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ABSTRACT

Increasingly developing technology causes the need for more
interactive and interesting learning methods to increase.
Therefore, this research was carried out to provide step by
step how to develop Augmented Reality (AR) applications
using Unity and Vuforia Engine. The Research and
Development method was used in this research to document
each step in the AR application development process in Unity
with the Vuforia Engine. Apart from that, bibliometric
analysis was carried out in this research to determine
research trends regarding AR. Selecting the Unity application
and Vuforia Engine made it easier to develop AR applications
because the steps involved are not too complicated and
many features can be accessed for free. Based on the results
of bibliometric analysis, publications regarding AR are
increasing every year, especially during the 2014-2024
period, with the peak of publications occurring in 2023,
reaching 6,835 publications. This research can help
educators in creating innovative and creative learning media,
especially by utilizing AR technology.
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1. INTRODUCTION

In the digital era, which is increasingly developing rapidly, Augmented Reality (AR) has
become a technology that has great potential in the field of education, especially
in elementary schools (Syahril et al., 2023). AR technology allows combining the real world
with interactive digital elements, thereby creating a more interesting and contextual learning
experience (Wu et al., 2013). One of the main challenges, especially in elementary education,
is conveying abstract concepts, such as algorithms, to students in a way that is easy to
understand. Algorithms, as the core of programming and computational logic, are often
considered difficult by novice students because of their abstract and theoretical nature. Thus,
AR can be an innovative solution for presenting algorithm concepts visually and interactively,
which is expected to simplify the learning process.

The use of AR technology in education has received great attention in recent years.
Previous research shows that AR is not only able to improve students' understanding of
concepts but also motivates them to learn in a more active and in-depth way (Kuswinardi et
al., 2023; Hadi & Zahrani, 2024; Saputra & Lorena, 2021; Budiman, 2016; Bacca et al., 2018).
AR in programming classes can improve students' cognitive abilities through immersive and
participatory learning experiences (Lin & Chen, 2020). This finding is supported by research
by del Cerro Velazquez & Morales Méndez (2021) which shows that AR is effective in helping
students understand abstract concepts in mathematics and science through interactive
simulations. However, these studies generally do not touch much on basic algorithm learning,
especially those tailored to the needs of novice students. This is where AR developed through
Unity and the Vuforia Engine has the potential to offer a new approach to teaching algorithms
through step-by-step simulations that students can follow.

For this reason, this research offers novelty by developing an AR application based on Unity
and Vuforia Engine which is specifically designed for basic algorithm learning. Unity and
Vuforia Engine were chosen because of their high flexibility and compatibility, making it
possible to create AR applications that are interactive and easily accessible by various devices.
Through this application, students can visualize basic algorithm concepts such as loops,
conditions, and logic, which are often difficult to understand only through text or image
explanations.

Therefore, the main objective of this research is to design a step-by-step Augmented
Reality (AR) application using Unity and Vuforia Engine which functions as an interactive
learning medium in teaching basic algorithm concepts. The expected impact of this research
is not only limited to creating Android-based AR applications but also to a broader
contribution to the world of education. It is hoped that the development of this application
can help educators create innovative and creative learning media, especially by utilizing AR
technology. Thus, this research has the potential to provide a relevant contribution to the
development of educational technology that is innovative, responsive, and supports student
needs in the digital era.

2. METHODS

The method used in this research is the Research and Development (R&D) method. This
method is used because it makes it possible to develop AR applications and document each
step in the AR application development process in Unity with Vuforia Engine.

Bibliometric analysis was also carried out in this research to determine trends in
augmented reality research over the last 10 years, namely during the 2014-2024 period.
"Augmented Reality" is used as a search keyword for article data in this research. The Scopus
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database is used as a tool to collect articles. The article data used are articles of the type of
Conference proceedings, journals, book series, books, and trade journals.

3. RESULTS AND DISCUSSION

Augmented Reality (AR) is a technology that combines digital elements such as images,
sound, and other sensory data into the real world in real-time (Carmigniani et al., 2011). AR
technology allows users to see the surrounding environment with additional information or
virtual objects generated by computers (Arena et al., 2022). Android applications that apply
AR technology can be created using Unity with Vuforia Engine. In this research, we discuss
step by step how to create an AR application in Unity with the Vuforia Engine, starting from
the installation stage to the build stage.

3.2. Research Trends on The Topic of Augmented Reality

Figure 1 shows the trend of article publications related to the topic of Augmented Reality
(AR) in the 2014-2024 period. Based on Figure 1, research on AR has increased significantly
every year. The peak of this research occurred in 2023, with 6,835 Scopus-indexed documents
published. In 2024, the number of publications regarding AR decreased, which is likely due to
the data collection time which was carried out in November 2024. Therefore, the number of
publications in 2024 still has the potential to increase.
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Figure 1. Publication trends on augmented reality topics for the 2014-2024 period.

