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Abstract—Applied augmented reality works by detecting imageries or pic-
tures, normally called markers, by using smartphone camera that detects these
preplaced markers. Augmented reality has seen wide application in various
fields, one of them is education. In the field of education, augmented reality is
utilized to make learning process more engaging and attractive. Starting from
the problem that learning computer networks on introduce to network device
which is currently still delivered conventionally. So, this research makes a solu-
tion to this problem by developing learning media using augmented reality
(AR) technology, which is a technology that combines two-dimensional or
three-dimensional virtual objects into a real environment and then projects these
virtual objects in real time. The purpose of this research is to build AR-based
applications in learning computer network devices in order to increase under-
standing, generate motivation and student interest. The methodology used in
this research consist of Envisioning Phase (Problem ldentification, Planning
Phase (Planning), Developing Phase (Design), Stabilizing Phase (Testing), De-
ploying Phase (Implementation). This study uses 31 students as sample and the
data was analysed using the SUS (System Usability Scale). The result show
evaluates the usability using SUS of 31 respondents and it can be concluded
that this AR application can be accepted by these students in its use with SUS
Score obtained was 78.5.

Keywords—Augmented Reality, 3D, Computer Networking Devices, System
Usability Scale

1 Introduction

Computers and technology are the leading factors behind the shrinkage of world.
Through computer network, people are able to communicate with others in faraway
places, so are students and teachers, they can communicate through computer network
such as email. Teachers spearhead the use of instructional technology through the use
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of computer network. With a modem and computer, one can meet with science educa-
tors with common interests in almost any region of the country or the world, 24 hours
a day. Hundreds of local, regional, national and international computer networks use
account and password system. Previous studies showed that there are three aspects of
computer network that are successfully utilized in learning process, namely: (1) The
involvement of users in a system; (2) Active email support; and (3) Occasional face-
to-face meetings between users. Computer networks will expand education[1].

Computer networks are a compulsory subject studied in the field of computer sci-
ence both in the Department of Informatics, Information Technology, and Information
Systems. This course aims so that every student can understand and practice material
ranging from the concept of computer networks to designing a topology, calculating
IP subnetting and also can operate the network so that it is connected to each other
using devices such as routers, switches, computers.

Teaching computer network course to students is always challenging for educators
because this course requires practical understanding more than theoretical one. The
major issue with this topic is that during theoretical teaching, students feel very tech-
nical. The substance of the subject matter is another issue., examples are protocols
like TCP / IP, UDP, ATM, etc. Protocol is the basis of this subject. It also introduces
many routing protocols to students. The main objective of the computer network sub-
ject in the curriculum is to explain how internetworking works, its application and
management[2].

Computer network concepts and protocols make it difficult for students to imagine
and understand how packages, flows, and protocols work during the theoretical teach-
ing and learning process. Computer networks, as a subject, are very conceptual and
technical. The computer networks' teaching and learning method requires students to
know the fundamental concepts and their practical uses. Awareness of the subject
relies on the creativity and visualization of the minds of students in the modern teach-
ing process. Using a large amount of jargon is a major issue in teaching this subject.
Students cannot grasp the term because of the jargon, contributing to low levels of
teacher-student engagement in the classroom[3]. Much computer networking teaching
transpires as a monologue of teachers in the classroom. Without practical experience,
this topic cannot be completely understood[4].

Students can not only acquire theoretical knowledge, but also practical skills to
configure and handle actual computer network situations while teaching basic and
advanced computer network concepts such as subnetting, switching, routing and oth-
ers. These functional skills are learned in education through the growth of the so-
called laboratory[5]. The use of the laboratory should be done in a reduced group of
students to obtain maximum availability to practice with different networking ele-
ments to acquire necessary skills. To achieve this objective in the real laboratory, the
development of complex topology networks is needed, though it is costly in terms of
time and economy.

In the learning of computer science, nearly all subjects require practical
knowledge. There are also many subjects that require theoretical knowledge along
with practical knowledge. A handful of technical topics are delivered using traditional
classroom-based teaching and learning process and computer network is one of them.
The numbers of traditional class learning in such subject can cause poor understand-
ing among student population[6].

