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Abstract— The creation of educational games utilising 
fuzzy logic to increase public awareness of Banten's daily 
sugar consumption restriction is predicated on the fact 
that there will be around 536 million instances of diabetes 
mellitus by 2021. By 2030, it is expected to reach 642 
million. With a frequency of 10.6%, or around 19.4 
million cases, Indonesia is among the top five countries in 
the world for the most instances of diabetes mellitus. In 
Indonesia, the prevalence of Banten is approximately 
2.2%. An educational game is used in this study. Based 
on the results of the first and second pre-test quizzes, 
fuzzy logic will be employed in the game to calculate the 
player's additional time. According to the analysis's 
findings, of the 33 respondents, around 57,57% or 19 had 
increased their knowledge, whereas roughly 42,42% or 
14 did not. Furthermore, the average GUESS-18 user 
satisfaction score is 77.84%, indicating that users 
"agree/satisfied" with the game. Based on the findings, it 
can be concluded that creating educational games with 
fuzzy logic to increase public awareness of Banten's daily 
sugar consumption limit can be an alternate method of 
learning. 

Index Terms— Banten Indonesia; Daily Sugar 
Consumption; Fuzzy Logic; Education Game; 

I. INTRODUCTION 
Diabetes mellitus (DM), commonly known as 

diabetes, is a severe chronic disease characterized by 
the body's inability to regulate blood sugar levels [1]. 
DM occurs when the pancreas fails to produce 
sufficient insulin or when the body cannot use insulin 
effectively. Insulin is a hormone produced by the 
pancreas that acts as a key to process glucose from the 
bloodstream into body cells for energy production [2], 
[3]. The body breaks down all carbohydrates into 
glucose in the bloodstream, and insulin facilitates 
glucose uptake into the cells. If left untreated, DM can 
lead to various health complications, including nerve 
damage, vision impairment, kidney failure, and organ 
dysfunction [4]. 

Type 1 diabetes is marked by the pancreas's 
inability to produce insulin or producing it in 
insufficient amounts. This type of diabetes can affect 
individuals of all ages but is most commonly diagnosed 

in children and young adolescents [5]. Patients with 
type 1 diabetes require insulin injections to regulate 
blood sugar levels, as the absence of insulin can be fatal. 
The most common symptoms of type 1 diabetes include 
excessive thirst, dry mouth, sudden weight loss, 
frequent urination, fatigue, persistent hunger, and 
vision problems [6], [7]. 

According to the International Diabetes Federation 
(IDF), approximately 90% of diabetes cases are type 2 
diabetes. Type 2 diabetes occurs when the body cannot 
effectively use insulin, a condition known as insulin 
resistance [8], [9]. When insulin fails to function 
properly, blood sugar levels rise, prompting the 
pancreas to produce more insulin. This overproduction 
can overwork and eventually damage the pancreas, 
leading to a reduced ability to produce insulin, which in 
turn results in persistently high blood sugar levels [10]. 

There are several risk factors that contribute to 
diabetes. The exact cause of type 1 diabetes remains 
unknown, whereas type 2 diabetes is influenced by 
genetic factors, metabolic conditions, family medical 
history, age, overweight status, unhealthy diet, lack of 
physical activity, and smoking habits. Additionally, the 
frequent consumption of foods and beverages high in 
added sugar increases the risk of developing type 2 
diabetes [2], [6].  

According to the International Diabetes Federation 
(IDF), in 2021, the number of diabetes cases worldwide 
among individuals aged 20-79 years reached 536 
million, accounting for 9.8% prevalence (the total 
number of disease cases occurring at a specific time in 
a given region) [10], [11]. The IDF also projects that 
this number will continue to rise, with an estimated 642 
million cases or 10.8% prevalence by 2030. In 2021, 
Indonesia ranked fifth among countries with the highest 
number of diabetes cases, with 19.4 million people 
affected, representing a 10.6% prevalence rate. 
Specifically, the Banten province recorded a prevalence 
rate of 2.2% [10], [12], [13]. 

