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Abstract—The global crisis problem related to climate change, 

one of the main factors is the accumulation of waste which is 

getting higher every day. One effective way to reduce the 

accumulation of waste is by sorting the waste and recycling the 

waste. However, the waste sorting process in Indonesia is still less 

effective because only 1.4% can be processed and sorted. One of 

the biggest causes is a lack of knowledge regarding the types of 

waste that exist. Based on these problems, the aim of this research 

is: to create augmented reality-based waste sorting educational 

technology which is expected to increase knowledge of types of 

waste and increase environmentally conscious behavior. In 

addition, the ADDIE development model is used for the research 

methods that will be used. This research has successfully built an 

Augmented Reality sorting waste for mobile application and 

received a good rating on SUS questionnaire and consider 

acceptable with average score 84.5 out of 100. 
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I. INTRODUCTION 

In the current era's advancements, it positively impacted the 
improvement of human living standards. However, these 
advancements also caused the global crisis of climate change 
[1]. One of the factors influencing climate change is the ever-
increasing accumulation of waste [2]. This occurs because the 
decomposition process of waste, primarily produces carbon 
dioxide and methane [3], [4]. These gases contribute 
significantly to the greenhouse effect, that is one of the primary 
causes of global warming [5], [6], [7]. Besides environmental 
impacts, plastic waste negatively affects ecosystems and can 
alter soil structure due to physical and chemical processes 
resulting from waste accumulation [8]. Despite the negative 
impacts of waste, the accumulation of waste, particularly plastic 
waste, continues to increase significantly each year [9]. This 
can be observed from the escalating use of plastic materials, 
which increased tenfold from 1% in the 1960s to 10% in 2015 
[10], [11]. 

Waste management issues are global problems that 
occurring in almost every part of the world, including Indonesia 
[12]. This is because Indonesia ranks second in the world for 
waste production [13]. Waste production in Indonesia increases 
annually and is predicted to rise by 2-4% each year if significant 
efforts to reduce waste production are not implemented yet 
[14], [15]. Based on the research regarding the significant 
increase in waste, especially in Indonesia, concludes that efforts 
are needed to curb the growth rate of waste. One effective and 
crucial step in reducing waste accumulation is waste sorting 
[16]. According to research [17], [18], after implementing a 

waste sorting program, clinical waste decreased by 82%, and 
waste management costs were reduced by up to 60%. However, 
waste sorting processes in Indonesia are still ineffective, as only 
about 14% of the 7,000 tons of waste produced can be 
processed and sorted [19], [20]. Surveys also show that most 
people do not sort their waste correctly [21]. A lack of 
knowledge and proper handling are among the reasons for the 
low rates of waste sorting and recycling in Indonesia [22]. 
Waste sorting cannot be solely conducted by the government; 
the community also plays a significant role in the success of 
waste sorting education [23], which can save time and costs in 
the process [24]. 

Based on the problem about sorting waste that explain in the 
background. It can be concluded, that the need for educational 
technology related to waste sorting, particularly in Indonesia, 
according to the types of waste commonly encountered by the 
community is very important. The presence of the educational 
application of sorting garbage considered to help increase 
environmental awareness, especially regarding waste types, 
among the public. Additionally, it can educate users on 
identifying the types of waste that need to be sorted. Therefore, 
one solution to this problem is educating the public about the 
types of waste. This approach is considered effective because, 
according to study [25], educational processes have the 
potential to change public behavior. Furthermore, technology is 
utilized as it can effectively alter public behavior [26]. The use 
of games is one of the frequently used technologies today, with 
over one billion users [7]. Many previous studies on games 
have focused on negative impacts, including increased 
aggression, addiction to games, and difficulties in managing 
playtime [27], [28], [29]. However, in recent years, 
gamification has provided many positive impacts, such as 
enhancing learning motivation, raising pollution awareness, 
and increasing user engagement and attention as a promotional 
medium [30], [31], [32]. Apart from that, research on [33] also 
found that games on mobile application have a fairly good level 
of user acceptance. Another study about gamification stated 
that using education game able to help student learning process 
more effective and efficient [34]. The interest level of education 
game also found out in study [35] which stated that user eager 
to play educational games continuously. Based on the 
popularity of games and their positive impacts, this study 
developed an augmented reality (AR) application that contains 
educational content on waste types using gamification 
elements. The objective of this research to bridge gap between 
environmental education and technology. It demonstrates the 
innovative solution through AR able to addressing global 
challenges like waste management. However, the reason about 
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choosing AR technologies compare to others will be discussed 
further in literature review chapter. It followed by the proposed 
methodology, result and discussion, and conclusion and future 
work in each chapter respectively. 

