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Abstract

Aims: This study aims to analyze the distance and intensity of light that is effective in displaying 3-
dimensional virtual object images from applications using 3 different types of smartphone device models, and
also to evaluate the level of user satisfaction using the USE Questionnaire and Likert scale in programming
algorithm learning applications with augmented reality.

Study design: An application was made to help to program learning through physical media by using
augmented reality. In testing the system with the black-box testing method, were get a successful answer for
each scenario in the application test.

Place and Duration of Study: Department of Informatics, Universitas Multimedia Nusantara, between
January 2022 and July 2022.

Methodology: The initial step in this research is a literature study to gather information about the theory of
the research, and the next step is design and analysis is carried out based on the literature study carried out,
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then the application is made and then continued to testing and comparison, and for final step is evaluation and
documentation, to conclude this research.

Results: The results showed that the analysis of the marker-based tracking method was tested with variable
indicators to prove the application succeeded in bringing up 3-dimensional objects at a minimum distance of
10 cm and for the maximum distance obtained was 163 cm, at the lowest intensity condition, namely 192 lux
and the highest light intensity with 1620 lux, as well as camera specifications smartphone also affect the
detection marker. Based on the questionnaires that have been distributed to 36 respondents, users get a
percentage above 80% on each developed question which states the application is very effective.

Conclusion: The marker-based tracking method in the application has been successfully tested by testing the
application using a marker on study cards. The lower the light intensity, the lower the camera specification
smartphone, and the farther the detection distance of the smartphone will affect the minimum and maximum
distance in detecting markers to bring up 3-dimensional objects in the application.

Keywords: Augmented reality; distance and intensity of light; learning applications; marker based tracking.

1 Introduction

In this research, the implementation of augmented reality with the marker-based tracking method is used in
learning programming algorithms through applications that are intended for students who want to learn about
programming algorithms practically and easily to learn [1,2]. Augmented reality is a relatively new technology
and is still being developed until now. The concept is to combine real-world dimensions with digital objects
from the virtual world to create the impression of real-world dimensions enriched with three-dimensional visual
objects [3]. The purpose of Augmented Reality is to help human performance in the virtual world so that the
surrounding environment can be visualized in the form of digital data [4,5]. The use of augmented reality can
assist individuals in seeing the results of the implementation or process of the program algorithm learning
materials carried out [6,7]. By utilizing the marker-based tracking method, which will read a marker pattern
printed on physical media by a smartphone camera directed to the marker pattern section, the display on the
smartphone will show the results of the implementation or process of the programming algorithm in the 3D
visual form [8,9]. In the marker-based tracking method, the program will still be able to recognize the marker
pattern even though its position changes according to the camera device smartphone as long as the marker
pattern still enters the camera's point of view [10]. The displayed 3-dimensional visual object will still stick to
the marker pattern and each marker pattern will show a different 3-dimensional visual object [11].

Augmented reality based on the tracking method or tracking on the marker is influenced by the distance
indicator and the amount of light intensity [12]. Currently, the marker-based tracking method is not yet known
about the distance and effective light intensity based on the type of smartphone used [13]. Therefore, in this
study, an analysis will be carried out on the effect of distance and light intensity on the success of bringing up
virtual objects that will be tested using several types of smartphones. In this application, this research will apply
sorting algorithm learning materials because the sorting algorithm is a sorting algorithm that sorts a collection of
data elements into a specific order based on the value of each element [14,15]. This makes the sorting algorithm
easier to apply in the form of a 3-dimensional visual model because it only requires elements that have random
values which will then be animated from these random elements into the actual order of the values of each
element based on a predetermined way from different types of sorting algorithms [16].