In designing educational game mechanisms, 
feedback in the form of extra time is generally 
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determined using crisp logic rules, such as standard if-
else conditional structures. However, this conventional 
approach has limitations as it creates rigid boundaries 
(the cliff effect), where negligible score differences can 
result in drastically different time allocation decisions. 
The justification for implementing fuzzy logic in this 
study is to overcome this rigidity. Fuzzy logic is 
selected due to its capability to model gradual human 
reasoning and to handle the uncertainty of player 
performance in a more adaptive manner [14], [15]. 
Consequently, the calculation of additional game time 
based on pre-test quiz 1 and pre-test quiz 2 scores can 
operate with smoother transitions, higher flexibility, 
and proportionality relative to each player's baseline 
understanding. 

Based on these issues, this study aims to develop an 
educational game to enhance public knowledge 
regarding the daily sugar consumption limit in 
Tangerang, utilizing fuzzy logic. The objectives of this 
research are to design and develop an educational game 
to raise public awareness about daily sugar intake limits 
in Banten using fuzzy logic and to measure the 
improvement in public knowledge regarding daily 
sugar consumption limits in Banten. 

The selected learning medium for this study is a 
game-based educational tool. Educational games can 
incorporate text, animations, videos, images, and 
sound, which can effectively enhance interest and 
engagement in learning. Game-based learning has been 
proven to increase motivation, interest, and active 
participation in educational activities, making it an 
effective method for disseminating health-related 
information. 

II. RELATED WORK 
In the study conducted by Puja [16], it was stated 

that fuzzy logic is used to determine the difficulty level 
of quizzes based on the player's status. By utilizing 
fuzzy logic, various difficulty levels can be created, 
making the assessment not limited to binary correct or 
incorrect results. In a study conducted by Jonathan [17], 
[18], it was also stated that fuzzy logic is used to 
determine the movement speed of opponents , which is 
influenced by the player's health points and the 
opponent's health points. 

Unlike previous studies that utilized fuzzy logic to 
determine quiz difficulty levels or to control the 
movement speed of non-player characters (NPCs), this 
research applies fuzzy logic to determine the duration 
of additional time awarded to players based on their 
pre-test quiz 1 and pre-test quiz 2 scores [19]. Utilizing 
this fuzzy-based approach provides a significant 
competitive advantage over conventional game-
balancing systems (non-fuzzy baselines), which tend to 
be rigid, as fuzzy logic can dynamically evaluate a 
combination of multiple input variables without being 
constrained by binary true-false decisions [15], [20], 
This study specifically employs the Sugeno fuzzy logic 

method, as it yields a crisp constant output that can be 
directly integrated into the game's time computation 
system to establish a precise amount of bonus time for 
the player. 

III. METHODOLOGY 

A. Problem Identification 
At this stage, problem identification process will be 

carried out. This problem identification is obtained 
from various internet resources. Some of the sources 
used for problem identification such as, World Health 
Organization (WHO), the International Diabetes 
Federation (IDF), journals, websites, and others. 

B. Data Collection and Processing 
At this stage, the main focus on data collection such 

as nutrients fact from food and drinks especially sugars. 
This data collection is obtained from internet sources. 
Some of the sources that used for searching data such 
as, National Health Agency, Worldh Health 
Organization (WHO), Food and Agriculture 
Organization (FAO), journals, and others. The data that 
has been collected will then be processed to remove 
none relevant data for the research. This process is 
carried by checking the data from 1 source with other 
different sources.   

C. Fuzzy Design 
In this research, fuzzy logic is used to determine the 

additional time that players will receive based on the 
score from pre test quiz 1 and pre test quiz 2. The type 
of fuzzy that being used for this study is fuzzy sugeno. 
The difference between fuzzy sugeno and fuzzy 
mamdani lies in the output that produced. In fuzzy 
mamdani, the output is a decision set, whereas in fuzzy 
sugeno, the output is a crisp constant [9]. The steps for 
designing the fuzzy system are as follows: 

D. Fuzzy Variables and Linguistic Value 
 This research will use three fuzzy variables 

consisting of two input variables and one output 
variable [21], [22]. The variables for input and output 
for the fuzzy are as follows: 

• Input Variables, pretest quiz 1 score divided into 
3 (low, medium, and high).  

• Input Variables, pretest quiz 2 score divided into 
3 (low, medium, and high). 

