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Abstract. In higher education institutions, teachers are increasingly faced with the challenge of keeping
learners interested and helping them study. In this context, serious games that use artificial intelligence are
becoming new and creative ways to teach, mixing ludic and pedagogical aspects. Artificial intelligence
enables this tool to dynamically adapt educational content to learning profiles, track progress, adjust task
difficulty, and offer intelligent, instant feedback. It is in this perspective that our contribution fits in,
proposing a serious game enriched by an intelligent tutor intended for learning algorithms and programming
within the Computer Science department of the Polydisciplinary Faculty of Nador. The approach is based
on an architecture that analyzes learner interaction and offers personalized educational content. This method
aims to place the learner at the center of the learning process through progressive guidance, personalized
feedback, and changing activities that grow with the learner's progress. The experimental results show that
86% of participants appreciated the fact that the intelligent tutor adjusted the level of difficulty, the nature
of the challenges, and the progression of the scenario to maintain a balance between motivation and learning.

1 Introduction

Today, higher education faces the dual challenge of
maintaining learner engagement while promoting the
development of complex technical and cognitive skills
that are essential for academic and professional success
[1], [2]. The transformation of education, accelerated by
the COVID-19 crisis, has reinforced the need to
integrate digital technologies and the Internet into the
educational setting to prepare learners for a highly
digitalized society and provide them with more varied
and interactive learning experiences [3], [4].

In this context, serious games (SGs) represent an
innovative pedagogical approach, combining ludic
mechanisms with pedagogy objectives, for the aim of
stimulating motivation, engagement, and active
involvement among learners [5]-[9]. Several studies
[5], [10], [11] emphasize that these tools encourage
experiential learning, allowing learners to progress at
their own pace, experiment, make mistakes, and
gradually build their knowledge through immersive and
interactive situations. This approach is particularly
suited to the profiles of new generations of learners, who
have grown up in digital environments and show a
preference for active learning [12], [13]. The integration
of artificial intelligence in SGs represents a major
advancement, moving beyond static game models to
create personalized, adaptive learning environments
[14]. 1t also allows for real-time feedback, dynamic
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adjustment of activity difficulty, and customization of
leamning courses according to each leamer's profile,
level, and pace [15], [16]. These mechanisms not only
help to boost learners' motivation and autonomy, but
also improve their understanding of concepts through
interaction with the SG [17].

In the field of computer programming, many studies
[18], [19] have shown that using artificial intelligence in
SGs can be highly beneficial. The study [20]
demonstrates, using real experiments, that using
feedback that changes based on machine learning greatly
increases how much learners get involved and how
much they improve in the SG. In addition, the study [21]
aims to understand how learners engage with a
programming SG, using learning analytics to closely
analyze these interactions, thereby offering useful
insights for adapting leaming experiences and
supporting teachers in making more informed
educational choices.

From this perspective, integrating an intelligent tutor
into SGs seems to be a significant step in organizing and
enhancing the learning process. The intelligent tutor
observes the learner's actions to help them develop
solutions, identify errors, and provide feedback tailored
to their learning level.

This work focuses on a pedagogical difficulty
observed among fourth-semester learners (S4) in web
programming (JavaScript) at the Computer Science
department of the Polydisciplinary Faculty of Nador
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(FPN). Although they studied algorithms in the first- and
second-semester modules (S1 and S2), many learners
still have gaps in their knowledge of algorithmic
analysis and problem solving, which limits their ability
to understand and develop applications in JavaScript.
This situation can be explained in particular by the fact
that some learners enter semester S4 without having
completed all the fundamental modules of semesters S1
and S2, which leads to gaps in the basic skills required
for programming. To address this issue, this contribution
proposes the design of a SG incorporating an intelligent
tutoring system, intended to support the learning of
algorithms and programming with JavaScript and
Python languages in an interactive educational
environment. The system offers personalized support,
provides immediate feedback on learner performance,
and dynamically adapts exercises and tasks according to
their level and the difficulties encountered.

The originality of this contribution lies in the design
of an adaptive SG architecture combining an intelligent
tutoring system with interactive learning activities, thus
creating a dynamic and flexible learning environment.
In this context, the intelligent tutor relies on a symbolic
expert system based on explicit pedagogical rules to
guide learners and provide instant adaptive feedback. In
addition, the SG was designed by teachers who are
experts in these fields and have a good understanding of
the difficulties frequently encountered by learners,
which helped guide the design of the educational
activities and integrated support mechanisms.