AR technology is growing rapidly because it provides a new experience in delivering information [17]. Through
the development of increasingly sophisticated technology among children as well as among the productive age,
providing education is getting easier, wrong the other is through Augmented Reality (AR) technology [18,19].
Augmented reality based on the tracking method or tracking on the marker is influenced by distance indicators
and the amount of light intensity. Currently, the marker-based tracking method is not yet known about the
distance and effective light intensity based on the type of smartphone device used [20]. Therefore, in this study,
an analysis will be carried out on the effect of distance and light intensity on the success of bringing up virtual
objects which will be tested using several types of smartphones.
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2 Literature study

The method that can be applied to augmented reality is the marker based tracking method by utilizing a marker
which is a square black and white illustration with a thick black border and a white background. Marker based
tracking is an augmented reality method that uses markers or two-dimensional object markers that have a certain
pattern which will then be read by a computer via a webcam or camera connected to a computer [11]. The
computer will recognize the position of the orientation of the marker and create a 3-dimensional shape with the
X, Y and Z axes. The marker based tracking method has long been developed for use as a method in augmented
reality.

Light intensity is a physical quantity to measure the power emitted by a light source at a certain angle unit
direction. In a study conducted by Budiman regarding the effect of lighting characteristics on tracking an object
in a closed space in a mobile augmented reality application, the light produced by several different colors of
lights with the same power turned out to produce different light intensities. The smaller the received light
intensity value means the light emitted by the lamp is getting dimmer [12].

3 Methodology

One method that can be applied to augmented reality is the marker-based tracking method by utilizing a marker
which is a black and white square illustration with a thick black border and white background. Marker-based
tracking is an augmented reality method that uses a marker or a two-dimensional object marker that has a certain
pattern which will then be read by the computer via webcam media or a camera connected to a computer. The
computer will recognize the orientation position of the marker and create a 3-dimensional shape with the X, Y,
and Z axes. The marker-based tracking method has long been developed for use as a method in augmented
reality. In displaying 3-dimensional visual objects using the marker-based tracking method through the
smartphone camera, the application will recognize the registered marker to display 3-dimensional visual objects
on the smartphone camera. A visual description of the marker-based tracking method can be seen in Fig. 1.

Marker recognition
and visualization

Fig. 1. Stages in the Marker-Based Tracking Method

Luminous intensity is a basic physical quantity to measure the power emitted by a light source in the direction of
a certain unit angle [21]. In a study conducted by Kumar regarding the effect of the characteristics of lighting on
tracking an object in a closed space in the application of mobile augmented reality light produced by several
different colors of lamps with the same power turns out to produce different light intensities. The smaller the
value of the light intensity received means the light emitted by the lamp is getting dimmer [22].

60



Hendrawan and Istiono; J. Adv. Math. Com. Sci., vol. 38, no. 2, pp. 58-70, 2023; Article no.JAMCS.95919

The application starts displaying a start page containing a menu list of applications consisting of each algorithm,
namely the bubble sort algorithm, selection sort algorithm, and insertion sort algorithm. When one of the menu
lists is selected, the application will access the camera smartphone if the marker of one of the selected
algorithms is visible on the camera, the smartphone screen will display a 3-dimensional object based on the
shape of the marker and the previously selected menu option. When accessing the smartphone camera there is a
back button to return the screen display to the home page where there are several choices of the sort algorithm.
The flowchart in Fig. 2 is a flowchart of the entire programming algorithm learning application using augmented
reality with the marker-based tracking method.

Homepage
View

Displaymg 3.

Obyects Bubble Sort

Open

Camena

Displaying 3-
dimensional
Obygects Insertion Sort

i

OpenSmartphone Yes Displaymg
dhny 1
i Objects Selecticn Sort

Fig. 2. Application Flowchart

The flowchart has also presented how the marker-based tracking method works, namely by accessing the
smartphone camera and if the marker from the selected algorithm learning card is detected by the camera, the
screen smartphone will display a 3-dimensional object based on where the marker is located. In developing a
programming algorithm learning application using augmented reality with the marker-based tracking method
using Unity with the Vuforia engine the development requires a license manager as a condition to using the
Vuforia engine to create augmented reality applications on Unity.