• Output Variables, total extra time for players 
divided into 3 (many (represented by the 
constant value of 10), intermediate (represented 
by the constant value of 7), and little 
(represented by the constant value of 5)). 
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E. Fuzzyfication 
Fuzzyfication is done to mapping crisp value into 

fuzzy set for determine memberships value for each 
variables.  The steps for fuzzyfication are as follows 
[23], [24]: 

Input variables pre test quiz 1 score, low = 0-25, 
medium = 10-40, high = 25-50. In Figure 1, the graph 
of the input variable for pre test quiz 1 value range from 
0-50. The set of pre test quiz 1 is divided into low has 
score value range from 0-25, medium has score value 
range from 10-40, and high has score value range from 
25-50. 

 

μ୪୭୵ (x)  =  ൞
1 ∶ 𝑥 ≤ 10

25 − 𝑥
25 − 10 ∶ 10 < 𝑥 < 25

0 ∶ 𝑥 ≥ 25
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Fig. 1. Pre Test Quiz 1 Input Graph 

Input variables pre test quiz 2 score, low = 0-25, 
medium = 10-40, high = 25-50. In Figure 2, the graph 
of the input variable for pre test quiz 1 value range from 
0-50. The set of pre test quiz 1 is divided into low has 
score value range from 0-25, medium has score value 
range from 10-40, and high has score value range from 
25-50. 
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Fig. 2. Pre Test Quiz 2 Input Graph 

Output variables total extra time for players, many 
(represented by the constant value of 10), intermediate 
(represented by the constant value of 7), and little 
(represented by the constant value of 5). 

F. Fuzzy Rules 
This rules will be created based from two fuzzy 

input variables and the result from output variables. The 
variables for input such as, pre test quiz 1 and pre test 
quiz 2. The output variable for the fuzzy rules is total 
extra time for players. Table 1 provides an illustration 
of the fuzzy rules.  

TABLE I.  TABLE FUZZY RULES 

IF Pre test 
quiz 1  

And Pre test 
quiz 2 

Then Extra times 

IF Low AND Low THEN Little 
IF Low AND Medium THEN Little 
IF Low AND High THEN Intermediate 
IF Medium AND Low THEN Little 
IF Medium AND Medium THEN Intermediate 
IF Medium AND High THEN Many 
IF High AND Low THEN Intermediate 
IF High AND Medium THEN Many 
IF High AND High THEN Many 

G. Inference and Defuzzification 
In this research, the inference used is the maximal 

function or MAX. During the defuzzification stage, the 
weighted average method will be employed, using 
Equation 1 as follows: 

𝑂𝑢𝑡𝑝𝑢𝑡 =  
∑ (𝑀𝑒𝑚𝑏𝑒𝑟𝑠ℎ𝑖𝑝 𝐹𝑢𝑛𝑐𝑡𝑖𝑜𝑛 𝑥 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑉𝑎𝑙𝑢𝑒௜)௡

௜ୀଵ
∑ 𝑀𝑒𝑚𝑏𝑒𝑟𝑠ℎ𝑖𝑝 𝐹𝑢𝑛𝑐𝑡𝑖𝑜𝑛௜

௡
௜ୀଵ

 

Equation 1. Equation for Output 

H. Game Design 
The educational tool developed in this study is a 3D 

single-player serious game. The core gameplay loop is 
structured into three sequential phases to measure 
knowledge acquisition systematically: a pre-test 
assessment phase, an educational intervention segment, 
and a post-test evaluation phase. The game 
environment is bound by invisible walls to maintain a 
controlled testing environment and ensure players 
remain focused on the designated tasks. To isolate the 
learning process, character movement and standard 
navigation features are temporarily restricted during 
assessment segments, requiring players to complete 
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each evaluation phase before progressing further in the 
game. 

I. Player 
In this game, which is an offline single-player game, 

the player will strive to complete all the given missions. 
These missions consist of two pre-test quizzes, 
followed by an educational segment, and then the 
player will complete two post-test quizzes. 

J. Objective 
The player aims to complete the quizzes by 

answering all the provided questions. The player must 
complete the game in stages, starting with the 2 pre-
tests, followed by the educational segment, and then 
completing the post-tests. The player will receive a 
score for each quiz, except for the educational segment. 

