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Abstract  

STEM education has received considerable attention in recent years. However, developing valid and reliable assessments in 
interdisciplinary learning in STEM has been a challenge. Therefore, many students ranging from junior high school to 
university students are only familiar with the Internet of Things (IoT) from social media but do not know its concept and 
function in STEM learning. This is also supported by the absence of educational applications about IoT. This research aims to 
introduce IoT by using mobile applications. This research refers to the multimedia development method according. The data 
collection method in this study was carried out by means of observation and interviews randomly to high school students to 

university students. This data collection was carried out using the experimental method of application testing to analyze user 
needs from several aspects such as features, images, and fonts. This research is also supported by the existence of literature 
studies derived from several journals. The results show that the functions in the application can operate as expected. Based on 
the survey results of the application, 75.37% of respondents rated this application in the very good category and gave positive 
responses so that this application could be well received by users 

Keywords: game education; IoT; STEM; game-based learning; aplikasi mobile

1. Introduction  

STEM education (Science, Technology, Engineering, 

and Mathematics), which refers to education in the 

fields of science, technology, engineering, and math [1]. 

STEM education aims to prepare students with the 

skills and knowledge needed to understand and how to 

solve problems, and to compete in an increasingly 

competitive labor market [2]. STEM education also 

focuses on improving students' skills in critical 
thinking, collaboration, and problem solving, using an 

approach based on projects, experiments, and 

innovation [3].  

In addition, IoT or Internet of Things is a concept that 

refers to the connection and interaction between 

electronic devices connected to the internet [4]. IoT 

allows these devices to communicate and share data 

automatically, without involving human interaction [5]. 

In the Design of Mobile-Based IoT Introduction 

Education Game in STEM Learning, IoT is used to 

provide an interactive and interesting learning 
experience for students in STEM (Science, Technology, 

Engineering, and Mathematics) learning. In the game, 

IoT can be used to enable students to understand how 

devices connected to the internet can work together in a 

system [6]. 

In this game, students will learn how to design and 

connect IoT devices in an integrated system, as well as 

understand the basic concepts of how IoT devices work 

and interact with the internet, so as to increase their 

interest and ability in STEM fields, thus increasing 

efficiency and productivity in various fields, such as 

industry, agriculture, education and health [7]. 

In education, IoT can be used to improve the interaction 

between students and their learning environment, as 

well as to improve learning effectiveness [8]. For 

example, by using IoT sensors, students can monitor the 

temperature, humidity, and light levels within their 

science labs, so that they can understand how these 

factors affect the results of experiments. In addition, IoT 

can also be used in programming and robotics learning, 

where students can program IoT devices to perform 

specific tasks [9]. With interactive and fun learning 

experiences, it is expected that students will be more 
interested and motivated to learn STEM concepts, 

which are crucial in facing future challenges [10]. 
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Based on the Indonesian digital literacy index released 

by the Ministry of Communication and Information 

Technology (Kemkominfo) and Katadata Insight 

Center (KIC) in 2021, Indonesia's digital literacy index 

stands at 3.49. The index measures the level of digital 

literacy of Indonesian society in four dimensions, 

namely information literacy, media literacy, technology 

literacy, and data literacy. This digital literacy index 

continues to be improved by the Indonesian government 

through programs in the field of communication and 
information. The figure puts Indonesia in the medium 

category, with an index score of 0 to 5 [11]. 

Based on this, the existence of this IoT educational 

game application can foster knowledge related to IoT 

digitalization and can further increase motivation and 

interest in learning the subject matter, so that students 

can later be more [12]. Therefore, a learning media 

application program based on IoT educational games in 

STEM learning that supports government programs was 

developed. As for some of the material contained 

therein, namely in the form of theories and types related 
to the Internet of Things, as well as an explanation of 

the usefulness of each existing sensor. It is hoped that 

with this, students and the general public can be 

interested in studying information and communication 

technology networks [13].  

With this application, research was conducted in an 

effort to make it easier for teachers and students to be 

more effective and easy to understand in learning. 

Research in the form of making IoT educational game 

applications using the MDLC (Multidisciplinary 

Design and Learning Cycle) method [14], from this 

method researchers can find out the level of comfort and 
effectiveness of the interface display of a design and 

later determine the user as a consideration of system 

design. This method ensures that the software has a 

level of user usability according to Lucher-Sutopo. This 

application is expected to provide opportunities for 

students to learn more about IoT. 