The increase in research on AR can be caused by the increasing development of technology
in everyday life (Zonneveld et al., 2020). Apart from that, the increase in the number of
publications regarding AR is also driven by the great potential that this technology has in
various fields, such as education. The use of AR technology in education has been widely
implemented (Nikimaleki & Rahimi, 2022; Hidayat et al., 2021, Fakhrudin et al., 2017). For
example, AR technology in education is used as a tool to teach abstract material. Thus, it is
easier for students to understand (Hafizah, 2023; Fitria, 2023). AR allows combining the real
world with interactive digital elements, creating a richer and more immersive user
experience. Technological advances and increased accessibility of AR-enabled hardware, such
as smartphones and AR glasses, are driving the growth of research in this area.
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3.1. Vuforia Engine Setting

Before we enter Unity, it is a good idea to prepare a database and several marker images
that will be used for the AR application. The following are the steps to create an AR application
marker card in Vuforia.

(i) Install Vuforia Engine SDK via the link https://developer.vuforia.com. After installing,
create a Vuforia account first as shown in Figure 2. When finished, we can log in using the
previously registered account, as shown in Figure 3.

Register for a Vuforia Developer Account

With an account you can download development tools, get
license keys, and participate in the Vuforia community.

00K Indonesia
ox@dgmail.com JO00O00K

™

Vv imectarcect oo
PO
By T

| agree L0 the Lerms of the Vulona Developer Agreement,

° | acknowledge (lul " ry pesurul details will be processed in
accordance with 7 rivacy policy and may be used for marketing
pucposes by PTC ln( |ls s.ubxduna and members of the PTC Pariner

Network, solely for the promotion of PTC's products and associated
services.
Create account

Figure 2. Create a Vuforia account

Login

Login with your Vuforia developer account to download software,

get license keys and participate in the Vuforia community.

Email Address
XXXXXXx@gmail.com

Not Registered? Create account now

Password
sesnesee

Forgot password?

Figure 3. Login to the Vuforia engine.

DOI: http://dx.doi.org/10. 17509/XXXX.XXXX
p- ISSN 2776-6101 e- ISSN 2776-6152



http://dx.doi.org/10.%2017509/xxxx.xxxx
https://developer.vuforia.com/

193 | Indonesian Journal of Teaching in Science, Volume 4 Issue 2 September 2024 Hal 189-204

(ii) Create a new database in Vuforia by going to Target Manager - Generate Database - enter
the database name - Generate as shown in Figure 4. Once successful, the created
database appears on the Target Manager page as presented in Figure 5.

Generate Database

Figure 4. Create a new database in Vuforia.

Target Manager

Use the Target Manager to create and manage databases and targets.

Search

Database Type Targets Date Modified

L]

]

I Project Device 0 Oct 31, 2024 | | I

Figure 5. Create database success.

(iii) After successfully creating a new database, we can upload the marker image that we
created previously by entering the database and selecting "add target." After that, upload
the marker image that has been created, enter the width (example: 1), select the marker
name, and click "add" as shown in Figure 6. If successful, the display that appears is shown
in Figure 7. It is recommended to create a marker AR and choose striking colors. Thus, it
is easy for the system to read, such as green, yellow, blue, etc.

Add Target

Type:

q

File:

Multi

ChooseFile  PLD. PENSIATAH.png.
g or png (max file 2mt)

e st be unique (o & database. When & Larget is detected inyour application, Lhis
will e reponed in the APL.

=33

Figure 6. Create marker
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Targets (2)

o

Image Target Name Type Rating Status v Date Modified
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pemnjuk mage Active Sep 28, 2024

22 simbol_flowchart mage Active Aug 27,2024

Figure 7. Create marker success.

(iv) If you have done the previous steps, you can start downloading all the marker images
created by clicking "Download Database" as shown in Figure 8.

Targets (2)

Add Target Download Database (2)

Image Target Name Type Rating SEtus v Date Modified
’__ petunjuk Image Active Sep 28, 2024
I:i:—-| simbol_flowchart Image Active Aug 27, 2024

Figure 8. Download the Vuforia database.

3.3. Unity Application Setting

After finishing creating markers in Vuforia, we can continue creating AR applications in
Unity. The steps to create an AR application in Unity are as follows:
(i) Install the Unity application via the official website or the Ilink
https://unity.com/download.
(ii) Open the installed Unity application, then create a new project as shown in Figure 9.
Select 3D (Built-in Render Pipeline) and change the project name according to the project
you want to create. In the final step, click "Create Project".