48 http://www.i-jim.org



2 Literature Review

Over the last few years, the world has undergone the fourth industrial revolution.
Working conditions are encouraged to develop quickly in the expectation that sub-
stantial benefits can be gained in the future. More than ever, conventional production
processes are being automated and linked to other activities in the business. Data
management, the management of big data into correct data, is one of the most signifi-
cant factors in the Industry 4.0 environment. It is carried out using cyber-physical
system (CPS), internet of things (IoT) and cloud computing. In order to get a new
system in the future, the human profession is obliged to adjust and alter such that
known positions are proposed. Staff need to learn to adjust and grow to cope with new
circumstances and embrace and continually develop their performance by embracing
the term life-learning process. Ultimately, higher efficiency, improved product quality
and higher sales with reduced production time and cost are anticipated with the use of
technology and human improvement. In addition, the term mass customization be-
comes increasingly important and demands a highly flexible manufacturing[7]. The
word Industry 4.0 stands for the fourth industrial revolution, described as a new level
of organization and control over all product life cycle value chains; it is increasingly
geared towards individual consumer needs. Industry 4.0 is a visionary yet realistic
concept, contained within it Internet of Things, Industrial Internet, Smart Manufactur-
ing and Cloud-based Manufacturing[8].

All preparations must be made in facing industrial revolution 4.0 in which all in-
dustries are virtual-based in their relationships between humans, machines, data and
everything else, which is known as 10T or the Internet of Things. Industry 4.0 is a
very promising approach based on the integration of business and manufacturing
processes, as well as the integration of all those interested in the company's value
chain, namely suppliers and customers. Hereby, generic concepts from Cyber-
Physical Systems (CPS) and Industrial Internet of Things (IoT) emerge in industrial
production systems[9].

Industry 4.0 is an evolving model for increasing the digitization and automation of
the manufacturing system, as well as the development of digital value chains that
enable goods and their ecosystems to interact with business partners. All production
processes and in particular, the maintenance of systems and machines with all appli-
cable technical documentation are taken into account in this digitalization process.
The Industry 4.0 paradigm is the driving force behind the creation of a new generation
of digital technical guidance, focused in particular on new display technologies such
as Augmented and Virtual Reality, which take advantage of graphic and visual com-
ponents that play a major role[10][11].

The use of technology to boost the experience of teaching and learning in the class-
room has been suggested[12]. Augmented reality is one of these innovations, allowing
a layer of virtual knowledge to be overlaid over actual scenes in order to enhance the
user's understanding of reality. In an educational context, augmented reality has been
shown to offer several advantages, namely increasing learning engagement and in-
creasing awareness of several subjects especially when spatial skills are involved[13].
In an extended reality application, there are two kinds of content implemented: first is
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static, which is text, then dynamic, which is animation. No research project has to our
knowledge, evaluated how this form of content, static or dynamic, could affect stu-
dent learning experiences in applications of augmented reality. To decide how the
form of content affects the learning experience of students, experimental design is
required in which students interact with applications to study topics related to basic
electronics courses using static and dynamic content[14].

According to Azuma, the term augmented reality refers to technology that im-
proves the sensory experience of the real world by the user with a layer of computer-
assisted contextual knowledge[15]. In the Milgram Reality-Virtuality Continuum,
these are closely related to Augmented Reality (AR) and Virtual Reality (VR) and
represent different degrees of user immersion in environments where physical and
digital objects coexist[16]. VR technology fully replaces the real world with a synon-
ymous environment, while AR provides the user's context with virtual knowledge[15].