After this paper's introduction, the second section is
reserved for the presentation of the research method,
which presents the proposed SGs and the experimental
protocol used to evaluate this SG. The third section is
devoted to the analysis of the obtained results from the
experiment and the discussion of the results. Finally, the
conclusion summarizes the main findings of the study
and gives ideas for future studies.

2 Methodology

This section explains the approach used to create a SG
that includes an intelligent tutor powered by artificial
intelligence. The tutor is designed to be a flexible
teaching assistant that helps the learner progressively
acquire skills in algorithms and supports them in using
these skills when writing code in languages like Python
and JavaScript.

The content is structured as follows. First, we
introduce the background and design of the proposed
SG. Next, we present the architecture of the intelligent
tutor integrated into the SG and explain the operating
process of the intelligent tutor. Subsequently, we
describe the mathematical model used to measure
leamers’ progress. Then, we discuss the practical
considerations for teachers regarding the integration of
the SG in educational situations. and finally, we
describe the experiment used to evaluate how effective
the SG is in teaching.

2.1 Background of the proposed serious game

The history of our SG is set in a region where a
superhero-in-training evolves in an intelligent digital
environment. This region is made up of two main zones:
a modem city and a connected countryside. The SG's
narrative serves an educational purpose, aiding learners
in grasping algorithms and programming through a
progressive and meaningful approach, while making the
learning process more engaging through a ludic aspect.
In this adventure, the hero uses algorithms to help the
inhabitants solve their everyday problems. Each mission
consists of a problem, organizing it, and proposing a
solution using algorithms. The superhero then puts this
solution into code for developing reasoning and
problem-solving skills. The scenario of our SG is
divided into three main phases: in the first phase, the
hero goes to a training center where they learn the basics
of algorithms. The training center aims to teach how to
create algorithms that use conditions, loops, and other
concepts. The second phase takes place in the city,
where algorithmic challenges are conducted in Python
to address real-life problems. Finally, the third phase
takes place in the countryside, where the same
algorithms are adjusted to work in JavaScript, allowing
them to manage interactive scenarios. In addition, when
the problem allows it, the learner can also translate a
Python solution into JavaScript—or, conversely, a
JavaScript solution into Python—in order to compare
the two implementations and assess their programming
skills across different languages. The goal of this
proposed scenario is to strengthen the algorithmic
thinking of S1 and S2 leamers, to reinforce their
programming skills, and to help S4 learners improve
their algorithmic reasoning and advance their JavaScript
web programming skills. Table 1 provides an overview
of the several phases of the SG, the learing
environments, the programming concepts targeted, and
the learning objectives.

Table 1. Phases of the serious game and related learning

goals
Phases Learning Objectives
Understand the concepts of algorithmic
Qs thinking and acquire skills to develop
% %‘ algorithms using essen'ti'al programming
=) concepts such as conditions and
o iterations.
Use algorithmic principles to tackle real-
world challenges with Python and
Q improve problem-solving skills in a
< practical setting.
Adapt previously developed algorithms
o for JavaScript and integrate them into
g interactive situations, reinforcing learners'
g ability to transfer their programming
w . .
o skills between different languages.
[¢]

Figure 1 shows the structure of a traditional exercise
integrated into the SG, including the problem statement,



EPJ Web of Conferences 374, 02001 (2026)
ICEODIS 2026

https://doi.org/10.1051/epjcont/202637402001

its algorithmic solution, and its implementations in
Python and JavaScript.

Fig. 1. Example of a learning scenario used in the serious
game.

This scenario helps learners first understand the
algorithmic logic of the problem and then see how that
logic can be implemented in different programming
languages. This method aims to improve leamers'
algorithmic thinking while gradually developing their
programming skills within an interactive learning
environment. During this process, the intelligent tutor
adapts the learning path by offering challenges tailored
to the leamer’s level and recommending specific
exercises based on the difficulties encountered, thus
ensuring a personalized learning experience. The
efficacy of a SG depends on a good balance between its
ludic and educational aspects. The SG must both
encourage learner engagement and motivation while
ensuring that the intended educational objectives are
attained.

