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Abstract—Adaptive virtual learning environments provide 

an ideal foundation for enhancing personalized learning 

experience. Moreover, the incorporation of game elements 

enhances motivation levels, further enhancing the potential for 

improving learning outcomes. This paper explores the 

integration of fuzzy logic as a dynamic adaptivity tool in virtual 

educational games. By employing user-specific characteristics 

as input, including student progress, gaming time, and 

knowledge, the output of the fuzzy logic system represents the 

challenging level presented to the player in the educational 

game. Then, a set of rules is applied to tailor the complexity and 

pacing of challenges presented to learners. This adaptation 

extends to virtual character behavior, the learning path, and 

task complexity, aligning with learning objectives and 

proficiency levels. The study presents a practical 

implementation of this fuzzy logic-driven adaptivity mechanism 

in a virtual game environment designed for C++ programming 

education. The virtual game has been evaluated and the results 

of the evaluation showcase the potential of this approach in 

enhancing the learning process by tailoring the environment to 

learners’ specific needs and preferences. 
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I. INTRODUCTION 

Virtual games have primarily focused on entertainment 
purposes, but during the last decades they have been powerful 
tools for educational reasons as well [1]. Due to their inherent 
nature holding immersive and interactive characteristics, they 
provide an engaging environment for the learners and can 
support knowledge acquisition [2]. Indeed, the merging of 
education and entertainment has provoked the interest of 
many researchers as a means to revolutionize traditional 
teaching approaches. Needless to say, virtual games align with 
other technological approaches, such as social media, to 
provide innovative avenues for enhancing and modernizing 
education. 

The blending of entertainment and education in virtual 
games environments is a task that hinders compelling 
opportunities or even obstacles [3]. Education does not simply 
involve the delivery of information to learners; its main 
objective is to create a fertile ground for learners to 
comprehend this information and at the same time to be 
motivated to learn. On the other hand, entertainment has the 
ability to engage users and as such it can help towards the 
creation of captivating learning environments. By combining 

elements of entertainment, virtual games can be used for 
education as platforms where learning is an enjoyable and 
immersive experience. 

Due to the different background of users of virtual games, 
it is of great importance to adapt these environments to their 
learning needs and interests [4]. Adaptivity techniques stem 
from the field of artificial intelligence (AI) and are used to 
provide a personalized environment for the learners to support 
their evolving preferences. Adaptability is crucial to 
enhancing engagement and offer a challenging environment 
to learners that is tailored to their abilities.  

There are several AI techniques that can offer adaptation 
to learning environments. Machine learning techniques, such 
as artificial neural networks or decision trees, are considered 
valuable tools for promoting adaptation in learning 
technology systems. These techniques have the ability to 
analyze a large pool of data towards identifying patterns 
among them and subsequently tailor their environment to the 
learners. Furthermore, reinforcement learning has also been 
utilized in ameliorating the learning experience in a 
personalized way. One other technique is fuzzy logic [5]. 
Despite the numerous adaptation techniques at our disposal, 
fuzzy logic remains unquestionably a standout choice. Fuzzy 
logic is a branch of artificial intelligence which is responsible 
for handling uncertain situations. Indeed, it can model the 
complexity of several characteristics, including the ones of 
users, and offer a sophisticated tool for decision making. 
Fuzzy logic is based on the concept of fuzzy sets, which 
allows for the representation of linguistic variables as well as 
gradual transitions between different states rather than strict 
binary distinctions. 

Analyzing the related literature, it can be inferred that 
adaptivity plays a crucial role in building personalized 
learning environments. The same also applies in virtual 
educational environments, where researchers have explored 
various ways to tailor the learning experience to learners based 
on their requirements and preferences [6-15]. In more detail, 
in these works, the researchers have focused on enhancing the 
engagement, motivation and the learning outcomes through 
adaptivity. Moreover, within the concept of adaptivity, fuzzy 
logic has been utilized as a powerful tool for its advancement. 
Indeed, the researchers have employed fuzzy logic for 
representing and managing variables like student preferences, 
cognitive load and emotional states, allowing for a nuanced 
adaptation of content and challenges to optimize the learning 
process [16-25]. 