Recent advancements in wireless technology, mobile phone cameras, GPS and ac-
cess to the Internet make AR accessible to everyone who owns a smartphone. As a
consequence, in a number of subjects and contexts, many educators and developers
are beginning to explore AR's capacity for teaching and learning. However only a few
studies have so far attempted to measure the effects of AR on learning performance.
The research presented here is the first field experiment on the impact of AR on the
study of mathematical material, to the best of our knowledge[17]. In a real education-
al environment, [18] conducted a study with students with special educational needs.
The learning content focuses on understanding currency, coins and banknotes and on
managing them. In students with learning disabilities, unspecified learning difficul-
ties, and attention deficit hyperactivity disorder, the findings showed a substantial
improvement in the level of information and motivation.

An rise in the number of recent research studies on this subject was noticed by[19].
The utility of AR technology will increase in the near future with planned technologi-
cal advances. Thus, their use will definitely be broader, and they will be based on
further research. In turn, such future studies will provide further insights into its suc-
cessful use in the field of education. Educators may also have more faith in their abil-
ity to use them.

In the era of the industrial revolution 4.0, there was a change in the manual use to
visual use, especially the use of Augmented Reality technology. [20] conducted re-
search on maintenance measures in the form of instructional texts, which are very
commonly used in industrial fields. They replace this text into standard symbols that
smartphones can read using augmented reality technology.

Likewise, with [21] who promoted the use of technology in education, namely by
creating an Augmented Reality mobile game “Guardians of The Mo'o” for ESL stu-
dents (English as a Second Language) to improve their cultural understanding, com-
munication skills and also development. Language. According to [22] was designed
and developed a set of inquiry-based Augmented Reality learning tools in chemistry
courses, especially in micro-world learning to be able to properly visualize micro-
structures during the early stages of learning chemistry. With AR, students can con-
trol, combine, and interact with a 3D micro particle model using markers and carry
out a series of investigation-based experiments. AR tools are put into practice at a
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junior high school in Shenzhen, China. And then [23] examined an augmented reality
system for mobile devices that facilitates the visualization of 3D brain tumours in real
time.

According to [24], educational applications sold as tools are often created with lit-
tle or no input from educators or development specialists, and therefore are of little to
no use. As a result of his research into the creation and exploration of the Evaluation
Tool for Educational Applications (ETEA), a framework emerges that includes four
factors: usability, efficiency, parental control, and security, can be an example of a
solution that can benefit parents and current teachers. The aim, according to [25], is to
provide a comprehensive overview of what is available on evaluation tools for educa-
tional apps for children by critically evaluating content from a variety of sources. A
systematic literature review was conducted to accomplish this task, which included
searching various electronic databases and internet sources for all English literature
published after January 2010. Planning the study, locating important studies in the
literature, critical examination of the literature, and summarizing and analysing the
results were all part of the process and also using PRISMA. According to the findings
of his study, many assessment methods are ineffective in assisting teachers and par-
ents in accurately and quickly assessing the pedagogical potential of educational ap-
plications, and several are out of date and need to be revised. As a result, successful
assessment methods are in high demand to assist parents and teachers in choosing
educational applications.

There are still outstanding issues and difficulties in integrating digital technology
into preschool and elementary education. At the system / platform level, on their
research mainly refers to smart mobile devices and their corresponding mobile appli-
cations. These fields of robotics, mathematics, STEM, and literacy have shown to
provide numerous opportunities for early childhood, especially for those who are
expected to foster interest in computing from an early age. The key aim is to have a
deeper understanding of how emerging technologies affect children's learning pro-
cesses and their potential for early childhood education[26][27]. Computational think-
ing and programming are very important in the 21st century at this time, through the
application of technology that is appropriate to its development, the development of
coding skills is increasingly possible, and the result can be in the form of advances in
CT fluency or at least familiarity in young children. Given the tremendous success of
smart mobile devices and the accompanying mobile applications, in research conduct-
ed by [28] who investigated the use of technology applied to Children of Preschool
and Pre-Primary School Age. Children's favourite media is mobile devices, and their
widespread use has spawned a new wave of so-called mobile applications or apps for
use in educational settings. Despite the proliferation of apps claiming to educate chil-
dren, there is a significant disparity in app quality. While apps can provide active, fun,
and interesting context, the question is whether they align with children's educational
needs. His research findings show that very few of the so-called "educational” appli-
cations that have been evaluated and tested can improve children's intelligence and
improve their learning performance[29].
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3 Methodology
In this study, the research methodology used includes the following stages:
3.1  Envisioning phase (Problem identification)

This was a phase where objectives, benefits and scope of the catalog were defined
in writing. The objective of this phase was utilizing new technology in the field of
education, especially the application of technology in learning method, development
of animation teaching materials, and utilization of AR in computer networking devic-
es.