For this reason, it is essential to establish a precise and
harmonious structure for the components of the SG,
particularly the educational activities, challenge levels,
feedback systems, and interactive elements. This
structure enhances both the enjoyment of the game and
the effectiveness of learning. To make this SG suitable
for learning, the design focused on both the technical
elements and the game mechanics that encourage

learner motivation. Figure 2 shows the structure of our
SG.

Fig. 2. Architecture of the proposed serious game.

Learners need to enjoy the SG, perform relevant
actions ludic, and leamn. According to several research
studies [22]-[24] certain key characteristics of SGs
strongly influence learner engagement and enjoyment,

including: fun, motivation, rules, goals, challenges,
competition, control, curiosity, imagination, interaction,
adaptability, and feedback. In order to ensure a
satisfactory user interface consistent with these
principles, the design process was quite lengthy and
iterative.

The experts repeatedly revised the messages and
pedagogical elements intended for leamers. At first, a
paper prototype was created based on the game's
requirements, learning goals, messages for players, and
initial assumptions. This was then thoroughly reviewed
and discussed with experts in the field. To structure this
design process, we used the Six Facets tool for analyzing
and designing SGs [23]. One of the main advantages of
this tool is that it allows us to identify the most qualified
experts for each aspect of design, while facilitating a
methodical, structured and organized analysis.

2.2 Architecture of the Intelligent Tutor
Integrated into Serious Game

The proposed SG is based on an interaction triangle
involving the teacher, the leamer, and the intelligent
tutor embedded in the SG (Figure 3). The learner
engages in learning activities through the SG
environment.

The intelligent tutor analyzes the learner's actions and
offers recommendations and tailored feedback
throughout the leaming process. When a learner
encounters difficulties, the tutor provides additional
explanations and recommends easier activities before
moving on to more complex tasks.

Learner

Intelligent Model

Fig. 3. Architecture of the intelligent tutor integrated into
serious game.

In our approach, the intelligent tutor evaluates
leamers’ responses and dynamically adjusts the
difficulty of the exercises. It uses a rule-based expert
system to adapt learning activities based on the learner’s
performance. The teacher supervises the system by
updating the knowledge base and pedagogical rules.
Figure 4 illustrates the adaptive learning process
implemented by the intelligent tutor.
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Fig. 4. Adaptive decision process of the intelligent tutor in the
serious game.

In addition, the intelligent tutor is made up of five
main components that are interconnected to adapt
teaching, monitor learner progress and offer
personalized help during the SG.

I-Learner Model: this model shows the learner's
information, keeping track of their ability, how much
they've learned, the problems they keep facing, and how
fast they learn. This model changes as the SG goes on
and serves as the foundation for customizing the
experience.

2-Pedagogical knowledge base: this includes ideas
about algorithms, rules for coding, teaching situations,
common mistakes, and correct answers for each part of
the game (algorithmic, Python, JavaScript).

3-Inference engine: this module uses IF-THEN
teaching rules to look at how players act. It decides on
the right actions to take, like giving hints, restating
directions, changing the level of challenge, or
suggesting specific exercises.

4-Adaptation module: Provides instant or delayed
feedback, changes the difficulty of the tasks, and helps
the player move forward based on their skill and how
they're doing, making sure the learning process is steady
and encouraging.

5-Evaluation module: this module figures out scores,
success rates, and the levels people reach, and sends that
information to the statistics, score, and high score
sections, which helps keep track of how well someone
is learning overall.

All five components work together to provide an
interactive, personalized and effective learning
experience, enhancing both  motivation and
understanding of the pedagogical concepts presented.

2.3 Operating process of the intelligent tutor

The knowledge base includes teaching exercises, rules
for algorithms, common mistakes made by the learner
and ways of correcting these mistakes for each of the
three SG stages: learning algorithms, writing Python
code and writing JavaScript code. The inference engine
uses this knowledge to understand what the player is
doing, determine what they are good at and what they
find difficult, and then provide the right leaming
support.  Throughout each SG session, the tutor
examines the player's responses, the speed with which
he solves problems, the mistakes he makes and the
decisions he makes. Then the tutor checks these against
the correct examples to see how they're doing. Based on
this analysis, the tutor gives targeted feedback, advice,

clear explanations of key ideas or additional practical
exercises. The tutor determines the levels of difficulty,
the types of challenges the hero faces and how the story
progresses. This helps to keep the hero motivated while
learning, offering help that meets his needs and grows
as he goes through each part of the SG. Figure 5 shows
the functional process of the intelligent tutor.

o Y sl

Learner Model

i
IJ =1 Updates
|

Evaluation Module 0 tow e e S MR

£ IHM\'H
Rules

Inference Engine +——+ Knowledge Base |

Adaptation and Feedback Module  ========~ e

Fig. 5. Operating process of the intelligent tutor Integrated into
serious game.

