation, activeness, and cognitive skills improved after the
implementation of Augmented-reality multimedia to the Basic Computers and Networks
subject, especially on anatomy and computer hardware. This is proven by the average gain
value of 0.65 which is interpreted into the level of 0.65, which means it had achieved the level
of effectiveness of "Moderate". Student responses to learning using multimedia-based
learning Augmented Reality-based learning multimedia is quite good with an average score
of 86.16% and included in the "Very Good" category.

Based on the results of the research that has been carried out, there are several
suggestions that can be used as material for improvement for further research. The
suggestions in question are as follows:

(i) Augmented Reality-based learning multimedia should be implemented in the teaching
and learning process because it can support academic activities inside and outside the
school environment

(ii) Learning multimedia must be updated in accordance with technological developments
and existing learning materials.

(iii) Develop more interactive Augmented Reality-based learning multimedia in addition of
video and audio to increase student’ engagement in class

(iv) If the students do not have smartphones, they can work with other students to use
Augmented Reality-based learning multimedia through smartphones.
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