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Abstract-Our virtual reality educational game –themed “saving the environment from the dangers of pollutions”– aims 
to help children aged 10-13 years in learning about pollution and its reduction. This game uses smartphone and VR 
Box. This edu game is designed using the SDLC (Software Development Life Cycle) model of the waterfall model. 
Assets contained in this game are obtained from the Unity Asset Store which will simulate learning techniques with 
several educational games. This can be seen as a development from the traditional learning method. Based on a black 
box test, this game runs well on the target device. On the usability test using the System Usability Scale (SUS), this 
game gets a score of 71.58 which is in the “good” criteria.
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1. Introduction

The rapid development of Information Technology 
drives many people to use applications as tools to facilitate 
their daily work, as entertainment gadgets, and even 
educational devices. Utilization of smartphones for use 
in various fields is done by developing applications that 
support activities in that field. The same thing happens 
in the field of education, which uses smartphones as 
learning media [1]. Learning using digital media must 
still pay attention to the curriculum, materials, methods, 
and students’ learning abilities in achieving learning goals 
in school [2].

Learning media always follow the development of 
existing technology, such as 3D animation or science 
fiction films, which make technology more interesting 
and interactive [3]. One particularly popular technology 
right now is virtual reality educational games that are 
loved by children, adolescents, and even adults [4]. Virtual 
reality devices depicts a three dimensional environment 
constructed by computers in such a way that it the 
devices can interact with the users [5]. Our VR-based 
educational game, named “Earth Hero”, makes users feel 
the VR experience by combining gyroscope-equipped 
mobile devices with Google Cardboard and VR Box. VR 
technology is useful in the fields of education, property, 
medicine, transportation, architecture, entertainment, 
etc. [6].

The theme “saving the environment from the dangers 
of pollution” was chosen because many human behavior 
intentionally or unintentionally cause pollution on earth. 
Pollution is a threat that can damage the ecosystem of 
terrestrial and marine life. Air pollution, or changes in the 
composition of the air element from normal conditions, 
can result in changes in temperature and damages to the 
environment [7]. 

The adverse effects of air pollution and water 
pollution for human health cannot be refuted anymore. 
Marine pollution has long been recognized as a threat to 
the growth of marine biota [8]. This educational game, 
called “Earth Hero”, was created to simulate learning 
methods in the classroom related to the environment. It 
is hoped that students will be more aware of the impacts 
and dangers of pollution so they can better maintain the 
cleanliness of the environment and the earth.

2. Method

This study aims to design VR-based educational 
games as learning media for elementary school students 
aged 10 to 13 years, namely grades 4 to 6 elementary 
school. This game was built using the SDLC (Software 
Development Life Cycle) method [9], [10]. The 
system development is done in order, starting from 
the requirement analysis, design, coding, testing, and 
implementation [11]; as shown in Figure 1.
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Figure 1. Flowchart of research system flow

a. Requirement Analysis
Hardware and software requirements needed in 

making the game “Earth Hero” are presented in Table 1.

Table 1. Hardware and Software Needs

Software Hardware

a. Unity
b. Adobe 

Premiere Pro 
CC 2017

c. Corel Draw
d. Notepad ++

a. Laptop ASUS A456U, CPU 
Intel ® Core ™ i5 7200U 
up to 3.1GHz, RAM 4GB, 
HDD 1TB

b. Android OS smartphone 
with gyroscope sensor

c. Virtual Reality Box + Remote

b. Design 

Table 2. Game storyboards

Picture Information

The main menu when 
starting the Edu Game 
“Earth Hero”. (Play, 
Video, Help)

Video scene containing 
educational film about 
pollution

Game 1: Plant trees 
in the surrounding 
environment so that 
the environment is 
cooler and beautiful

Game 2: Clean up trash 
on the streets to reduce 
air pollution

Game 3: Clean up trash 
in the sea, to reduce sea 
pollution

The design stage is an advanced stage after the analysis 
stage where the story board is drawn and various things such 
as assets, music, sound, and video are assembled. Table 2 
shows the storyboard.

c. Coding 
Some code is used to control assets and scenes. Among 

them are codes for movement, movement, up and down, 
and disappearing. The programming language used is C# 
and written using Notepad++ code editor [12].

d. Testing
Testing is the final stage after the application is complete. 