All components of the intelligent tutor use special data
structures and ways of processing information. They
help to understand how learmers behave, make decisions
about pedagogical concepts and adjust pedagogical
content accordingly. = The knowledge base uses
structured JSON files, which enable flexible, scalable
management of algorithms, teaching rules and leaming
resources, ensuring a progressive, learner-centered
learning experience. The learner model uses a MySQL
relational database to track in an organized way how a
learner interacts, behaves and progresses in the SG. The
other modules use reasoning, adaptation and evaluation
methods.

2.4 Mathematical model for measuring the
progress of learners

The evaluation module takes the raw data from the
learner model and turns it into important measures that
help track how much a learner is progressing. The main
calculations are:
1-Success rate: measures the learner’s ability to
correctly solve the proposed activities.

Success rate (%) =
(Number of correct answers) % 100 0

Total number of answers

2-Aggregated score: displays the learner's overall level
of accomplishment across all proposed tasks.
Total score =
Y, Points obtained for exercise i )

3-Average score: indicates the average level of
performance of the learner.

(XL, Points obtained )
Average score = - 3)
Total number of exercises
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4-Difficulty indicator: represents the level of difficulty
of the tasks and the learner's level.

NErrors
NTotal

TAvg
TMax

D=p- +1-B)- @

The difficulty indicator shows how hard a task is. The
higher the number D is, the harder the task. The lower
the number D is, the easier the task. It is calculated
based on the number of errors, the total number of
exercises, the average time taken to solve them, and a
weighting coefficient which helps combine these factors
to get a balanced assessment of the difficulty.

5-Performance indicator: shows the learner's ability to
accomplish learning objectives.

TAvg
TMax

NCorrect
NTotal

P=«a +(1-a)-1-

) ®)

The performance indicator evaluates the overall level
of the learner. The closer P is to 1, the better
performance, and the closer it is to 0, the worse
performance. It is based on the number of correct
answers and uses a weighting coefficient. The «
parameter is between 0 and 1 to balance the importance
between accuracy (how good the answers are) and
efficiency (how fast the solution is found), providing a
comprehensive measure of performance. The results
from these equations are sent back into the learner model
to optimize progress tracking, then sent to the inference
engine, which adjusts the learning content and suggests
specific activities based on the leamer's needs. These
indicators provide an estimate of learner performance,
and their reliability increases when consistent results are
seen across a variety of activities. However, even though
these indicators provide valuable data on learner
performance, they can still be affected by extreme
completion times or atypical learner behavior.

2.5 Practical considerations for teachers

The developed SG can be incorporated into tutorial
sessions to enhance learners' understanding in areas
such as algorithms, Python, and JavaScript. At the
beginning of each tutorial session, learners participate in
a SG before moving on to the usual exercises. Each
session lasts approximately 30 minutes and includes
three levels of increasing difficulty: Level 1 (~5
minutes), Level 2 (~10 minutes), and Level 3 (~15
minutes). The overall duration can vary between 30 and
45 minutes, depending on the pace of the leamers and
the teacher's recommendations. Each stage represents an
increasingly complex exercise, with specific guidelines
and clarifications provided to support learners during
the activity. The SG is designed to integrate easily into
classroom teaching methods, allowing teachers to
combine interactive games with other traditional
activities. This approach enables learners to gradually
build their skills while fostering engagement and active
participation in classroom activities.

2.6 Serious Game evaluation

In this section, we provide a detailed explanation of
the experiment setup wused in evaluating the
effectiveness, usability, and suitability of our SG for
educational purposes. The evaluation consisted of three
distinct testing phases: alpha, beta, and gamma (Figure
6). The first test, named alpha, was designed to closely
examine how easy the SG is to use, how useful it is, and
how much the audience enjoys it. The second
experiment, named beta, aimed to determine how useful
and comfortable our SG was, based on teachers’
opinions. The third test, called gamma, was conducted
to assess how the SGs impact various aspects of
learning, such as concentration, learner immersion, and
knowledge acquisition. The objective was to determine
how leamers feel about the SG and to evaluate its
effectiveness as a teaching tool in the classroom.