II. LITERATURE REVIEW 

In this research, Augmented Reality (AR) technology was 
chosen because AR brings the 3D world into the real world, 
transforming the dimensions of learning becoming more 
realistic and enhancing brain productivity [36]. Additionally, 
AR provides and effective solution in the learning process [37] 
and according to literature studies [38] it can be concluded that 
AR has a positive contribution to learning outcomes in children. 
Research in study [39] found that AR application able to help 
children to gain their memory about places that located in 
playmate and spell it easily. Other studies [40] shows the 
comparison in group of students between AR based application, 
Video based, and traditional teaching method. The outcome of 
the study concludes that AR based outweighs the other two 
methods in terms of learning achievement through some 
quizzes in the class. Study about AR also discussed in study 
[41], it found that some volunteers said that AR technology help 
them increasing their willingness to study the book, even 
outside the class. 

Beside AR, several studies also describe the importance of 
the presence of gamification elements in learning mobile 
application. Firstly, the development of 2D puzzle game 
application [42] successfully transform learning into an 
engaging learning environment and educated student on proper 
waste sorting methods. It contains several gamification 
concepts, including scoring, and level. Secondly, another study 
[43] developed a 2D waste sorting game that divided trash into 
two types, are organist and inorganic. The research built in 
Unity3D and used gamification elements, namely: level, score, 
time limit, reward, and level. Another study in study [43] that 
use gamification standards also gives positives feedback from 
the user. It stated that above 80% said that thorough the 
application it helps user to understand more about the material. 
According to its successfulness of contributions from users. 
Therefore, this research also takes the gamification into 
consideration while design an AR sorting waste application. 

Study about Mixed Reality (MR) including Virtual Reality 
(VR) and AR about environment and waste sortation already 
conducted. One of the studies about VR game related to waste 
sorting called “KEEPIN” also categorized waste into two types, 
organic and inorganic, the main subject of the application are 
children between aged 7-12 years [44]. The results of the study 
indicated that the majority children responded positively to the 
game and were able to complete the challenges successfully. 
AR has also been developed by study [45] to recycle existing 
waste by scanning barcodes. Mini games of recycling using AR 
has been discussed in study [46], it categorizes waste into three 
types, are: organic, non-organic, and electronic. Besides that, it 

also includes reward point for every correct answer. The 
outcome result of the experiment shows that user gain 
knowledge and improve their attitudes about climate change 
issue according to material presented in AR mobile. According 
to the discussion on several topics about waste sortation, it can 
be concluded that, mostly there are two and three types of 
garbage bin in mobile application development. 

Complementing other studies related to waste, the novelty 
of this research is to create an AR application that categorizes 
waste into seven types: organic waste, paper waste, electronic 
waste, hazardous and toxic waste, plastic waste, metal waste, 
and residual waste [47]. Additionally, the educational 
technology using AR in this study has a wider user reach 
because it can be used not only for children but also for adult. 

However, the gamification function in this study is focused 
on children starting at the age of seven because children can 
more effectively transfer their knowledge to other family 
members [23]. Moreover, the introduction of new information 
related to waste types will be more effective if introduced from 
an early age [43]. According to study [48], children at the age 
of seven are already able to use simple AR applications, making 
this technology relevant for children. 

According to some papers that conduct AR research, it can 
be summarized that VR and AR application for waste sorting 
that contains gamification elements show positive results. 
However, the types of waste that has been developed not 
complete enough. Therefore, this research aims to develop an 
AR application that divide waste into seven types. In terms of 
subject target, this research focus on children based on their 
ability to transfer knowledge within their family and relatives. 
Besides that, it also relevant with their receptiveness to AR 
technology. 