3.2 Planning phase (Planning)

This was a phase where the catalog to be made was modelled, designed, and
planned according to the desired objectives and benefits in the draft form. Marker
design is also carried out which will be recorded in a catalog.

3.3  Developing phase (Design)

The stage where the draft is realized in the form of a product catalog. In this stage,
a catalog containing markers from computer network devices will be created.

3.4  Stabilizing phase (Testing)

This was a phase where the application was tested in various conditions to identify
existing shortcomings. In this stage the application will tested on student to identify
the limitations of the AR catalog of the computer networking devices designed.

3.5 Deploying phase (Implementation)

This was a phase where the catalog product was used by users to obtain criticism
and suggestions as well as possible next development steps:

3.6 Evaluation phase (System evaluation)

The evaluation stage consists of :
a) Determination of research samples

Evaluation of the use of this application was carried out on students of the infor-
mation system study program, Sultan Syarif Kasim State Islamic University, Riau,
Indonesia with a total of 31 students as a sample.
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b) Testing Research Instruments

SUS is a questionnaire consisting of 10 question items (Brooke, 1996) as shown in
Table 1. The SUS questionnaire uses a 5-point Likert scale. Respondents were asked
to give ratings "Strongly disagree”, "Disagree", "Neutral”, "Agree", and "Strongly
agree" on 10 items of the SUS statement according to their subjective assessment. If
the respondent feels that they do not find the right response scale, the respondent must
fill in the middle point of the test scale (Brooke, 1996). Each statement item has a
contribution score. Each item's contribution score will range from 0 to 4.For items
1,3,5,7, and 9 the contribution score is the po-side of the scale minus 1. For items
2,4,6,8, and 10, the contribution score is- is 5 minus the scale position. Multiply the
total contribution score by 2.5 to get the overall system usability score.

Table 1. SUS Questionnaire

P
o

Questionnaire
I think 1 would like to use this apps frequently.
| found the apps unnecessarily complex.
| thought the apps was easy to use.
I think that | would need the support of a technical person to be able to use this apps.
| found the various functions in this apps were well integrated.
| thought there was too much inconsistency in this apps.
I would imagine that most people would learn to use this apps very quickly.
| found the apps very cumbersome to use.
| felt very confident using the apps.
| needed to learn a lot of things before | could get going with this apps.

O[N]~ |lw|N |-

[
o

¢) Data analysis using SUS

Evaluation of AR application using the System Usability Scale: In this study,
data analysis was performed using the SUS method. The System Usability Scale
(SUS) method is a technique used to test the usability of an application[30]. SUS was
developed as a “quick and dirty” usability measurement. SUS is a questionnaire that
can be used to measure the usability of a computer system according to user’s subjec-
tive point of view. SUS was developed by John Brooke since 1986[31]. The SUS
instrument consists of 10 question items. To date, SUS is widely used to measure
usability and show several advantages, such as:

1. SUS is easy to use since the result is a score of 0-100.

2. SUS is easy to use, does not require complex calculation.

3. SUS is free, no additional cost needed.

4. SUS has been proven to be valid and reliable, even with a small sample size.

The test scale ranges from 1 (strongly disagree) to 5 (strongly agree).

SUS Score Calculation Method: The calculation of AR application testing results
with the SUS instrument was performed by following several rules: Each statement
item has a contribution score. Each item contribution score ranged from 0 to 4. For
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each statement with an odd number, namely 1, 3, 5, 7 and 9, respondent's answer scale
is reduced by 1. For each statement with even number, namely 2, 4, 6, 8, and 10, re-
spondent's answer scale is reduced by 5. To obtain the overall value of the usability
system, the total contribution score is multiplied by a value of 2.5.