Phases Alpha Beta Gamma

Steps Creating the game Before using the game After using the game

GAME'S PERFORMANCE GAME RELEVANCE GAME EFFICIENCY
Objectives A Evaluation of: Evaluation of:
Evaluation of: o . L <
. i Structure, Interface and Use Coneentration, immersion and
Usability, utility and 8
bility, utiity knowledge acquisition
acceptability
Designers + Develapers +
Learners

Evaluators Teachers Learners

Evaluation ettt T TTOTRETT Pre-test + Questionnaire +
means Post-test

ANALYSIS'

Fig. 6. Game evaluation process.

1-First experiment: the alpha phase combines an
analytical and an empirical evaluation to see how well
the SG works overall. The designers do the analysis to
check how the story works, how easy the controls are to
use, and if the teaching contents fit the learning goals.
At the same time, an actual test was done with about 400
learners from FPN who were interested in algorithms,
JavaScript and Python. After playing the SG and using
the intelligent tutor, learners fill out a questionnaire (See
the Appendix A) that uses a 5-point scale to check how
satisfied they are, how motivated they feel, how clear
the advice is, and how well they understand the
concepts.

The utility (Table 2) of the SG is assessed on its ability
to facilitate leaming and understanding of concepts in
algorithmic, JavaScript, and Python. Analytical
evaluation verifies that the tutor’s exercises and
feedbacks are in line with the pedagogical objectives,
while empirical evaluation measures whether learners
actually achieve these objectives through their
interaction with the SG.

Table 2. Utility criteria.
Analytical
evaluation evaluation

Coherence between Relevance of the
Content | the exercises proposed | proposed

(A1) and the JS/Python exercises.
concepts to be learned
Levels of | Progression of
difficulty | exercises and

(A2) challenges.

Criteria Empirical

Impact of
difficulty levels on
skill acquisition.
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Assessment that the Measurement of
Tutor . - .
tutor is providing the effectiveness
feedback - .
(A3) appropriate hints and of feedback on
corrections. exercise success.
Integration of rules, Impact on
Gameplay | challenges engagement and
(A4) learning
progression.

The usability (Table 3) of the SG measures the ease of
use and the pleasure of learning. Analytical evaluation
examines the simplicity of interactions, clarity of
instructions and SG ergonomics, while empirical
evaluation evaluates learners' satisfaction and
understanding during their interaction with the SG.

Table 3. Usability criteria.

Criteria Analytl.c al Emplrl.cal
evaluation evaluation
Exercises are Measure of
. easy to satisfaction and
Ease of learning .
(B1) understand and | enjoyment when
carry out. resolving
exercises.
The intelligent Degree of
tutor clearly understanding of
E f B2 . . .
ase of use (B2) guides the tutor's instructions
learner. and advice.

The acceptability (Table 4) evaluates the compatibility
of the SG with learner profile and intelligent tutor
adoption. Analytical evaluation checks the adaptation to
different profiles (beginner, intermediate, advanced)
and the availability of resources, while empirical
evaluation measures the motivation, interest and
enjoyment of learners during SG sessions.

Table 4. Acceptability criteria.

Criteria Analytl.cal Emplr{cal
evaluation evaluation
|Adaptation to Compatibility of

Player profile (C1) [skill levels exercises and tutor

with learner's level

IRespect for Acceptance of tutor's
Player ethics (C2) |confidentiality instructions and
and good practice |methods

Assessment that  |Level of enjoyment
the tutor is and motivation
[ntegration of during learning
scores, badges sessions

and feedback

Satisfaction (C3)