All templates

Core
20 (Built-In Render Pipeline)

3D (Built-In Render Pipeline)

Core

T

3D (Built-In Render Pipeline)

Universal 2D

Core

Universal 3D
Core

High Definition 3D

Cancel Create project

Figure 9. Create a new project in unity.
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(iii) Import the Vuforia Engine package into Unity by clicking “Select Asset - Import Package -
Custom Package.” After that, navigate to the path to the Vuforia Engine SDK package that
was downloaded previously, as shown in Figure 10 and Figure 11. When finished, click
"Open," and the display seems in Figure 12. After the display appears as in Figure 12, click
“Import” to continue the import process, and wait until the process is complete.

® Ujicoba 2 - SampleScene - Android - Unity 2022.3 431

File Edit Assets GameQbjest Compenent  Services Window Help
Create
Show in Explones
Opeen

Alt+ el C

Import Mew Asset—.

Import Package

Export Package...
[Fand References | Prapect

Select Dependencies

Refresh

Resmport 4ll

Update UXML Scherna

Generate Lighting Ctrl+Shift+L
Open CF Project
Wiesw in Impart Activity Window

Seed KR Input Bindings

Properse...

® Import package ...
& =23 v 4 L 3 Downloads »

Organize = Mew folder

% Home

- Gallery

¥ add-wuforia-package-10-27-3 23107202,

Earlier this year
BN Desktop

File name: | add-vuforia-package-10-27-3 > unitypackage

| Open Cancel

Figure 11. Select the Vuforia Engine SDK file that has been downloaded.
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Import Unity Package

Cancel Impon

Figure 12. Import the downloaded Vuforia package

(iv) After the package has been imported, select the Game Object - Vuforia Engine - AR
Camera tab. Don't forget to delete the Main Camera in the Hierarchy, because we use the
AR Camera (see Figure 13).

® Ujicoba_2 - SampleScene - Android - Unity 202234311 <DX11>
File Edit  Assets Component  Services Window Help

AR Camera

Image Target
Multi Target
Cyfinder Target

Cloud Recognition
Create Empty 5 gnii

30 Object
Effects
Light
Audio
Video

U

Barcode
Model Target
VuMark
Geound Plane
Mad Aur

Ares Target

Vufona Engine Session Recorder
U Toolkit
XR

Camers

Visual Scripting Scene Variables

Figure 13. Using AR Camera and Delete Main Camera.

(v) Insert the downloaded Vuforia database into Unity by opening the downloaded database,
as shown in Figure 14.
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Import Unity Package

# Sc
I_ f nart_AR

L |

+
&

+

K

Cancel Import

Figure 14. Import database.

(vi) After that, we can enter the Vuforia license key by opening the Vuforia website
(remember to always log in first). Go to the license menu, then copy the available license
key as shown in Figure 15. This license key is entered into Unity and functions to activate
the Vuforia SDK features in your application. Without a license key, you cannot fully use
the Vuforia SDK.

License Key Usage

Please copy the license key below into your app

ASqB=0T// /[ /ARA R 12T TN E R {MHAHaEZ § = 3uTqTrAS 2 0uaSk 1HE0E T meau INBOT 41 doreDE=Vek Dy £ ST
=

24

Y

EEyDT27 Qe ThlugfTigElEaNa0aC1nl082E

Plan Type: Basic

Status: Active

Created: Aug 27, 2024 16:07

License UUID: 7082852573659482aadee25f67defcb1c

Figure 15. Input the Vuforia license key in Unity.

(vii)  After that, go back to Unity, and select the Game Object - Vuforia Engine - Image
Target tab, as shown in Figure 16. In the Inspector panel, under Image Target Behavior,
select Type, then select From Database and click Add Target, as shown in Figure 17.
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Ground Plane

Mid Air
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Camera
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0 Inspector

ImageTargetCube

Tag

Image Target Behaviour (Script @ 3F

¥ Layer Default

¥

Download new Vuforia Engine version: 10.27.3

Add Target

Add Target Repre:

Figure 17. Add target

(viii)

In the Hierarchy pane, click Image Target. Next, in the database, select the database

and target image that we have registered, as presented in Figure 18.

Qv 2 & w ¢+ & mv @~

Simbol - Simbol
Flowchart

Figure 18. Target image.