2. Research Methods 

2.1. Luther-Sutopo MDLC (Multidisciplinary Design 

and Learning Cycle) 

This research uses the MDLC (Multidisciplinary 

Design and Learning Cycle) method in user experience 
design which can help designers to produce better 

designs that meet user needs. Meanwhile, the choice of 

the multimedia development method is in line with the 

application to be built.  

MDLC is a way of approaching design to users that 

involves collaboration between various disciplines to 

produce effective and efficient designs [15]. MDLC 

includes six stages, namely planning, needs analysis, 

conceptual design, detailed design, implementation, 

and evaluation [16]. In MDLC, the designers will focus 

on the performance of the system and ensure that the 

design meets the business needs [17]. 

 

Figure 1. Luther-Sutopo MDLC 

Conception is the initial planning stage for making 

mobile-based IoT educational games. At this stage, an 

analysis of the educational needs to be delivered 

through the game and identification of target users is 

carried out. Then, the game concept will be designed 

based on the results of the analysis and the learning 

objectives to be achieved. This game concept includes 

various aspects such as genre, visual style, and type of 
interaction that will be used in the game. The results of 

the Concept stage will be the initial guide for the next 

stages of game development, such as Content Design 

and Development. This stage is the initial stage in the 

MDLC and is an important basis for the entire process 

of creating a mobile-based IoT educational game.  

The Design stage is the stage of designing the visual 

design and interaction of mobile-based IoT educational 

games. At this stage, the game concept that has been 

designed in the previous stage will be converted into a 

more concrete and clear visual design. This visual 
design includes various aspects such as the appearance 

of the user interface, characters, objects, and the game 

environment. In addition, this stage also designs the 

interaction between the user and the game, such as 

control mechanisms, information displays, and game 

responses to user actions. The results of the Design 

stage will serve as a reference for the Content 

Development stage, where the visual elements and 

game interactions will be implemented into the game 

application in more detail. This stage of Design is 

important to ensure that the game is in accordance with 

the concept and learning objectives that have been set, 
and can provide a fun and effective gaming experience 

for its users.  

The stage of collecting materials that will be used to 

make mobile-based IoT educational games. At this 

stage, researchers will search for and collect various 

types of materials, such as text, images, audio, and 

video that are relevant to the educational content to be 

conveyed through the game. These materials will then 

be processed and adjusted to a format that suits the 
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needs of making games, such as image or audio formats 

that can be integrated with game applications. The 

results of the Material Collecting stage will be the raw 

material for the next stages of game creation, such as 

Content Design and Development.  

The Assembly stage in the MDLC is the stage where the 

game elements are assembled together to form a 

complete game. At this stage, aspects such as graphics, 

audio, animation, and interface interactions are 

combined with educational materials that match the 
game's objectives. The end result of the Assembly stage 

is a complete educational game that is ready to be 

tested. This stage is carried out after the previous stages 

such as Analysis, Design, and Content Development are 

carried out.  

The Testing stage in MDLC (Mobile Device Learning 

Content) is the stage of testing and evaluating 

educational games that have been made. At this stage, 

the game will be tested by identifying technical 

problems, design errors, or errors in educational 

content. Tests are conducted on various mobile devices 
and by using various types of operating systems to 

ensure the game runs well and does not experience 

compatibility problems. In addition, the use of 

educational games in a learning context is also 

evaluated to ensure educational objectives are achieved 

and the user experience is good. The results of the 

Testing stage will be a reference for making 

improvements and improvements to the educational 

games made. 

The last step is the Distribution Stage, the stage where 

the educational game that has been completed will be 

distributed to users or target audiences. Before the game 
is distributed, it is necessary to conduct trials and 

evaluations to ensure that the game runs well and in 

accordance with its educational objectives. In addition, 

it is also necessary to pay attention to the policies and 

requirements of the distribution platform used. After the 

educational game is successfully distributed, users can 

download and play it on their mobile devices according 

to their needs and desired learning objectives. The 

Distribution stage is usually done after the Testing and 

Update stages have been carried out to ensure good 

game quality and user experience. 