2-Second experience: this step involved two
experienced teachers who are familiar with algorithms,
JavaScript, and Python. First, they tested the SG to
understand its features and its pedagogical content.
Then, they wused the tool for the analysis,
characterization, and evaluation of SGs [25], which is
based on 23 evaluation criteria, to give a score for each
criterion. The teachers' results, we were able to assess
the game's effectiveness, how easy it is to use, and
whether it is suitable for use in class.
3-Third experiment: This step was carried out with
learners in the Computer Science department of FPN,
including learners from semester S1, module Algorithm

and Python Programming, as well as those from
semester S4, JavaScript Programming module. The
sample included 264 learners who agreed to participate,
including 159 in JavaScript and 105 in Algorithm and
Python. The learners participated in a SG activity,
supervised by the two teachers from second experience.
A pre-test questionnaire (See the Appendix B) was used
before the use of the SG to measure three key
dimensions: concentration, immersion, and knowledge
acquisition. The survey used a Likert scale (1 = strongly
disagree, 5 = strongly agree) and included various items
designed to measure learners' perceptions of their
attention during the activity, their degree of immersion,
and their perceived improvement in knowledge. During
the activity ludic, a second questionnaire was distributed
to collect their opinion on the utility of the SG for
teaching, its aid in learning, the quality of the scenario
and gameplay, and the effectiveness of the intelligent
tutor. After the SG session, a post-test was performed to
compare the results with the pre-test.

3 Results and Discussion

3.1 Results

In the first experiment, the average score from the
analytical evaluation done during the design phase is
higher than 3 (Table 5). This explains the functional
quality of the SG.

Table 5. Results of the analytical evaluation—A1, A2, A3,
other. —are defined in Table 2-3-4.

Dimension Criteria ‘ Analytical evaluation

2 3 4 5
Utility (Al) X

(A2) x

(A3) x

(A4) x

Usability (B1) X
(B2) x
Acceptability (C1H X
(€2) x
(C3) x

During the experiment, mean scores for responses
ranged from 3.33 to 4.47, and the standard deviation was
between 0.43 and 0.86 (Figure 7). The results indicate
that most learners have a positive attitude.

A2 A3 A4 Bl B2|Cl C2 C3
B Average Rating 3,77 3,334,22/4,474,38/4,164,17/3,73 3,63

S = N W B W

Fig. 7. Average and standard deviation of the empirical
evaluation. —A1, A2, A3, other. —are defined in Table 2-3-
4.
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In the second experiment, we aimed to demonstrate
that the proposed SG is suitable for use in a learning
context. We used the SG evaluation grid to rate each
criterion, which resulted (Figure 8) in an overall score
of 19, or 81.8% of the criteria being satisfied.

Degree of relevance and precision for the scientific
topic is high; the degree of coherence and clarity in the
game's story is satisfactory; the degree of motivation and
progression is appropriate for the learers; the degree of
ease of use and enjoyment is pleasant and intuitive; the
degree of comprehension and adaptability is relevant;
and the degree of alignment, integration, and interest is
acceptable. This result shows that our SG works well for
learning through play in a pedagogical context.

Degree of relevance and precision for the
scientific topic

Degree of coherence and clarity in the game's
story

Structure

Degree of motivation and progress tailored to the

I°8
)
!5
@
3

Degree of conviviality and pleasure in using the game

Interface

Degree of relevance of prerequisites and time

Use

Degree of adjustment, integration and interest

Fig. 8. Results of the evaluation of our serious game using the
tool [25].

In the third experiment, it was observed that the SG
had a beneficial effect on learners. The data (Table 6)
indicate that the average concentration score increased
from 4.32 to 4.55. Immersion also increased, from 3.80
to 4.20. Knowledge also increased, from 3.50 to 3.85.
This indicates that learners observed progress in all three
areas examined. In addition, standard deviations decreased
slightly. This indicates that learner performance and
satisfaction became more consistent following the use of
the SG. The expected standard deviations are 0.50,
which reflects the usual variation among learners. In
summary, these results indicate that the SG enabled
learners to focus more effectively. It also helped them to
increase their engagement in the activity and improve
their understanding of the content. The SG therefore had
a positive influence on the learners.

Table 6. Results of the pre-test and post-test of our serous

game.

Pre-test Post-test Mean

Dimension (M £ SD) (M £ SD) Differ
ence
Concentration 4.32+£0.50 4.55+0.50 +0.23
Immersion 3.80 +£0.50 4.20 +0.50 +0.40
knowledge 3.50+0.50 3.85+0.50 +0.35

acquisition

Nevertheless, the use of the SG has allowed them to
consolidate their achievements and maintain their
motivation and commitment. A fter learners used the SG,
the survey results showed that out of the 246 leamers
who took part, 86% believed that playing the SG helped
with certain learning activities. The participants
confirmed that the SG story was really good, and 96%
ofthem said the situation felt real. Most learners, which
is 86%, liked the gameplay and the help they got from
the intelligent tutor. Finally, 80% of the participants
who took part liked the information feature on every
mission. This lets the player know what the mission is
about before they start, and also gives them tips on what
they need to learn.