In this study, the learning card media will be used as a medium that provides information about the sorting
algorithm, which consists of the bubble sort, selection sort, and insertion sort algorithms, along with different
markers on each algorithm used for detection to display augmented reality from the smartphone camera. Using
the learning card media in this study will make it easier for researchers to evaluate programming algorithm
learning applications using augmented reality with the marker-based tracking method on physical media because
each learning card image represents an algorithm that has an explanation along with the marker respectively.
Study cards were made using Adobe Photoshop with a sci-fi-themed design related to technology according to
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the content of the learning card, namely explanations and markers of programming algorithms. The following is
an illustration of the design of the study card that has been designed, which can be seen in Fig. 3.

Fig. 3. Study Card Design

Each algorithm that shown in Fig. 3, has its 3-dimensional object arrangement along with different animations,
where each card will present the sorting algorithm such as bubble sort, selection sort, and insertion sort
algorithms. In the process of making 3-dimensional objects using the software Blender along with animations
which will later be exported into Unity and used as 3-dimensional objects that will appear in augmented reality.
Each algorithm has a different animation in Blender the animation is determined based on the keyframe where
each object movement will be recorded based on a certain time.

The shape of the 3-dimensional model is made in the form of a cube with numbers on each side so that when
displayed in the 3-dimensional form in augmented reality, users can see the numbers on the cube from all sides
of the camera angle smartphone and on the animated 3-dimensional cube object that If it is moved it will turn
yellow so that the user can pay more attention to every movement animation.

Thorough testing will be carried out after the manufacture and implementation of the application have been
completed. Tests will be carried out to prove the answers to the problems written in this study. Problems related
to the creation and user experience of programming algorithm learning applications using augmented reality
using the marker-based tracking method, and testing the method based on distance and light intensity. The
smartphone device, variable indicator, sub-variable, and measurement scale used can be seen in Table 1.

Table 1. Variable Indicator For Measurement Scale

Device Indicator Sub Indicator Variable Measurement
smartphone Variable Scale
Brand Type & Distance Detection 1. Detection on 2cm distance cm

. Detection on 5¢cm distance
. Detection on 10cm distance

1
specification 2
3
4. Detection on 30cm distance
5
6
7
1

camera smartphone

. Detection on 50cm distance
. Detection on 100cm distance
. Detection on 300cm distance

Intensity Light . Source of sunlight IHlumination
2. The light source is based on the color of Intensity (lux)
the lamp, namely yellow, red, blue and bright
white

The test is carried out using a marker found on the study card with a different pattern image on each algorithm
for the marker-based tracking method by testing on different devices, distances, and light intensity according to
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the variable indicators then the application will A trial was conducted on several users to assess the level of
satisfaction when learning programming algorithms using augmented reality in the application and the rating
will be measured based on the USE questionnaire and a Likert scale. System testing is also carried out using the
black-box testing method to test the applications that have been designed and built which will then be carried
out using the black-box testing method to test the requirements specification of the system which includes
testing of functionality and suitability of the flow of the application. The minimum number of questionnaire
respondents required in testing the level of user satisfaction is conducted not only on the population but also on
respondents outside the research target and only 30 respondents are sufficient.

After the process of testing and comparison has been completed, the data from the test results will be concluded
to formulate the results research conclusions. With the results of these conclusions, an evaluation of the research
results can be carried out. After the conclusion and evaluation process has been completed, the next process will
do the documentation step, where all forms of work will be documented in a manner appropriate to the relevant
stages. All forms of documentation can be in the form of research photos, screenshots from the smartphone, and
results from research evaluations.

4 Implementation

The application of augmented reality for programming algorithm learning applications using the marker-based
tracking method will be implemented using Unity with the Vuforia engine. Previously, at the design stage, the
license was created as a condition for using the Vuforia engine on Unity and the database which contained the
image target marker from each sort algorithm consisting of the algorithm. Bubble sort, selection sort, and
insertion sort.