K. Game Explanation 
• Controls: 

Character Movement: The player can control the 
character using the left joystick to move in the 
desired direction. 

Camera Control: The player can control the 
character's camera view to look left or right using 
the right joystick. 

• Pause Menu: 

Pause button is located at the top left corner, which 
can be pressed to bring up the pause menu. 

The pause menu includes options such as resume (to 
continue the game), settings (to adjust music, sound, 
etc.), restart (to restart the game), and quit (to exit 
the game). 

Players can also open doors by approaching them. 

L. Quiz Rules 
• First Quiz: 

Players answer multiple-choice questions, earning 
10 points for each correct answer. 

• Second Quiz: 

Players are presented with different types of food 
and their nutritional content. 

Players must label the food items with options such 
as "very good," "good," "fair," "poor," and "very 
poor." 

• Timer: 

A timer is present during the quizzes. If the timer 
reaches zero, the game will stop, and the player 
must restart the game. 

M. Boundaries 
• Invisible Walls: 

There are invisible walls that limit how far players 
can walk within the game area. 

• Quiz Restriction: 

Once a quiz starts, the player cannot move the 
character or access a back button, meaning the 
player must complete the quiz before proceeding. 

IV. RESULT AND DISCUSSION 

A. Fuzzy Implementation 
The fuzzy logic used in this game will be employed 

to provide additional time for the players. This 
additional time will be based on the scores of pre-test 
quiz 1 and pre-test quiz 2. Time will only decrease 
when the player is taking a quiz. If the time runs out, 
the player will lose and have to restart the game from 
the beginning. 

In this game, players will be given a timer of 10 
minutes at the start of the game, which will run while 
the player is taking quizzes. The fuzzy logic system will 
take two input values, namely the scores of pre-test quiz 
1 and pre-test quiz 2, and will produce an output value 
in the form of additional time based on these input 
values. Figure 3 illustrates the timer application in the 
game. 

 
Fig. 3. Timer Application in Game 

The next stage, after the player successfully 
completes pre-test quiz 1 and pre-test quiz 2, the scores 
from each quiz will be used as input variables to 
generate an output in the form of additional time for the 
players using the fuzzy method. Figure 4 shows the 
additional of time after the player successfully 
completes the pre-test quizzes. 

If the timer reaches zero, the game will 
automatically stop, and a game over menu will appear. 
In the game over menu, the player can select the restart 
button to restart the game from the beginning. The 
addition of the timer system is expected to make the 
game more challenging for the players. Figure 5 
illustrates the game over menu that appears when the 
timer reaches zero. 
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Fig. 4. Additional Time for Player 

 
Fig. 5. Game Over Screen 

B. Respondent Result 
At this stage, testing will be conducted with 

respondents. The respondent testing process will follow 
these steps: 

1. Respondents will download the game via the 
provided link. 

2. After downloading, respondents will install the 
game. 

3. Respondents will play the game according to the 
given missions. 

4. After playing, respondents will be directed to a 
Google Form to fill out a survey. 

5. The final step is for respondents to complete all 
the questions in the survey and submit it. 

The data to be used will come from individuals aged 
5 to 55 years. According to the Regional Health 
Research Report (Riskesdas), based on doctor 
diagnoses among residents of all ages by characteristics 
in the Banten province in 2018, the highest number of 
diabetes diagnose were recorded in the 5 to 55 age 
group. In this survey stage, 35 respondents were 
successfully gathered. Out of these 35 respondents, data 
from 33 respondents will be used, as 2 of the 35 
respondents did not meet the data usage criteria. 
According to Mizanur [25], [26], a suitable sample size 
for research ranges from 30 to 500. Table 2 below 
shows the pre-test and post-test scores of the 33 
respondents. 

Based on the data in Table 2, the following average 
calculation will be conducted. According to the survey 
conducted, it was found that 19 out of 33 respondents 

showed improvement, while 14 out of 33 respondents 
showed no improvement. From this data, a calculation 
will be carried out to determine the percentage of 
respondents who improved versus those who did not. 
The percentage of respondents who showed 
improvement is 57.57%, while the percentage of 
respondents who showed no improvement is 42.42%.  