(ix) Enter the license key in Vuforia Configuration by going to the Windows menu, and then
selecting Vuforia Configuration as shown in Figure 19. After that, enter the copied license
key into the license key column as shown in Figure 20.
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e

Panels

Mext Window Ctri+Tab
Previous Window Ctrl+Shift=Tab

Layouts »

Unity Version Control
Vuferia Configuratien Crl-Shife-V |

Search

Asset Store

Package Manager

Text
TextheshPro

General

Rendering
Animation

Audio

Sequencing
Analysis

Asset Management
Ul Toolkit

Visual Scripting

Figure 19. Open Vuforia configuration.

@ fo t ox:*

Open

Global

Download Vuforia Engine 10.27.3

Leam More

Open Library Article

Figure 20. Copy the Vuforia license key in Unity.

(x) Add objects that will be displayed on the AR camera. We can get objects from Unity by
clicking the Game Object - 3D Object tab, andthen selecting the desired obiject.
Alternatively, we can also search for objects by extension. unitypackage on Google, as
shown in Figure 21. In this example, we insert a 3D object in the form of a cube that has
been provided by Unity. Thus, the results are shown in Figure 22.
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Prefab

Create Empty
Create Empty Parent

| 30 Object

Cube

Effects

Light

Audio

Video

u

Vuforis Engine
Ut Toolkit

xR

Camens

Move To View

Align With View

Align View to Selected
Toggle Active State

Properties.

Visual Scripting Scene Variables
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Cylinder

Plane

Quad

Text - TextMeshPro

Legacy >
Ragdoll.
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Tree

Wind Zone

.. | 200

Simbol - Simbol
Flowchart

Figure 22. 3D unity cube object.

(xi) After the object appears, you can adjust the position of the object. Thus, it is directly

above the target image.

3.3. Build Application Setting

After completing creating an AR application in Unity, we can immediately build the
application into Android application format in the following:
(i) Click File - Build Settings as shown in Figure 23. When finished, the resulting display seems

to be in Figure 24.

¥ Ujicoba_2 - SampleScene - Android - Unity 2022.3.43f1* <DX11>

Edit Assets GameObject Component Services Window F
New Scene Ctrl+N
Open Scene Ctrl+0O
Open Recent Scene >
Save Ctrl+S
Save As... Ctrl+Shift+5
Save As Scene Template...
New Project...
Open Project...
Save Project

| Build Settings.. Ctrl+Shift+B
Build And Run Ctrl+B
Exit

Figure 23. Open build settings.
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Add Open Scenes

tImport Overrides

Learn about Unity Build Automation

Build A Build And Run

Figure 24. Open build setting success.

(ii) Activate the scene that has been created, and then select Android because we create an
AR application for the Android platform. Next, click "Build". Make sure you have the
Android SDK installed. The Android SDK can be downloaded via Unity Hub by selecting the
install option, then clicking the gear icon, and selecting "Add Module", as shown in Figure
25. Next, install Android Build Support, and Open JDK, as well as Android SDK and NDK
Tools (see Figure 26).

Hub V3.10.0 is 5
s Restart now Dismiss.

Installs

Installs

Figure 25. Install Android SDK.

Add modules for Unity

Add modules

Figure 26. Install Android build support.
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(iii) In Unity, select Services - General Settings - Player, then set the Minimum API Level to
the Android 12 version or adjust it to the Android version of your smartphone, as shown
in Figure 27.

Figure 27. Android version settings.

(iv) After that, return to the File menu - Build Settings - Android, then select Build. The output
of the build process produces a file with the extension ".apk", as shown in Figure 28.

Name
B .vscode
B Assets
B Library
=) Logs
B Packages
B ProjectSettings
8 QcAr

B UserSettings

I Ujicoba2.apk

Figure 28. Augmented reality application.

(v) If you already have a file in .apk format on your laptop or computer, the final step is to
install the .apk file on your Android phone and you can start using the application you
have created.

4. CONCLUSION

This research aims to provide step by step how to develop Augmented Reality (AR)
applications using Unity and Vuforia Engine. Through a series of systematic and structured
steps, this research succeeded in producing an interactive and educational AR application.
The research results show that developing AR applications using Unity and Vuforia Engine is
an innovative step that can enrich learning methods. Apart from that, this research also
reveals that the number of publications regarding AR is increasing every year, which is due to
increasing interest in AR technology which is proven to be able to create more interesting and
effective learning experiences. It is hoped that further research can explore the potential use
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of AR technology in various fields, not just limited to education. The choice of Unity and
Vuforia Engine has also proven to make the AR application development process easier
because the steps involved are not too complicated and many features can be accessed for
free. Thus, it is hoped that the use of AR technology in education can continue to develop and
provide greater benefits for educators and students.
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