Once the initial to final steps have been completed, the 

development team can then start the next spiral cycle to 

develop more complex and complete multimedia 

features and functionality. The spiral model allows the 

development team to develop multimedia iteratively 

and accommodate changes that occur during 

development. 

2.2. Data Collection Methods  

The following are the data collection methods used in 

this study: 

Literature Study, this method is done by searching for 

references related to STEM learning to identify 

problems online and current news articles that have 

something to do with the problem at hand. Conversely, 

this research is conducted by searching for journals or 

supporting data regarding IoT games.  

At the stage of data collection in this study was carried 

out by means of observation and interviews. This stage 

is carried out to users in order to find out what needs 

and features will need to be included in the IoT game 
application and to find out the extent to which users 

know about IoT.  

The questionnaire conducted in this study contains 

several questions that must be answered by respondents 

from junior high school students to university students 

[18]. This questionnaire is a source of data used to 

determine the importance of designing IoT education 

games and introducing them to the public, especially 

students [19]. 

3. Results And Discussions  

3.1. Application Concept Details  

The IoT game application has 4 multimedia elements, 

each of which has interaction with the user. This 

application also has an advantage in its use, which can 
be used offline and online. At this stage the IoT 

education game application has several predetermined 

features such as game features, materials, quizzes, and 

learning videos [20]. The purpose of this application 

includes introducing the application, educating IoT 

tools, how IoT works, how to assemble the tool until it 

becomes a sensor, and there are quizzes that can be used 

for learning in groups that have a point system that can 

be achieved by users. Where in the point system can be 

ranked from the highest to the lowest point acquisition, 

with the aim that users are encouraged to always want 

to learn about IoT [21].  

3.2. Application Design  

The application design is built with a multimedia-based 

design, using a storyboard device that is useful as linear 

multimedia. According to Luther-Sutopo [20], 

Storyboard is an explanation of each scene that 

combines images and words that explain the flow of the 

application [22]. The following is part of the overall 

storyboard display, there are 4 menus displayed, namely 

storyboard 3, storyboard 12, storyboard 17 and 

storyboard 20. In storyboard 3 displays the login menu, 

shown in table 1. 

3.3. App Creation  

The assembly stage is done when all the objects or 

materials used in making the application are based on 

the time of the design stage. The following are the 

stages of object building  
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Table 1. Storyboard 

Image Description 

 

This login scene users 

before entering the 

application will register 

and then login to enter 

the application.  

 

This home scene has a 

menu choice between 

game and quiz. 

 

This quiz scene has 

many questions that can 

be made learning for 

students to add insight 

and can play with 

friends. 

 

 

This game scene allows 

users to assemble 

various devices into a 

sensor 

 

This tutorial scene 

allows users to see how 

the sensor is assembled. 

The application creation process is supported by the use 
of Android Studio software and then exported into .apk 

format. The object creation model created consists of a 

login, home and in-game display. Below the process of 

making the login display application can be seen in 

Figure 2. 

 

Figure 2: Login view creation process 

Figure 3 is the process of making the home menu 

display application, where to make the home display 

use some animated images to make it look more 

attractive. In the home view there are several other 

menus such as game, quiz and material menus. Below 

the process of making a home display application can 

be seen in Figure 3.  

 

Figure 3: Home Display Creation Process 

3.4. App Creation Result  

The results of making the application will display a total 

of 5 of the whole [23]. Based on the making of the 
application that will be displayed, namely part of scene 

3, scene 12, scene 17, scene 20 and scene 27. The 

following is a display of the results of making the 

application.  

  

Figure 4. Scene 3 Login Menu 
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Scene 3 - Application Login Menu. In this section is the 

main login display in the application. In this menu, 

users can login to the application in several ways 

including, login using a username and password, login 

using a facebook account or google account that can 

help users connect to the application. From making the 

login display, the results can be seen in Figure 4.  

 

Figure 5. Scene 12 Main Menu 

Scene 12 - App Main Menu. In scene 12 is the main 

menu section of the application that can display all the 
features in the application. The features displayed are 

games, materials or quizzes that can be accessed by 

users. In this main menu there are also notification, 

profile and tutorial menus. From the creation of the 

menu can be seen the results in Figure 5.  