In view of the above, this paper presents a novel adaptivity 
mechanism for tailoring the challenges presented to users in a 
virtual educational game. To achieve this, the proposed 
system uses a fuzzy control system to personalize an 
educational virtual game by adjusting content, challenges, and 
virtual character behavior. This system considers inputs like 
student progress, gaming time, and knowledge to maintain an 
engaging and adaptive learning experience.  The fuzzy control 
system predicts the game’s challenge level, ensuring tasks 
align with the player’s abilities to maintain motivation. Then, 
several fuzzy rules are applied to provide the key concepts for 
challenges that will be delivered to users. This adaptation 
extends to the behavior of virtual characters, the learning path, 
and the complexity of puzzles and tasks, all designed to align 
with learning objectives and the students’ proficiency level.  
As a testbed for our research, the virtual game is designed with 
a focus on facilitating the learning of C++ programming 
concepts, covering a spectrum from novice to more advanced 
topics.  

II. FUZZY-BASED DETECTION OF CHALLENGING LEVEL 

The proposed system provides an innovative way of 

adapting to student profile using a fuzzy control system. In 

particular, the developed educational virtual game adjusts its 

content and challenges to match the individual needs and 

progress of each student. This feature is a crucial for 

enhancing the effectiveness of the game by making learning 
more engaging, personalized, and efficient. 

The fuzzy control system is applied to predict the level of 
challenge in the game. This parameter represents how 
demanding the game's tasks, puzzles, problems, or challenges 
are for the player to complete or solve. It encourages the player 
to stay engaged and motivated to overcome obstacles and 
learn new concepts. As such, game difficulty matches the 
player's abilities, resulting in an enjoyable and productive 
learning experience. Based on the challenging level, the 
developed game adjusts the following: 

• The behavior of the virtual characters, included in the 
game environment. The virtual characters either 
facilitates or complicates the navigation of students, 
by helping guide students or generating obstacles, 
respectively. 

• The learning path, by providing personalized content 
and advancing the plot according to player profile. 

• The puzzles and tasks needed to be solved, ensuring 
that they are aligned with the learning objectives and 
match student current level of proficiency.  

The fuzzy control system is composed of three primary 
components: the fuzzification module, the inference engine, 
and the defuzzification module. In the fuzzification phase, it 
takes the input crisp set and transforms it into a fuzzy set using 
triangular membership functions. Afterwards, the inference 
mechanism computes fuzzy outputs by applying the Mamdani 
method to combine the active rules of the IF-THEN rule base, 
consisted of 81 statements. Finally, the defuzzification 
module applies the Center of Gravity (COG) technique to 
translate the resultant fuzzy output into a crisp value based on 
triangular membership functions. Fig. 1 illustrates the 
architecture of the fuzzy control system employed. 

 

Fig. 1. Architecture of the fuzzy control system 

The input set of the fuzzy model includes the following: 

• Student progress (SP): It refers to the ratio of the 
completed puzzles, tasks and missions to the total 
ones required from the game. 

• Gaming time (GT): It is about the ratio of time the 
student has spent playing to the set timeframe. 

• Student knowledge (SK): It concerns the knowledge 
acquisition measured by the scores achieved in the 
quizzes and assessments within the game. 

The output of the fuzzy model is the following: 

• Challenging level (CL): It refers to the degree of 
difficulty or complexity presented to the player while 
engaging with the game's educational content. 

All the variables are arithmetical values converting into 
fuzzy ones based on triangular membership functions. Table 
1 shows the fuzzy input and output set. For instance, the 
equations of the membership functions of student progress are 
the following: 
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Fig. 2 illustrates the scheme of above membership 
functions. All the other variables are represented 
correspondingly.  

 

Fig. 2. Scheme of triangular membership functions of Student Progress 
variable (LSP: Low Student Progress; ISP: Intermediate Student Progress; 
ASP: Advanced Student Progress) 

TABLE I.  FUZZY INPUT AND OUTPUT SET OF DETECTING 

CHALLEGING LEVEL  

Variable Linguistic Term Symbol Interval 

Input Set 

Student 

Progress (SP) 

Low LSP (0, 0.2, 0.4)  

Intermediate ISP (0.3, 0.5, 0.7)  

Advanced ASP (0.6, 0.8, 1)  

Gaming Time 

(GT) 

Start SGT (0, 0.2, 0.4)  

Middle MGT (0.3, 0.5, 0.7)  

End EGT (0.6, 0.8, 1)  

Student 

Knowledge 

(SK) 