The application is tested to find out if this program can be 
accepted by the user and to ensure that there are no errors in 
the application and there are no difficulties felt by the user 
when playing the game. The test method used is the black 
box test and the reusability test [13].

e. Implementation
The last stage of SDLC is the implementation of 

the game in the hope that the results will be good and in 
accordance with the initial objectives [14]. At this stage there 
was also an observation of the use of the application when 
played by respondents who participated in the test. 

3. Results

This research resulted in an VR-based educational game 
“Earth Hero - Save the Earth from Pollution” that can help 
students learn in an effective and fun way.

a. Game Start Page
The initial appearance of the game is designed with 

3 main buttons, namely the video, play, and help buttons 
which can be seen in Figure 2.

  

Figure 2. Initial Display of the Game

The game’s display of the menu section - when 
viewed using an android smartphone with a gyroscope 
sensor accompanied by special tools - is shown in Figure 3.

  

Figure 3. Menu display when viewed on a smartphone with 
certain capabilities.
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b. Educational Video
Videos are added to present new experiences in learning. 

There are several obstacles in video development. Among 
them are the limited time the teachers have to develop the 
media and the lack of mastery of video editing software [15]. 
To help teachers, relevant educational videos are added in 
this application. When pressing the video button on the start 
menu, one will see a 2 minute video as depicted in Figure 4. 

  

Figure 4. The educational video when playing on a VR-abled 
smartphone

In the video menu display, there is a play button which 
if the reticle pointer is directed for 2 seconds (clicked), will 
bring the player into Game 1. The button can be clicked at 
any time: when finished watching the video, in the middle of 
the video running, or in the beginning of the video.

c. Game 1 
The player is tasked with planting trees around the 

park environment to increase oxygen so that air pollution 
caused by vehicle fumes can be reduced. This game is done 
by players who will walk around the park and find the button 
to plant trees. If the tree has been planted, a pop up will 
appear containing an educational message in the Game 1 
environment as shown in Figures 5, 6, and 7.

Figure 5. Environment of the Game 1

Figure 6. Blue button for planting trees

Figure 7. Trees that have been planted and the 
corresponding pop up.

d. Game 2 
The player is tasked with picking up trash on the 

road so that the road is clean from rubbish and so that soil 
pollution is reduced. When the player passes the trash, the 
player will pick it up and an educational popup appears. 
The game’s Display 2 can be seen in Figures 8 and 9.

  

 Figure 8. Initial entry into Game 2

  

Figure 9. Garbage to be taken in Game 2

e. Game 3
The task of the players in Game 3 is to pick up trash 

from the sea that aims to reduce marine pollution and 
prevent the extinction of the marine ecosystem. When the 
player passes the trash, the player will take it until the sea 
environment is clean.

  

Figure 10. Game Display 3

4. Discussion

a. Application Testing 
Testing is the final stage after the application is 

complete. The user tests whether the application can be 
accepted and to ensure that there are no errors and no 
difficulties felt by the user when running the application. 
Black box testing is carried out on several user interfaces, 
sound, and controls in the game, as well as testing on 
smartphones [16]. The focus of the black box test on the 
main features of the system is done to find functions that 
are not running properly, interface errors, errors in data 
structures and database access, performance errors, and 
initialization / termination errors [17], [18]. Tests was 
carried out using an Android smartphone branded Nougat 
Oppo type F5. The test results show that the “Earth Hero” 
application can run well on the target device.
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b. Usability Test
Usability Test is done by observing the object when 

running the application and recording events when the 
object encounters an error in the application that [19]. 
The test was conducted on 30 elementary school students 
aged 10-13 years by demonstrating the game which is 
played using VR Box and an Android smartphone. The 
assessment system uses the System Usability Scale (SUS), 
which is a questionnaire to measure the usability of a 
computer system according to the user’s subjective point 
of view. SUS was developed by John Brooke since 1986 
and is still often used today. Respondents were asked to 
give an assessment of the system starting from “Strongly 
disagree”, “Disagree”, “Neutral”, “Agree”, and “Strongly 
agree” on the 10 items SUS statement. Each statement 
item has variables R1 through R10 [20] [21]. The overall 
SUS score is obtained from the average individual SUS 
score using the following Equation 1 formula:
         