  

Figure 6. Scene 17 Game Menu Display 

Scene 17 - Game Menu. In Scene 17, there is a game 

menu display in the application that shows various 

sensors that can be assembled into an IoT device. This 

menu provides different sensor options that can be 

selected by the user, such as temperature sensors, light 

sensors, motion sensors, and humidity sensors. Once 

the sensor is selected, the user can assemble the sensors 

into an IoT device that can function as needed. Through 

this feature, users can learn how to assemble and 

operate various sensors used in IoT technology, so that 

they can get a more interactive and practical learning 

experience. The game menu can be seen in Figure 6. 

Scene 20 - Tutorial Menu. In Scene 20, there is a tutorial 

menu display that shows how to assemble sensors that 

can be accessed by users during play or before starting 

the game. This tutorial aims to help users understand 

how to assemble sensors more easily and practically. In 

this tutorial display, there are steps presented in detail 

and clearly, starting from the preparation of materials to 

the assembly stage. This tutorial is also equipped with 

images and animations that clarify the steps that must 

be followed by the user. With this tutorial, users can 
learn to assemble sensors independently and gain a 

more interactive and practical learning experience. 

From the making of the tutorial menu display can be 

seen in Figure 7. 

 

Figure 7. Scene 20 Tutorial Menu Display 

Scene 20 - Quiz Menu. In scene 27 is a display of the 

quiz menu in the application, which contains various 
questions related to IoT. When the user guesses one of 

the answers to the multiple choice questions, the answer 

will be matched with the correct answer. If the answer 

choice is correct, then the user gets points. The results 

of making the quiz menu can be seen in Figure 8.  

 

Figure 8. Scene 27 Quiz Menu Display 

3.5. Testing Phase  

Before an app is deployed and used by users, a 

bugfixing process is performed on the app in case of 

errors so that it can function properly and with all its 

content and features functioning as intended by the 

users and the app designers. In addition, these 
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precautions can reduce problems that can arise and 

contribute to a lack of user enthusiasm for the 

application. In the test, the application was run on the 

visualization. 

Smartphone based on Android Nougat 7.1.1Operating 

System (OS); Laptop with intel® Core™ i5-1035G1 

CPU @ 3.60GHz (2 CPUs), 3.60GHz processor and 

12048MB RAM.  

This application testing aims to ensure that this 

application can later be in line with the predetermined 
design and it is hoped that this application will have 

minimal deviations and will be ready for use.  

Application Trial, application testing is one of the 

important aspects to be done by someone who is 

building or constructing an application before the 

application is submitted to the user. Testing is done 

using the Black Box method, the method is used to 

conduct audits related to the system to determine 

whether the software developed is as expected or not. 

The purpose of the Black Box experiment is to 

understand the inherent functionality of the program. 
With the Black Box methodology, the only thing that 

can be determined about the execution result is the input 

data and functional analysis of the software. Tests 

regarding the function of some of the buttons available 

on the application are also carried out during the Black 

Box testing process. In general, in the testing process, 

no errors were detected so that each button gets accurate 

output results. The tests in question are listed in Table 2 

which will display only 9 of all the tests that have been 

carried out. Based on the tests that have been carried 

out, it can be concluded that the operationalization of 

this project is running according to the goal, which is 

universal success [24]. 

Table 2. Iot Game App Blackbox 

Function Desired 

Testing Results 

Results of 

Application Testing 

Description 

Featuring 

app start 

screen 

When the user 

opens the 

application 

will display a 

splash screen, 

then display 

the login menu 

Splash screen runs 

and displays the 

login menu 

Successful 

Login page User logs in by 

entering 

username and 
password, if 

correct leads to 
the main menu 

Users can enter the 
main menu if login 
is successful 

Successful 

Main page 

appearance 

Users can 

select the menu 

available on 
the main page. 