In each scene file that implements the augmented reality sort algorithm in the hierarchy section, a file from the
Vuforia engine will be created, namely the ARCamera file which functions to access the camera from the device
or smartphone which will be used and the ImageTarget file which is used to implement the marker image from
the database. In the ImageTarget file in the hierarchy section of the three scene files, each sort algorithm has a
different marker image according to the sort algorithm that will be implemented in the file the scene. Fig. 4
shows the implementation of the marker image from the ARTest database in the scene sort algorithm.

v Image Target Behaviour (Script)

Download new Vuforia Engine version: 10.6.3

From Database
ARTest
BubbleSort
SelectionSort
Advanced InsertionSort
v BubbleSort

B} v Default Trackable E

Consider target as visible if its status is

Fig. 4. Implementation of marker images from database in Unity

After finishing applying the license and database on Unity and implementing marker images from the database
on each file scene of the sort algorithm. The next process is to implement the created 3-dimensional object for
each file scene sort by importing the created 3-dimensional file in FBX format into Unity and then placing it in
the hierarchy section of the file ImageTarget. After all the implementation and implementation processes are
complete, the next step will be to run the program file that will use the camera on the laptop and the study card
which will be displayed on the smartphone screen for a while before entering the testing phase of the augmented
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reality of each algorithm on the marker on the study card. The implementation of augmented reality has been
successfully carried out, it can be seen in Fig. 5.

Fig. 5. Augmented Reality implementation result

After all the implementation and implementation processes are complete, the next step will be to run the
program file that will use the camera on the laptop and the study card which will be displayed on the
smartphone screen for a while before entering the testing phase of the augmented reality of each

5 Results and discussion

The system testing process with black-box testing is carried out after the interface design and augmented reality
implementation process is complete, which means that after the application has been built, the system is tested
using the black-box method to ensure the specifications of the system are met, and the function flow of the
application is appropriate with the initial plan. System testing is carried out by the examiner and is divided into
three parts, namely testing when detecting markers and displaying animated 3-dimensional visual objects on the
bubble sort, selection sort, and insertion sort algorithms. The following test results using black-box testing can
be seen in Table 2. Testing the Marker-Based Tracking Method.

Table 2. Application testing result with black-box testing

Description Input Expected Output Result
The application can open Pressing the bubble sort button  Accessing and opening the Success
the smartphone camera on the menu on the app start camera on a smartphone
when one of the sorting page
algorithm menus is
selected
Pressing the selection sort Access and open the camera
button on the menu on the page  on the smartphone. Success
start of application.
Pressing the insertion sort Access and open the camera
button on the menu on the page  on the smartphone. Success
application start.
Applications can perform The camera detects a marker Applications can display 3- Success
augmented reality that has been programmed dimensional animated objects
functions with detects according to the pattern from bubble sort attached to
markers and generates 3- imagemarker of algorithm marker images on learning
dimensional animated bubble sort. cards according to the
objects based on the algorithm the bubble sort.
selected sorting algorithm
menu.
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Description Input Expected Output Result
The camera detects a marker The application can display 3-  Success
that has been programmed dimensional animation objects
according to the pattern from selection sort attached to
imagemarker of algorithm the marker image on the study
selection sort. card that matches the selection

sort algorithm.
The camera detects markers that ~ Applications can display 3- Success
have been programmed dimensional animation objects
accordingly with a marker from insertion sort that are
pattern image from the insertion  attached to the marker image
sort algorithm. on the study card that matches

the insertion sort algorithm.

In testing the marker-based tracking method of programming algorithm learning applications using augmented
reality, which has been designed and built, it will be carried out using learning cards that have been designed
with marker images and an explanation of each algorithm. The textit sort consists of three study cards: bubble
sort, selection sort, and insertion sort. The test will be carried out by running the application on the smartphone
Vivo v15 by selecting each menu option on the home page to test the marker on each algorithm by accessing the
camera and directing the smartphone toward the marker, then generating a 3-dimensional object on the marker
according to each algorithm. The marker-based tracking method experimental results can be seen in Fig. 6.

Fig. 6. Marker-Based Tracking on Bubble Sort, Selection Sort and Insertion Sort Algorithm

The results of the marker-based tracking method have been successfully carried out; this can be seen in Fig. 7,
where the 3-dimensional animations on each algorithm sort in place of the marker position can be animated on
the study card.