The following is the SUS score calculation formula:

SUS Score=((R1—-1)+(5-R2)+(R3—-1)+(5—-R4)+(R5—-1)+(5—R6) +
(R7—1)+(5—R8) + (R9 — 1) + (5 — R10)) * 2.5)

Scores in SUS

The results of the SUS Score assessment is in the following figure:

NOT ACCEPTABLE MARGINAL ACCEPTABLE

ACCEPTABILITY]
e [ov [ J
GRADE

WORST BEST
R 00! EXCELLENT
ADIECTIVE IMAGINABLE PO o go00 IMAGINABLE

RATING 1 | | |
Lo Lot it ety it

|
']
0 10 20 30 40 50 60 70 80 90 100

Fig. 1. Scores in SUS

Based on the assessment of the scores on the SUS, there are 3 ratings, namely:
1. Acceptability Ranges is the result with the following range:

— Not Acceptable 0-50
— Marginal 50-70
— Acceptable 70-100

2. Grade Scale

— A =280.3-100
— B =68-80.3
— C=68

— D=51-68

— F=0-51

3. Adjective Ratings

— Best Imaginable = 85-100
— Excellent = 74-85

— Good =53-74

— Ok =39-53

— Poor = 25-39

— Worst Imaginable =0-25
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‘ Goal | ‘ Output ‘ |
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Review
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Fig. 2. Research Framework

3D Object AR

4 Result and Discussion
4.1  Augmented reality application for computer network device

This learning media in the form of an Android application in its use must be in-
stalled first on an Android smartphone and used together with the marker images on
the books that have been provided. The AR technology used to develop this media
was marker-based AR technology, meaning that to see virtual objects in the form of
3D models in this application there must be a marker image object that was scanned
using a smartphone camera. The marker image was called the “target marker”. With
existing marker-based AR technology, the designated object can only be loaded on
the screen from one marker and another marker must be added so that the same object
load on the screen again. This creates a problem where relevant markers should be
extracted and displayed on the screen so that several objects can be loaded[32]. The
exploitation of AR technology in the development of learning media provides distinct
experience, both for teachers and students. AR can be used to bridge the gap between
practical learning and theoretical practice along with real and virtual components
combined to make unique learning experience. In the systematic review of studies and
applications, the use of AR in education is shown to be effective for several purposes,
such as better learning performance, motivation learning, student involvement and
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positive attitudes[33]. According to[34], what limits the use of VR or AR technology
in educational settings is not the use of technology itself, but how these technologies
are used and how students learn. Virtual learning experience is not merely intended to
obtain knowledge; therefore, it is necessary to design a learning environment from a
constructivist approach to obtain the full benefits of learning.

Splash Screen Display (SSD): When the application is opened, the first thing that
will appear is the splash screen page. This design is the basis for the introduction of
applications in general to show the name of the application.

3D Augmented Reality

Perangkat Jaringan

Fig. 3. Splash Screen Page

The Main Menu display will appear after the splash screen page. Menu options are
used by users to select the menu item that the user wants. The main menu display
consists of 3 buttons namely Start, Guide and About

Fig. 4. Menu Page

Network Interface Card (NIC): Open the “Start” menu, then point the
smartphone camera at the NIC marker. The hardware related 3D image will appear.
Then click information to find out detailed information regarding the image about the
NIC.
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Fig. 7. AR for NIC Fig. 8. Information NIC

RJ45: To open AR information for RJ45, click the “Start” menu, then point the
smartphone camera at the RJ45 marker. The hardware related 3D image will appear.
Then click Information to find out detailed information about the RJ45 image.

Fig. 9. Marker RJ45 Fig. 10.Smartphone Scanning Marker
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ARRJ45

Networking)
k kegunaan

Fig. 11.Information about RJ45 Device

Router: To open AR information for the Router by clicking the "start" menu, then
point the smartphone camera at the Router marker. After pointing the smartphone
camera at the marker, then a 3D image related to the hardware appears, then click the
information to find out detailed information regarding the image about the Router.