           (1)

Table 3 is the results of questionnaire data usability 
test using SUS formula calculation with statement criteria:
1 : I love Edu Game Earth Hero so I will play it many 

times.
2 : In my opinion Edu Game Earth Hero is too 

complicated to play.
3 : I think Edu Game Earth Hero is easy to use
4 : I need help from others to play Edu Game Earth 

Hero
5 : I consider Edu Game Earth Hero parts to be played 

well
6 : I think the way to play Edu Game Earth Hero is 

confusing
7 :  I think other people will learn to play Edugame Earth 

Hero very quickly
8 : I consider Edu Game Earth Hero impractical 

(difficult) to play
9 : I feel that I can play Edu Game Earth Hero
10 :  I need to learn a lot to be able to play Edugame Earth 

Hero

Table 3. Calculation results with the SUS formula

Respondent 
Number

Item Question
Total SUS Score 

(Total * 2.5)1 2 3 4 5 6 7 8 9 10

1 3 4 3 3 3 4 3 4 4 3 34 85
2 3 3 4 1 3 3 4 4 4 1 30 75
3 2 0 4 0 3 2 4 1 4 4 24 60
4 4 3 3 4 4 3 3 4 3 2 33 82.5
5 2 2 2 1 2 2 0 2 2 2 17 42.5
6 4 3 2 2 3 2 4 4 3 2 29 72.5
7 1 3 3 1 3 1 3 3 3 1 22 55
8 3 2 3 0 4 4 4 4 4 1 29 72.5
9 4 4 4 4 4 4 4 4 4 4 40 100
10 4 4 4 4 4 4 4 4 4 1 37 92.5
11 4 3 4 3 4 3 4 3 4 0 32 80
12 4 4 2 0 3 3 2 2 3 2 25 62.5
13 2 1 2 1 2 3 1 3 2 0 17 42.5
14 4 4 4 0 4 0 0 4 4 4 28 70
15 3 4 3 2 4 4 2 4 3 2 31 77.5
16 4 4 4 4 4 4 4 4 4 4 40 100
17 2 4 3 2 3 4 2 4 4 4 32 80
18 4 2 3 1 4 1 0 0 0 2 17 42.5
19 4 4 4 3 3 4 4 4 4 0 34 85
20 3 3 2 3 2 3 2 1 3 2 24 60
21 4 4 4 4 4 4 4 4 4 4 40 100
22 2 3 3 3 3 2 3 4 3 2 28 70
23 3 1 2 1 4 3 4 4 3 1 26 65
24 4 3 4 3 4 5 3 4 3 2 35 87.5
25 3 2 3 2 3 2 3 2 2 1 23 57.5
26 2 3 3 1 4 2 4 4 4 2 29 72.5
27 3 2 3 3 4 2 3 3 4 0 27 67.5
28 4 3 3 2 3 3 4 3 3 3 31 77.5
29 3 0 2 1 4 1 2 3 0 0 16 40
30 4 2 4 2 4 2 2 2 4 3 29 72.5

TOTAL 2147.5
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c. Calculation Chart Results Using the SUS Formula
 

Figure 11. Calculation graph with the SUS formula

The formula for calculating the average value using 
Equation (2):

                                     (2)

Where xi is: Respondent Score Value, and N: Number of 
Respondents
The average value = 2147.5 / 30 = 71.58

Calculation of the average value using Equation 2 
yields 71.58. This is within the range of 61 - 80, which 
is “good”.

5. Conclusions

Edu Game based on Virtual Reality “Earth Hero” 
can increase knowledge about environmental pollution in 
students aged 10-13 years. Based on the black box test, 
this educational game can run according to its function. 
And based on the usability test using the SUS calculation 
formula, the game “Earth Hero” gets “good” criteria.
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