III. METHODOLOGY 

This research uses ADDIE (Analysis, Design, 
Development, Implementation, and Evaluation) development 
model. This method was chosen because based on [49] ADDIE 
is the recommended method that uses in educational or training 
application which able for independent learning. ADDIE model 
which used in this research presented in Fig. 1. The model 
generally has three main process, are pre-production, 
production, and post-production. 

A. Analysis 

In the pre-production process, a needs analysis was carried 
out by identifying types of waste in seven categories which 
were discussed in the literature review to be implemented in the 
AR application using literature studies. Apart from that, 
interviews with users were also carried out, and the types of 
waste that were often found in the surrounding environment 
were obtained, as well as children's ability to operate 
smartphones. 
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Fig. 1. ADDIE research method. 

B. Design 

Design process becoming the second stage that need to be 
done based on ADDIE development. In design of AR 
application, it considered important to have six basics elements 
[50], namely: application users, AR interactions, devices, 
servers, virtual and real content, as well as the process of 
moving between screens that runs well and smoothly. In the AR 
technology design process, researchers used CCI (Child-
Computer Interaction) standards and gamification elements 
including: scoring system, sound, level, animation, large 
picture, and button. This standard is quite important to 
implement, because it combines learning concepts in the mobile 
application design process [48]. Further implementation about 
design application can be seen in Section IV. 

C. Development 

In the production stage, AR technology mainly was 
developed using Unity3D software of game development that 
important to build an interactive interface and experience of VR 
and AR. Besides that, Vuforia SDK also implemented to 
perform AR package that connected with Unit3D. Vuforia SDK 
was chosen based on its ability to recognize markers on all types 
of objects which other platforms do not have [51]. Other tools 
are: Playmaker visual scripting, and Visual Studio (C#) that 

useful to perform scripting code in Unity3D. In this research, 
blender software also used to perform modelling 3D and adding 
animation movement in 3D object.  Detail workflow in the AR 
development process presented in Fig. 2. 

Based on the AR Development process in Fig. 2, describes 
the process of detecting AR started with the smartphone device 
capture the marker using camera. After that, Vuforia SDK that 
equipped with AR camera try to find similar marker in database 
that already uploaded in vuforia website. In this research image 
target marker that used local database (database stored in 
device) has been used. Vuforia SDK will analyse and find 
similarities between image and features in marker. Whenever 
the marker able to detect through devices the render view has 
been sent to the application and display in user mobile 
application. The virtual button option also appeared that useful 
to perform many actions based on logic programming that has 
been written using C# or Playmaker visual scripting. 

The building process of application in APK and AAB 
extensions requires some customization, including: need to 
equipped ARM 64, using target API level 33 on android system, 
and it is necessary setting several input systems on build setting. 
Complete explanation about build setting discussed further in 
Section IV. 

 

Fig. 2. AR development process. 
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D. Implementation 

In the implementation steps, before application deliver to 
the users, it considers necessary to apply several testing 
methods to ensure the application run without any error and 
accepted by users. Therefore, in this research used blackbox 
and System Usabiliy Scale (SUS) testing. The first testing has 
been chosen because its effectiveness and it became one of 
fungsional testing that gives accurate result [5][52]. While the 
latter carried out during testing process, because it used to 
determine the acceptance rate and usability of the system 
according to users [6], [7] [53], [54]. SUS method has been used 
despite other testing because it is one of the most test carried 
out for testing the usability of system and still relevant 
nowadays [6] [53]. SUS question in this research can be seen in 
Table I. It uses the original list of question that published by [7] 
[54]. However, to make it relevant baes on this study the 
question already undergone slight modification. The scoring 
scale in SUS used five degrees of scoring, that start from 1 
(strongly disagree) to 5 (strongly agree) [8] [55]. 

TABLE I. LIST OF SUS QUESTIONNAIRE 

No List of Question 

1 I think that I would like to use this application frequently  

2 I found the application unnecessarily complex 

3 I thought the application was easy to use 

4 I think that I would need the support of a technical person to be able 
to use this application 

5 I found the various functions in this application were well integrated. 

6 I thought there was too much inconsistency in this application 

7 I would imagine that most people would learn to use this application 

very quickly. 