4

ROUTER

Fig. 14. Information of Router Device
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Switch: To open AR information for the Switch, click the “start” menu, then point
the smartphone camera at the switch marker. After pointing the smartphone camera at
the marker, a 3D image related to the hardware appears, then click the information to
find out detailed information regarding the image about the Switch.

Fig. 15.Switch Marker

Switch adalah perangkat jaringan yang beroperasi di OS/ Layer 2
Data Link Layer.Perangkat fersebut sebagai penyambung atau
concentrator dalam jaringan. Berbeda dengan Hub, Switch tidak
dapat mengalami colision karena Switch dapat mengenal MAC
Address / Physical Addresssehingga Switch dapat memilah data
yang akan ditransmisikan. Berikut ini fungsi-fungsinya

Sebagai penguat atau repeater
Untuk menghubungkan kabel-kabel UTP( katagori 5/5€ ) antar
komputer

o Menghubungkan antar komputer dalam LAN.

e SR
P T | e
Fig. 17.Information of Switch Device
Hub: To open AR information for the Hub by clicking the “start” menu, then
pointing the smartphone camera to the hub marker. After pointing the smartphone

camera at the marker, then a 3D image related to the hardware appears then click the
information to find out detailed information regarding the image about Hub.
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Fig. 20.Information of Hub Device

4.2 Application Evaluation Results (AER)

Validity and reliability test: To analyse the validity of the research instrument,
the first step is to test the validity and reliability using SPSS with the following re-

sults:

Table 2. Validity and Reliability Test Results

Questionnaire Corrected Item-Total Correlation Cronbach’s Alpha
R1 .642
R2 .584
R3 454
R4 .385
R5 515
R6 A17 819
R7 572
R8 525
R9 528
R10 405
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Based on table 2. it can be seen that the overall Corrected Item Total Correlation
(Rcount) value> 0.3, it can be concluded that all SUS question items are valid and
Cronbach's Alpha value> 0.7, so it can be stated that the questionnaire in this study is
Reliable.

SUS score analysis: The final scale score is obtained based on the rules of the Sys-
tem Usability Scale (SUS) method. The calculation of the 31 respondents obtained a
total value of 2435. Then the average value or SUS Score obtained was 78.5. The
SUS method provides stipulation with three assessments, namely Acceptability,
Grade Scale and Adjective Rating. It is used to see the extent of students in using AR
Application of Universitas Islam Negeri Sultan Syarif Kasim Riau to support learning
activities. The assessment was performed based on three categories of the Acceptabil-
ity aspect, namely “not acceptable”, “marginal” and “acceptable”. While the Grade
Scale aspect had six scales, namely A, B, C, D, and F and the Adjective Rating con-
sisted of “worst imaginable”, “poor”, “okay”, “good”, “excellent” and “best imagina-
ble”. Based on the results of the calculation of 31 respondents, the average value was
78.5.

1. Acceptability Ranges: the above mean value is Acceptable.
2. Grade Scale: the above mean value falls into Scale B.
3. Adjective Ratings: the above mean value is considered Excellent.

From these results it can be stated that the AR application can be used easily by us-
ers so that it is expected to support lecture activities.

5 Conclusion

Based on the results of research at the system functionality stage of the develop-
ment of learning media recognizing computer network devices using augmented reali-
ty technology, it can be concluded as follows: The application of augmented reality
recognizes computer network devices capable of realizing the virtual world to the real
world, can display objects 2D images become 3D objects, so the learning method is
not monotonous and students are encouraged to find out more, such as knowing the
shape and visualization of the name of a computer network device that resembles the
original form and information from each of these devices. And also, after evaluating
the usability with SUS of 31 respondents and it can be concluded that this AR appli-
cation can be accepted by these students in its use with SUS Score obtained was 78.5.
The limitation in this study is limited to only the application of AR applications to one
subject and evaluation is only used at one university.
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