3.2 Discussion

The results from the SG evaluation show that it has a
good overall quality and helps learners’ study in a
positive way. During the design phase, the analysis gave
an average score higher than 3, showing that the SG was
already of good quality. During the empirical
evaluation, the average scores were between 3.33 and
4.47, and the standard deviations were between 0.43 and
0.86, which means most learners had a good opinion of
our SG. In the second experiment, the tool for the
analysis, characterization, and evaluation of SGs [25]
helped assess the SG using clear guidelines, resulting in
an overall score of 18, which means 78.3% of'the criteria
were satisfied. This shows that the SG is appropriate for
a learning setting. In the third experiment, the pre-tests
and post-tests showed improvements: concentration
went up from 4.32 to 4.55, immersion increased from
3.80to 4.20, and knowledge rose from 3.50 to 3.85. The
small drop in standard deviations shows that learners'
results became more similar after playing the SG.
However, the high initial levels can be explained by the
participants' profile (S1 and S4 learners) and by the fact
that the SG was used towards the end of the training.
Which allowed the consolidation of achievements rather
than initiating learning. The evaluation results for our
SG show that the game is not only engaging but also
helps improve skills, makes knowledge stick better, and
reduces the differences between learners. This is
confirmed by the exam results from July 15, 2025, for
the JavaScript Programming course at the FPN, taken by
S4 learners. The results show that 85% of the learners
scored over 14 out of 20, with 35% scoring between 18
and 19 out of 20, indicating clear improvement. This
study shows that SG can play a tangible pedagogical
role, in addition to traditional methods, by allowing not
only to maintain motivation, but also to strengthen the
mastery of skills in a real academic setting. In addition,
in our SG, the intelligent tutor employs a symbolic
expert system grounded in clear pedagogical rules to
guide learners and offer real-time adaptive feedback. In
contrast, studies such as [21] indicate that learning
analytics in SGs depend on gathering and analyzing
interaction data to understand how learners behave and
to enhance the design of the SG. Our rule-based
approach provides clear explanations and strong
pedagogical control, while the analytics approach
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mainly focuses on data analysis and may later evolve
toward machine learning models for personalization.

3.3 Limitations and Future Work

Some limitations to keep in this study. First, the
research was conducted at a single institution (FPN),
which may limit the generalizability of the findings.
Second, the study took place at the end of the semester,
a setting that may affect student engagement and
performance. Third, study participants were volunteers,
which could create a self-selection bias. Fourth, the
absence of a control condition, like a group that solely
receives traditional teaching, restricts the capacity to
credit the noted enhancements exclusively to the SG.
Fifth, the evaluation of long-term retention of
knowledge and skills was not conducted. Future
research could address these limitations by conducting
multi-site studies across different universities and
disciplines, including larger and more diverse samples,
and by using controlled or randomized designs, and
incorporating delayed follow-up measurements to
evaluate the durability of learning outcomes and the
lasting impact of the SG.

4 Conclusion

This study aims to evaluate a SG that incorporates an
intelligent tutor to assist learners in studying algorithms
and programming in higher education. The different
stages of evaluation in this study showed that learners
had good feelings and were really happy with the
experience, motivated, ensuring their commitment, and
dealing with different skill levels, using artificial
intelligence in teaching settings seems like a utility and
hopeful solution. The analysis using the evaluation grid
[25] showed that the SG meets the requirements for a
learning environment, with 78.3% of the criteria being
satisfied. Before and after the test, there was a big
improvement in how focused learners were, how happy
they were with the experience, and how much they
learned. At the same time, the difference in how well
leamers performed started to get smaller over time.
These results were based on the performance seen in the
real final test, which was the official JavaScript
Programming exam, and 85% of the leamners got more
than 14 out of 20. This improvement in academic results
shows that SG is more than just an entertaining activity.
It's a real teaching tool that helps students learn actively,
solve problems, and better understand programming
skills. Moreover, the use of the intelligent tutor was very
important in this situation. By adjusting the difficulty,
giving personalized support, and offering quick
feedback, the tutor has kept a good balance between
challenge and motivation, as shown by 86% of learners
who liked this feature. This method focuses on the
leamer and adapts well to different types of learners and
their learning speeds. In addition, this study shows that
using artificial intelligence in SCs can be very promising
for higher education. This means that these
environments can greatly increase how much learners
are involved, how interested they become, and how well