8 I found the application very cumbersome to use 

9 I felt very confident using the application 

10 I needed to learn a lot of things before I could get going with this 

application 

E. Evaluation 

This stage becoming important because it use to improve 
AR technology based on recommendation from users. After 
that the next stage start from the beginning again. It can be seen 
in Fig. 1 that ADDIE method not run only in one phase, it is an 
iteration process. Therefore, the application will become better 
in every phase. 

IV. RESULTS AND DISCUSSION 

According to research method described in section three, 
this AR application was made for children start from seven 
years old. This decision has been made based on discussion on 
literature review and interview from user. Some tools that used 
in this research discussed in chapter three already imported in 
Unity3D. The overview of the project design can be seen in Fig. 
3 and Fig. 4. 

According to Fig. 3, shows that CCI elements need to be 
inputted in AR application as discuss in chapter three in design 
method. Therefore, it already implemented in main menu, such 
as: large picture and button, sound in the application, and 
animation that already made in Unity3D using animation and 
animator tab. Fig. 4 describe the menu of AR in application that 
mainly used Vuforia SDK which used for implementing 
augmented reality that already discussed in chapter three. It can 
be seen from Fig. 4, that AR menu requires AR camera that 
useful to scanning marker and match the marker captured by 
AR with database in devices. 

Some configurations for controlling object and events that 
appears and disappears in AR menu when marker match with 
database already described in Fig. 5. This is useful to prevent 
unwanted objects appear unexpectedly. 

 

Fig. 3. Main menu in Unity3D. 



(IJACSA) International Journal of Advanced Computer Science and Applications, 

Vol. 15, No. 7, 2024 

190 | P a g e  

www.ijacsa.thesai.org 

 

Fig. 4. AR menu in unity3D. 

 

Fig. 5. Event when target found and lost. 

According to Fig. 4, it can be assumed that whenever the 
target found it will display bin “organik” object, while others 
object will remain unactive.  Otherwise, when the target lost it 
will display “panelscan” that contain instruction command to 
capture marker that available using camera. The snipped code 
to control game object which active or not whenever the button 
pressed can be seen in Fig. 6. 

 

Fig. 6. On-off button display. 

Beside AR menu, this application also has quiz menu that 
divided into AR Quiz and Drag and drop quiz that presented in 
Fig. 7 and Fig. 8. The design of quiz menu also follows CCI 
elements that has level of game, scoring system, and simple 
challenge. 

In AR Quiz menu, it will detect the correct answer by 
searching the same name from the multiple choice presented 
and game object that active. According to Fig. 8, there are 18 
questions and the score point will be added in the right top 
corner of the screen. The snippet code about scoring system and 
correct answer can be seen in Fig. 9. 

 

Fig. 7. Drag and drop quiz. 

 

Fig. 8. AR quiz menu. 

 

Fig. 9. Snipped code for AR quiz. 

After the development process are finished, it is necessary 
to perform blackbox testing to prevent error and make sure that 
every function in application run as expected. The result of 
blackbox testing for this application presented in Table II. 

After buildbox testing run successfully without any errors, 
the SUS questionnaire then conducted to make sure that 
application can be useful and easy for user to play. The score 
and answer based on SUS questionnaire that already presented 
in Table I can be seen in Table III. 

According to table three, the average score of obtain 84,5 
that based on Fig. 10 lies on “good” area and the application 
already acceptable for users. 

Based on result of SUS in Table III, it can be seen, that the 
lowest score about 70 that still in a “good” area. Therefore, it 
can be concluded this AR application already acceptable to be 
used for end user. 
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TABLE II. BLACKBOX TESTING 

No Test Class Scenario Testing Expected Result 

 Menu AR Pressing Menu AR Button 
Display Menu AR and if marker capture displayed Object 3D 

and three options: contoh sampah, deskripsi, tips 
Valid 

 Contoh Sampah Pressing Contoh Sampah Button 
Display several items garbage in seven categories based on 
marker that capture 

Valid 

 Deksripsi Pressing deskripsi Button 
Display description of garbage that belongs in each category 

based on marker that capture 
Valid 

 Tips Pressing Tips Button 
Display tips to reduce garbage that belongs in each category 
based on marker that capture 

Valid 

 Bermain Pressing Bermain Button 
Display bermain menu that allows user drag garbage and drop it 

in each bin 
Valid 

 Level 1 in Bermain Menu Finished level 1 
Display level 1 of bermain menu which consists of four types of 
garbage and four times to play 