Novice NSK (0, 0.2, 0.4)  

Intermediate ISK (0.3, 0.5, 0.7)  

Advanced ASK (0.6, 0.8, 1)  

Output Set 

Challenging 

Level (CL) 

Easy ECL (0, 0.2, 0.4)  

Intermediate ICL (0.3, 0.5, 0.7)  

Difficult DCL (0.6, 0.8, 1)  

 

Regarding the rule base, the formulation of the 81 IF-
THEN statements was based on the authors’ experience in 
implementing fuzzy control systems [5, 16, 20], as well as 
educational games [4, 26]. The rationale behind the 
construction of these statements is that the more easily and fast 
a good student solves the game's puzzles/tasks/missions, the 
more complex the challenges provided to them are. On the 
other hand, the more a student with low cognitive level finds 
it difficult and delay to solve the puzzles/tasks/missions, the 
easier and more supportive the environment becomes. A 
sample of the defined fuzzy rules is the following: 

• IF SP = LSP and GT = SGT and SK = NSK THEN 
CL = ECL  

• IF SP = LSP and GT = SGT and SK = ASK THEN 
CL = ICL  

• IF SP = ISP and GT = MGT and SK = LSK THEN 
CL = ICL  

• IF SP = ISP and GT = SGT and SK = ASK THEN 
CL = DCL  

• IF SP = ASP and GT = EGT and SK = ISK THEN 
CL = ICL  

• IF SP = ASP and GT = MGT and SK = ISK THEN 
CL = DCL 

The scope of the fuzzy rules is to predict the challenging 
lever properly for adjusting game difficulty dynamically. 
Therefore, if a student is finding the game too easy, the system 
can introduce more challenging obstacles and puzzles to keep 
student experience engaging. Conversely, if the student is 
struggling, the game simplify tasks and provide additional 
guidance. To better clarify the functionality of this inference, 
an example of operation is given. In this case, a student, 
named Mary, is a very good student (SK = ASK). While she 
is playing, she solves very fast the puzzles of the game (SP = 
ISP, GT = SGT). As such, the system provides her more 
complex challenges to match her needs and abilities (CL = 
DCL), maintaining her motivation and engagement. 

III. SYSTEM EVALUATION AND DISCUSSION 

Evaluating educational virtual games is crucial to assess 

their effectiveness in promoting learning outcomes and 

engaging students. As such, an evaluation model for 

assessing the presented system was developed based on the 

pertinent literature [16]. The model considers four aspects of 
the game's effectiveness: 

• Game engagement and experience, to analyze the 

game’s ability to engage and motivate students. 

• Educational effectiveness, to ensure the game meets 

learning objectives and enhances students’ 
understanding of the subject matter. 

• Usability, to ensure the game is user-friendly and 

effective learning tools. 

• User satisfaction, to understand how well the game 

meets the needs and expectations of learners. 

 In order to evaluate model’s aspects, a questionnaire 
consists of 12 questions was conducted, namely three question 

items per aspect. The survey uses a 5-point Likert scale, 

ranging from “Very Dissatisfying” to “Very Satisfying”, to 

measure respondents’ opinion and attitude. Table II shows the 

questionnaire used for assessing the developed system. 

 The survey was conducted among 40 university students, 
namely 22 males and 18 females, having similar 

characteristics. In particular, all students study at the same 

class in the same University, being in average 18-22 years old. 

Prior to using the educational virtual game, students received 

instructions on its usage and information regarding its features 
and functionalities. It was noted that students quickly 

acclimated to the system’s usage. Throughout their interaction 

with the system, they displayed a strong affinity for it and 

devoted a significant amount of time to using it daily. 

TABLE II.  EDUCATIONAL VIRTUAL GAME EVALUATION 

QUESTIONNAIRE  

Aspects # Question Item 

Game Engagement 

and Experience 

1 

How would you rate the overall 

enjoyment and engagement level of the 

game? 

2 
Did the game motivate you to continue 

playing and learning? 

3 
To which degree the challenging level 

of the game met your expectations? 

Educational 

Effectiveness 

4 

Do you believe that this game has 

helped you improve your knowledge 

and skills in the subject it covers? 

5 

Do you think the game aligns with the 

educational objectives or learning 

goals it aims to address? 

LSP        ISP          ASP 



6 

Have you noticed any improvements in 

your problem-solving or critical 

thinking abilities as a result of playing 

this game? 