The distance and intensity of light when detecting markers to bring up 3-dimensional objects will be tested. The
test was carried out using three different smartphone devices: iPhone 13, Vivo V15, and Samsung Galaxy J5.
The reason why using three different types of smartphone devices is that each smartphone of the iPhone 13,
Vivo V15, and Samsung Galaxy J5 has different camera specifications when shooting video. The specifications
of the three types of smartphone devices on the iPhone 13, Vivo V15, and Samsung Galaxy J5 can be seen in
Fig. 7.

Fig. 8 shows the specifications of the smartphone; from Fig. 8, it can be concluded that the smartphone iPhone
is in first place, the Vivo v15 is in second place, and the Samsung Galaxy J5 is in third place based on the
quality of the camera when taking pictures and videos and features available on a smartphone camera. Testing
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the distance and light intensity in the application uses three types of smartphones which will be tested whether
different smartphone camera specifications will affect the detection of augmented reality against a marker on the
distance and light intensity scale certain. The tools used to measure the distance and light intensity in the
application are the lux meter which is a tool to measure the light intensity and the meter that will be used to
measure the distance between the learning cards containing marker and the smartphone when running the
application when it detects marker to bring up a 3-dimensional object on the marker. The description of the tools
used in testing the distance and light intensity can be seen in Fig. 8.

Apple iPhone 13 —

MAIN Dual 12 MP, /1.6, 26mm (wide), 1.7um, dual pixel PDAF, sensor-shift OIS
CAMERA 12 MP, f/2.4, 120°, 13mm (ultrawide)

Features Dual-LED dual-tone flash, HDR (photo/panorama)

Video 4K@24/30/60fps, 1080p@30/60/120/240fps, HDR, Dolby Vision HDR (up to

60fps), stereo sound rec.

Vs

MAIN Triple 24 MP, 1/1.8, 1/2.8", 1.12pum, Dual Pixel PDAF
CAMERA 8 MP, /2.2, 13mm (ultrawide), 1/4.0", 1.12um
5 MP, f/2.4, (depth)
Features LED flash, HDR, panorama
Video 1080p@30fps

MAIN Single 13 MP, 1/1.9, 28mm (wide), AF
CAMERA  Features LED flash
Video 1080p@30fps

Fig. 7. Smartphone Specification as Test Tool

Fig. 8. Instruments for Measuring Distance and Light Intensity

In the next stage, a test will be carried out using a variable indicator for the measurement scale, namely the
distance to the intensity of light consisting of a source of sunlight, yellow light, red light, blue light, and white
light. Each different color in the light will affect the amount of light intensity which will later be measured using
a lux meter, and the distance between the learning card and the smartphone using a meter. In the end, it will be
concluded from the test results of each smartphone device on all indicators of the measurement scale variable,
namely distance and light intensity in graphic form, and an explanation of the results of the conclusion from the
results of the distance and light intensity test will be given in the application. In the tests that have been carried
out regarding the distance and light intensity trials on three smartphones with variable distance and light
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intensity indicators to determine the effect of detection distance and light intensity on the success of the marker-
based tracking method in bringing up 3-dimensional objects, it can be seen in Fig. 9.

Distance and Light Intensity Test Results

180
163 158
140 145

120
124

127
100 5
60
40
| Wl
, HEE RER HgR CEE RE
23 lux 192 lux

1620 lux 586 lux 457 lux 2 2

1620 lux 586 lux |497 lux |223 lux |192 lux
Distance min iphone 13 10 10 10 10 10
~ Distancemin vivo V15 10 10 10 10 10
Distance min samsung galaxy J5 12 12 12 15 15
Distance max iphone 13 163 158 149 127 124
Distance max vivo V15 112 106 102 73 68
Distance max samsung galaxy J5 61 44 42 38 34

Fig. 9. Distance and Light Intensity Test Result

From the graph of the test results in Fig. 9, the data results that can be translated into several important points
related to the results of testing the effect of distance and light intensity on the marker-based tracking method in
programming learning applications using augmented reality are as follows:

1. In the application's success in generating 3-dimensional objects, there is an ideal distance for the three
smartphones categorized as a minimum distance and a maximum distance. Distance influences the success
of the system in generating 3-dimensional objects. The results for the minimum and maximum distances in
the marker-based tracking method with the lowest minimum distance is 10 cm and the highest maximum
distance obtained is 163 cm.