Valid 

 Level 2 in Bermain Menu Finished level 2 
Display level 2 of bermain menu which consists of five types of 

garbage and three times to play 
Valid 

 Level 3 in Bermain Menu Finished level 3 
Display level 3 of bermain menu which consists of six types of 
garbage and three times to play 

Valid 

 Kuis AR Pressing Kuis AR Button 
Display Kuis AR that allow user to answer the question by 

capturing marker 
Valid 

 Fun Fact Pressing Fun Fact Button Display fun fact menu about sorting waste Valid 

 Exit Pressing Exit Button Display exit menu which allows user to exit from application Valid 

 Sound Pressing Sound Button Enable and disable sound form application Valid 

 About Pressing About Button Display information about application Valid 

TABLE III. RESULT OF SUS QUESTIONNAIRE 

User 
Score Sum Score * 

2.5 Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 

1 3 3 3 3 4 2 3 3 3 2 72,5 

2 3 4 4 1 4 4 4 4 4 2 85 

3 2 4 3 4 3 4 4 4 4 4 90 

4 3 3 3 4 4 3 3 3 4 3 82,5 

5 4 4 4 4 3 4 2 4 2 4 87,5 

6 3 3 3 4 3 3 3 4 3 3 80 

7 3 4 3 1 4 3 4 3 3 1 72,5 

8 4 4 4 4 3 3 4 4 4 3 93 

9 3 3 3 3 4 3 4 3 3 3 80 

10 1 4 3 3 4 4 3 4 4 2 80 

11 4 4 4 4 4 4 4 4 4 2 95 

12 2 1 3 3 3 3 3 4 2 4 70 

13 3 3 3 4 3 4 3 4 4 3 85 

14 4 4 4 4 4 4 4 4 4 2 95 

15 4 3 3 3 4 4 3 4 4 3 88 

16 4 3 3 4 3 4 4 3 2 1 78 

17 4 3 4 3 3 4 3 3 4 2 83 

18 4 2 3 4 4 4 4 3 3 4 87,5 

19 3 4 4 1 4 4 4 4 4 2 85 

20 4 4 4 4 4 4 4 4 4 3 97,5 

21 2 1 3 3 3 3 3 4 2 4 70 

22 4 4 4 4 3 4 2 4 2 4 87,5 

23 3 2 3 1 4 2 2 3 4 1 62,5 

24 4 2 3 4 4 4 4 3 3 4 87,5 

25 4 3 3 3 4 4 3 4 4 3 88 

26 4 3 4 3 4 4 3 4 4 3 90 

27 3 4 4 1 4 4 4 4 4 2 85 

28 4 4 4 4 4 4 4 4 4 3 97,5 

29 4 4 4 4 4 4 4 3 4 4 97,5 

30 3 3 3 4 3 4 3 4 4 3 85 

Average Score 84,5 
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Fig. 10. Range of SUS score. 

V. CONCLUSION AND FUTURE WORK 

Based on the result obtain in chapter four, it can be assumed 
that the objective of this research was successfully achieved, as 
evidence by the development and implementation of AR 
garbage sortation on mobile application. Besides that, the use 
of AR technology has proven to be effective in creating and 
engaging and interactive learning environment. The AR 
application able to transform types of waste into visual 
experience by combine the virtual and real world. This 
visualization making it easier for children to understand and 
remember the different types of waste. 

According to the user acceptance, it concludes that the 
application received positive feedbacks. It can be seen based on 
the average score that obtain average of 84.5 out of 100 that lies 
on “good” category. It is indicated that the application accepted 
and consider user friendly by users. All in all, the novelty of 
this research lies on its comprehensive categories of waste into 
seven types, which more detailed compared to previous studies. 
Additionally, the integration of AR technology alongside with 
gamification elements enhances users learning experience. 
Therefore, the used not only enlarge their knowledge but also 
able to enjoy the application. 

Despite its successfulness, this application has many works 
to do in the future, including addition of types of waste, and fun 
fact. Besides that, the knowledge effect of this AR application 
needs to be tested as well. Furthermore, the extension of 
education content also considers important for the future 
improvements. 
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