User can go to the 
selected page 

Successful 

Game menu 

selection 

When the  

menu display 

appears, there 

The game menu 
will appear after 

Successful 

Function Desired 

Testing Results 

Results of 

Application Testing 

Description 

will be several 

games that can 
be played by 

users 

the user selects 
the game type 

Material 

menu 

display 

When the 

menu display 
appears there 

will be material 
related to IoT 

The material 
display appears 
after the user 
presses the 
material button 

Successful 

Quiz menu 

display 

When the quiz 
menu display is 

related to 
games that can 

be played with 
friends 

A quiz display 
appears and there 
is a point system 
earned by the 
user When the 
answer is correct 

Successful 

In-game 

display 

When entering 

the game menu 

the user can 

play the game 

and can also 

see the tutorial 

when playing 

Images can be 

drawn onto the 

breadboard 

Successful 

Tutorial 

menu 

display 

When the user 
is about to play 

the game, the 
tutorial menu 

can be viewed 

at any time 

The tutorial menu 
runs when the 
user is in the 

game 

Successful 

Notification 

menu 

display 

If the user has 
not completed 

the game or 

quiz, there will 
be a 

notification 
that goes to the 

notification 
menu. 

Notifications 
appear when a 
game or quiz has 

not been 
completed or 
completed. 

Successful 

Beta Application Testing is the second step in software 

testing when the product has been created. This test is 

an assessment conducted by users of the application. 

User Acceptance Testing (UAT) is a procedure carried 

out by users and produces a document with test results 

that the application can be used properly. To find out 
the user's point of view on the development of the IoT 

introduction game education application, research was 

conducted by asking 6 questions to 74 respondents from 

junior high school, high school and college students, 

with question data can be seen in table 3. 

Table 3. List of Questions to Users 

No Question 

P1 Is the app concept interesting to use? 

P2 Is the usefulness of the features in the application 

helpful? 

P3 Is the material in the application easy to understand? 

P4 Is the suitability of objects, shapes, locations and 

colors in the Application appropriate and comfortable 

when used? 

P5 Can the IoT quiz feature help to increase knowledge? 

P6 Is the ease of using the application comfortable when 

used? 

P7 Do all these features generate interest in learning IoT? 



 Indra Puja Laksana, Evi Dwi Wahyuni, Christian Sri Kusuma Aditya 

Jurnal RESTI (Rekayasa Sistem dan Teknologi Informasi) Vol. 7 No. 3 (2023)  

DOI: https://doi.org/10.29207/resti.v7i3.5007 

Creative Commons Attribution 4.0 International License (CC BY 4.0) 

694 

 

 

The purpose of the Questionnaire Question List table in 

the design of the Mobile-Based IoT Introduction 

Education Game is to design and develop a 

questionnaire that can be used to collect data from 

potential users of the game. The questionnaire will help 

to understand the needs and preferences of users for 

educational games with the theme of mobile-based 

Internet of Things (IoT) introduction. The data 

collected from the questionnaire will be used as the 

basis for developing a game that is right on target and 
meets user needs. In addition, data from the 

questionnaire can also be used to improve or enhance 

existing features in the game and add new features that 

users want. 

The results obtained from testing the Beta Application 

with 74 respondents show that 75.37% have very good 

criteria and 15.91% have good criteria. The 

questionnaire filling process is carried out by asking 

respondents to provide answers to several questions that 

have been provided. In each question asked, there are 

five possible answers, namely very good (SB), good 
(B), quite good (CB), less good (KB), and very less 

(SK). Seen in table 4. 

Table 4. Respondent's Result Score 

No 

Value 

SB B CB KB SK Total 

responden 

P1 52 14 5 3 0 74 

P2 45 13 9 7 0 74 

P3 55 19 0 0 0 74 

P4 60 8 6 0 0 74 

P5 56 10 6 2 0 74 

P6 66 8 0 0 0 74 

P7 61 5 8 0 0 74 

3.5.3. Distribution Phase  

During the distribution phase of this research, the 

process of transferring .apk files of applications that 

have been created can use third-party applications such 

as WhatsApp or other sharing applications.  

4.  Conclusion 

Based on research that has been done, educational 

games can assist in providing material that has a good 

impact on increasing understanding of the material to 
students and the general public [25]. Likewise, the IoT 

educational game application also has a positive impact 

on users to increase understanding of IoT, around 

75.37% of respondents' responses to application 

evaluation criteria are for very good criteria, and 

15.91% for good criteria, so it can be concluded that the 

application can be well received by users, and with this 

research can help in STEM education to be more 

developed [26].  

Suggestions for development that can be done in future 

research on this educational game application, namely 
that further applications can be further developed in 

terms of material, games and features that support the 

players. users to be more comfortable in using the 

application. And can also be developed in other 

operating system versions such as IOS, so that all can 

be affordable to use the IoT educational game 

application. 
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