Usability 

7 
How would you rate the ease of use and 

navigation of the game's interface? 

8 
Were the game instructions clear and 

understandable? 

9 
Were the game controls intuitive and 

responsive? 

User Satisfaction 

10 
How satisfied were you with the 

game's overall experience? 

11 

Were the educational content and 

challenges in the game relevant to your 

needs and skill level? 

12 

Based on your experience, would you 

recommend this game to other 

learners? 

 

The evaluation results are illustrated in Fig. 3 and Fig. 4. 
The results in Fig. 4 are aggregated into three categories, 

namely high acceptance emerged from the average percentage 

of “Satisfying” and “Very Satisfying” answers of the 

questions belonging to each aspect, average acceptance 

calculating correspondingly from “Neutral” answers, and low 

acceptance resulted respectively from “Dissatisfying” and 
“Very Dissatisfying” answers.  

As it is observed, the students expressed their strong 

acceptance of the system in all evaluation aspects. Regarding 

the game engagement and experience aspect, the vast majority 

of the students found the game experience very enjoyable and 
engaging, with the satisfaction level exceeding 80%. 

Moreover, it seems that the game motivated them to continue 

playing and being involved in the learning process (up to 80% 

the “Satisfying” and “Very Satisfying” answers). More than 

80% of the students stated that the challenging level of the 

game met their expectations. 
Concerning the educational effectiveness of the game, the 

77.5% of the participants believe that the game helped them 

improve their knowledge and skills in programming subject. 

Also, the same percentage found the game consistent with the 

learning objectives. The 72.5% of the students was satisfied 

with the extent to which playing the game has helped them 
improve their problem-solving and critical thinking abilities.   

The usability of the system was rated highly, with 

satisfying level around 80%. The students found the game’s 

interface ease of use, as well as its instructions clear and 

understandable. Moreover, it seems they did not face technical 
problems while playing the game, since they found its controls 

intuitive and responsive. 

Regarding user satisfaction, the vast majority of the 

participants (more than 80%) were immensely satisfied with 

the overall game experience, having the intention to 

recommend it to other students. Furthermore, the survey 
shows that the educational content and the challenging level 

provided by the game were relevant to players’ needs and 

abilities. 

 

 

Fig. 3. Evaluation results. 

 

Fig. 4. Aggregated evaluation results. 

 In order to further assess the educational affordance of the 
virtual game, a pre-test/post-test evaluation design without a 
control group was conducted. Students completed a 
knowledge assessment before the learning process using the 
game and after the end of the intervention. The test scores 
ranged from 1 to 100. On average, there was a statistically 
significant increase in students’ performance on the 
assessment after completing the intervention, having Mean 
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Difference = 19.28, Standard Deviation = 11.45, t = 7.965, p 
< 0.01, 95% Confidence Interval [15.31, 23.25]. This 
improvement can be described as substantial (Cohen’s d = 
1.58). 

To sum up, the positive evaluation results of the 
educational virtual game are indeed encouraging for adopting 
this technology in learning process. As it shown, the game has 
effectively met its educational objectives. Students, after 
engaging with the game, demonstrated significant 
improvements in their knowledge and skills. The game's 
content was not only engaging but also aligned with the 
curriculum, ensuring its relevance to the educational goals. 
Furthermore, the interactive elements and clear instructions 
within the game contributed to a positive learning experience. 
These positive evaluation results affirm the game’s value as 
an effective educational tool, demonstrating its potential to 
enhance the learning experience of students. 

IV. CONCLUSIONS 

In conclusion, this paper has explored the integration of 
fuzzy logic in order to enhance the learning experience and 
outcomes of users, learning C++ programming concepts. The 
system takes as input several characteristics (SP, GT, SK) and 
applies a set of rules to adjust the complexity and pacing of 
challenges. The system has been evaluated and the results are 
very promising in terms of game engagement and experience, 
educational effectiveness, usability and user satisfaction. 

It is in our future plans to further refine the fuzzy logic-
based adaptivity mechanism in order to explore whether it 
enhances its precision and effectiveness. Moreover, we plan 
to extend the evaluation by incorporating statistical analysis 
methods such as the student’s t-test. This will allow us to gain 
a more comprehensive understanding of the impact and 
effectiveness of the presented mechanism in our educational 
game environment.  
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