they do in pedagogical context, while also helping skills
develop in a more similar and steady way for everyone.
These results also offer promising possibilities for the
future of smart teaching tools, especially games that can
help learners review and strengthen what they've learned
at the end of each semester. This could help them
prepare better for the next level, fill in any gaps in their
knowledge, and support a smoother, more lasting
learning journey.
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The main objective of the first experiment is to study the utility, usability, and acceptability of the proposed serious

game (SG).

Participation in this questionnaire is completely anonymous, and the results will only be used for the purposes of the

scientific study indicated.

Thank you in advance.
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Please answer the questions.
1. How old are you?

2. What is your gender?

[]  Male

U Female

[ [ prefer not to say.

Please circle your answer in the table.

Dimension Criteria Questions

Content (Al) A11-The SG content is relevant to learning algorithms and programming
concepts.
A1».The explanations provided in the SG help me better understand the
learning concepts.
Ai3.The exercises in the SG are aligned with the objectives of the course.
A14.The SG content contributes to improving my programming knowledge.

Levels of difficulty (A2) Ai-The game levels are well organized from easy to difficult.
Ag-The progression between levels helps me gradually improve my skills.
Ay3-The difficulty of the exercises is appropriate for my level.
Ays-The different levels encourage me to continue learning.

Arnn

Tutor feedback (A3) A3;-The tutor feedback helps me understand my mistakes.
A3>-The feedback provided by the system is clear and useful.
As3-The tutor guidance helps me solve the exercises more effectively.
A34-The feedback motivates me to improve my performance.

Gameplay (A4) A41-The SG activities are engaging and motivating.
A4r-The SG mechanics help me stay focused during learning.
Au3-The gameplay makes learning programming more interesting.
A44-The SG environment encourages active participation.

Ease of learning (B1) Bj-It is easy to understand how the SG works.
B\,-The instructions provided in the SG are clear.
Bi3-1 was able to start using the SG quickly.
B14-The learning process through the SG is simple and intuitive.

B2;-The SG interface is easy to navigate.

Ease of use (B2) B,,-The different features of the SG are easy to use.
Bas-1 did not encounter major difficulties when using the SG.
Bos-The SG functions smoothly during use.

Anngesn

C11-The SG is suitable for students at my level.

Player Profile (C1) Ci,-The SG matches my learning needs in programming.
Ci3-The SG helps students with different skill levels.
C4-The learning approach used in the SG fits my learning style.

Player Ethics (C2) C,1-The SG encourages responsible use of learning tools.
Cx-The SG promotes fair and respectful interaction with the system.
Cy3-The activities encourage honest and independent work.
Cu4-The SG respects academic learning values.

Annqerdasoy

Satisfaction (C3) C;1-1 enjoyed using the SG for learning.
C3,-The SG made the learning experience more enjoyable.
C;3-1 would like to use this SG again in my learning activities.
C34-1 would recommend this SG to other students.

Appendix B

Questionnaire for the third experiment

A questionnaire designed to evaluate concentration, immersion, and knowledge acquisition.
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Participation in this questionnaire is completely anonymous, and the results will only be used for the purposes of the
scientific study indicated.

Thank you in advance.
Please answer the questions.

3. Howold are you?
4.  What is your gender?
[0 Male

[l Female

[l [ prefer not to say.

Please circle your answer in the table.

Criteria Questions

C;- I was able to concentrate fully during the SG activity.

C,- The SG assisted me in keeping my focus on the educational activities
Concentration (C) C;- I remained focused throughout the entire SG session.

C4- The activities in the SG helped me avoid distractions.

I;- I felt immersed in the SG environment during the activity.

I>- The scenario and gameplay made the learning experience engaging.
I5- I felt involved in the challenges and missions proposed in the SG.
I4- The SG environment made the learning experience more interactive.

Immersion (I)

K- The SG helped me better understand programming concepts.

knowledge acquisition (K) Ks- I feel more confident in solving programming problems after using the game.
K3-The SG activities helped me improve my programming skills.
K4-The SG contributed positively to my learning of algorithms and programming.
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