2. In the lowest light intensity condition, namely 192 lux in blue light, and the highest light intensity with
1620 lux in sunlight, the marker-based tracking method can work well despite the addition of the minimum
distance and reduction of maximum distance when the amount of light intensity decreases.

3. The third smartphone has a different detection distance depending on the specifications of the camera you
have and the amount of light intensity.

In testing the user satisfaction level of the programming algorithm learning application using augmented reality
with the marker-based tracking method. Testing the level of user satisfaction will use Google form media and
users can use the application by downloading it via the Google Drive link provided in the Google drive
description. Inside the Google drive link, there are two folders containing applications for android and iOS in
each folder. The questions given were 27 questions. The questions in the questionnaire refer to the use
questionnaire package. The purpose of filling out the questionnaire is to find out about user satisfaction with the
application of learning programming algorithms using augmented reality with the marker-based tracking method
that has been used.

This application has been tested on users, and 36 respondents have filled out the questionnaire. In calculating the

percentage will be calculated using a Likert scale with each answer to the question; the average percentage value
of the answers will be calculated using the Likert scale formula than from the final measurement result the
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formula will be measured based on the interpretation criteria of the score on the Likert scale to assess the level
of satisfaction user.

Application trials are carried out by users where the application is downloaded via the Google Drive link
provided in the questionnaire description. Questionnaires were distributed through social media such as
Instagram, Facebook, Line, and Whatsapp, as well as direct testing of the application and filling out the
questionnaire by approaching the closest person to the researcher. From the results of filling out the
questionnaire, most of those who filled out were 86.1% students, 8.3% workers, and 5.6% school students.
Below is the process of calculating the score for each point on the application usability aspect (usefulness), user
satisfaction aspect (satisfaction), and ease of use aspect (ease of learning). Based on questionnaires distributed
from 36 user respondents, a percentage above 80% on each question asked, states the application is very
effective from the overall usability aspect of the application, the satisfaction aspect of users, and aspects of user
convenience.

6 Conclusion

Based on the research that has been done, it can be concluded that the programming algorithm learning
application using augmented reality with the marker-based tracking method has been designed and built. The
implementation carried out in the development of the application is the implementation of the application
interface design and the implementation of augmented reality using Unity with the Vuforia engine as well as 3D
animation objects created using software Blender and study cards designed using Adobe Photoshop as assets
used in the implementation of programming algorithm learning applications using augmented reality. The
system testing results with the black-box testing method gave satisfactory results with the suitability of the
success category output for each scenario in the application test.

The marker-based tracking method in the application has been successfully tested by testing the application
using a marker on study cards and has succeeded in displaying different 3-dimensional visual objects based on
each sorting algorithm, namely the sorting algorithm; bubble sort, selection sort, and insertion sort. Testing was
also carried out on the marker-based tracking method using the distance and intensity of light when displaying
3-dimensional objects with variable indicators that have been designed and carried out using three smartphones
with different specifications. The lowest light intensity is 192 lux, and the highest light intensity is 1620 lux as
for the results at the minimum and maximum distance when displaying 3-dimensional objects using the marker-
based tracking method with the lowest minimum distance is 10 cm and for the highest maximum distance
obtained is 163 cm. The lower the light intensity, the lower the camera specification smartphone, and the farther
the detection distance of the smartphone will affect the minimum and maximum distance in detecting markers to
bring up 3-dimensional objects in the application.

To complete the research, the marker-based tracking method used in the application of learning programming
algorithms using augmented reality is also tested for user satisfaction levels. The metrics are measured using the
USE Questionnaire with 3 factors in measuring usability according to 1SO, namely efficiency, effectiveness, and
satisfaction, and using the Likert scale as the measurement scale of the questionnaire results. Based on the
questionnaires distributed from 36 respondents, users get percentage results above 80% on each question asked,
which states the application is very effective in all aspects of application usability, user satisfaction, and user
convenience aspects
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