TABLE II.  SCORE OF 33 RESPONDENTS 

No Pre test Post test Result 
1 70 80 Increase 
2 80 90 Increase 
3 60 80 Increase 
4 10 70 Increase 
5 80 90 Increase 
6 30 80 Increase 
7 100 100 Not Increase 
8 90 70 Not Increase 
9 60 90 Increase 

10 100 90 Not Increase 
11 50 50 Not Increase 
12 80 90 Increase 
13 90 100 Increase 
14 100 100 Not Increase 
15 50 70 Increase 
16 80 90 Increase 
17 30 50 Increase 
18 80 100 Increase 
19 50 90 Increase 
20 70 100 Increase 
21 70 70 Not Increase 
22 60 70 Increase 
23 30 90 Increase 
24 80 80 Not Increase 
25 10 0 Not Increase 
26 60 50 Not Increase 
27 70 80 Increase 
28 60 90 Increase 
29 80 90 Increase 
30 80 80 Not Increase 
31 80 70 Not Increase 
32 80 70 Not Increase 
33 70 70 Not Increase 

 

Next is the calculation of the average score from 
GUESS-18 for each subscale from a total of 33 
respondents shown at Table 3.  

TABLE III.  AVERAGE SCORE GUESS-18  

Subscale Average 
Usability 76,19% 

Narratives 80,95% 
Play Engrossment 61,26% 

Enjoyment 79,65% 
Creative Freedom 72,73% 
Audio Aeshetics 84,85% 
Visual Aesthetics 84,20% 

Personal Gratification 82,90% 
Total Average 77,84% 

 

A deeper analysis of the GUESS-18 subscale scores 
reveals critical implications for the game’s design and 
educational efefficacy. The dimensions that received 
the highest satisfaction scores were Audio Aesthetics 
(84.85%) and Visual Aesthetics (84.20%), followed 
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closely by Personal Gratification (82.90%). These high 
metrics indicate that the 3D environment, interface 
design, sound effects, and rewarding mechanics were 
highly successful in creating an appealing and 
immersive atmosphere for learning. Visually and 
audibly stimulating elements are vital in serious games, 
as they directly lower cognitive load and sustain 
players' initial interest when absorbing complex health 
data, such as daily sugar intake limits. 

Conversely, the Play Engrossment dimension 
recorded the lowest score at 61.26%, falling into the 
'tend to agree/satisfied' category. This lower rating 
implies that while players found the game visually 
appealing, their deep absorption or state of 'flow' within 
the gameplay loop was occasionally disrupted by 
external factors or the rigid pacing of the mandatory 
quiz blocks. For future game design iterations, this 
indicates a clear need to improve narrative integration 
and introduce more fluid, dynamic interaction 
mechanics rather than abrupt assessment transitions. 
Enhancing Play Engrossment is essential to ensure that 
players remain deeply focused on the educational 
content for longer durations, thereby maximizing 
knowledge retention. 

V. CONCLUSION 
Based on the research conducted, it was concluded 

that the design and development of an educational game 
to increase public knowledge about daily sugar 
consumption limits in Banten using fuzzy logic was 
successfully designed and built. Through the 
respondent trials of the successfully designed and 
developed game, several values such as pre-test, post-
test, and GUESS-18 scores were obtained. Based on the 
calculations from a total of 33 respondents, it was found 
that 19 respondents, or 57.57%, showed an increase in 
knowledge scores, while 14 respondents, or 42.42%, 
did not show an increase in knowledge scores. 

This study successfully designed and developed a 
3D educational serious game implementing Sugeno 
fuzzy logic to enhance public knowledge regarding 
daily sugar consumption limits in Banten. Experimental 
evaluations yielded definitive quantitative support for 
the game’s efficacy as an alternative learning medium. 
Specifically, post-test analysis demonstrated a 
measurable knowledge improvement in 57.57% of the 
respondents (19 out of 33 participants). Furthermore, 
evaluation of user experience via the GUESS-18 
framework resulted in an overall satisfaction score of 
77.84%, confirming that users were highly satisfied 
with the game’s usability, engagement, and aesthetic 
design. Future work should focus on optimizing 
narrative elements to further elevate player 
engrossment and maximize long-term knowledge 
retention. 
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