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Abstract: This work aims to record the me-
thodology and development journey of an
educational game that combines fun and en-
gaging mechanics with the learning and prac-
tice of mental mathematics. From planning to
the production of the alpha version of the pro-
ject, development notes were made and then
transcribed into this article. The production
process proved to be the most complex com-
pared to planning. Overall, the experience of
developing this project brought a lot of lear-
ning and work ethic.
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INTRODUCTION

“Digital games are experiences that present
a paradigm to the player”, a set of rules, tools
and interactions between them that then of-
fer an objective to be achieved from this pa-
radigm that is taught in an organic way while
the player is interacting with it (SOUZA SAN-
TOS; ALVES, 2021, p. 5).

In keeping with this line of reasoning, when
we look at mathematics and the content it brin-
gs, we realize that it can also be seen as a set of
rules, tools and interactions that can be learned
and used to achieve a meaningful goal. There-
fore, it would be possible for a digital game to
be used as an aid to educational learning, trans-
forming the articulation and memorization of
the content covered into an intuitive and fluid
process (FERREIRA; ROCHA, 2024).

A “subgenre” of digital games are educatio-
nal games that seek to merge the immersion
and engagement of the audiovisual elements
of digital games with practical value and the
learning of educational topics. These games
have great potential to be used as alternative
or supplementary methods of practicing ma-
thematics, when it cannot be done with paper
and pen, taking advantage of the time we de-
dicate in front of the computer it is possible
to create this connection between the student

and an environment that offers the player a
network of numbers and calculations that are
used to progress in the session being rewar-
ded for their speed and accuracy of their men-
tal calculations (SILVA et al., 2021, p. 12).

Based on this, the aim of this article is to
report on the development of an educational
game that seeks to encourage the practice of
mental resolution of mathematical calcula-
tions from combat situations that require pre-
cision and proper positioning to succeed in
combat and to shed light on a possible alter-
native means of practicing mental mathema-
tics from a computer game, encouraging the
player to improve their math skills through
interaction with the game.

To program the game, the GDScript lan-
guage will be used, which is a modified ver-
sion of the Python language. To create the
visual elements, the Krita drawing program
will be used and to take notes and monitor the
development of the game, the Obsidian appli-
cation will be used.

THEORETICAL FRAMEWORK

The use of digital games in the teaching
of mathematics has proven to be an effective
pedagogical strategy to make learning more
dynamic, interactive and motivating. Souza
Santos and Alves (2021) point out that digital
games offer a paradigm to the player, consis-
ting of rules, tools and interactions that lead to
a goal, allowing learning to occur organically
during interaction with the game. This charac-
teristic is especially relevant for mathematics, a
subject that can be understood as a system of
interconnected rules and tools that can be lear-
ned through playful and meaningful experien-
ces (SOUZA SANTOS; ALVES, 2021, p. 5).

Digital educational games, as a subgenre of
digital games, combine immersive audiovisu-
al elements with clear educational objectives,
enhancing student engagement and facilita-
ting the learning of mathematical content. Sil-
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va et al. (2021) point out that these games can
be used as alternative or supplementary me-
thods to traditional teaching, especially when
the use of paper and pen is not possible, pro-
moting the mental practice of calculations and
the development of logical reasoning through
challenges that require speed and precision
(SILVA et al., 2021, p. 12).

In addition, the literature points out that
incorporating digital games into math classes
contributes to increasing students’ curiosi-
ty, attention and motivation, making classes
more enjoyable and effective. As highlighted
by Menezes and Alves (2020), games facilitate
the fixation of content in a dynamic way, help
students with specific difficulties in the sub-
ject and promote socialization and collabora-
tion between students during playful activities
(MENEZES; ALVES, 2020).

Empirical studies reinforce these benefits.
For example, research carried out by Proda-
nov (2013) and cited by authors such as Diniz
(2008) and Massa and Riba s (2016) shows that
mathematical games promote more interesting
teaching and more dynamic learning, stimula-
ting the development of students’ logical rea-
soning and creativity. Chiummo and Oliveira
(2016) also highlight the role of games in in-
tellectual development, social relationships and
the playful nature of mathematical learning.

Andrade (2017, p. 56) emphasizes that
playfulness, when properly understood and
applied, can develop knowledge for personal
and professional life, enabling a pleasurable
and dynamic interaction with the social envi-
ronment. Oliveira (2018) adds that the game,
inserted into the educational context, acts as
a socializing element and minimizes the dif-
ficulties faced by students in understanding
mathematical content, as well as reducing
emotional blockages related to fear of mathe-
matics (MENDONCA, 2017).

In the current context, the integration
of digital games in math teaching is also in

line with the demands of 21st century socie-
ty, marked by technological advances and the
need to develop digital and cognitive skills. Re-
cent studies indicate that interaction with digi-
tal games can demystify mathematics and open
up new ways of thinking and producing know-
ledge, making it an essential tool for contempo-
rary teaching and learning (BRASIL, 2009; 6).

Finally, systematic reviews of the literatu-
re show that digital educational games and
gamification have great potential to motivate
and engage students, stimulate creativity, pro-
mote collaboration and enable more meanin-
gful and autonomous learning at different le-
vels of education (FERREIRA; ROCHA, 2024;
5). This finding reinforces the importance of
investing in the development and application
of these pedagogical resources to improve the
teaching of mathematics.

METHODOLOGY

The free game engine Godot was used to
program the game, the free software Krita was
used to produce the visual elements and Ob-
sidian was used to take notes and monitor de-
velopment progress

COLORS AS A LANGUAGE

The aim of the game is to mix 2 practices, ma-
thematical calculation and interaction with the
game world such as running, shooting and pun-
ching. The player will need to be proficient in
both to progress in the game, as they are intrin-
sically related. Solving calculations will be neces-
sary to overcome the challenges and knowing
how to position yourself and act when, how and
where necessary is integral. In order to guaran-
tee this interaction, the game needs to be presen-
ted in such a way that it takes the player as little
time as possible to recognize the steps needed to
ensure victory. To this end, the colors used in the
game are given a treatment that makes them to-
ols for directing and recognizing the challenges
that the player will need to overcome.
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LIMITED TONE AND SATURATION

As a measure of organizing the game’s vi-
sual palette, the possible color tones and satu-
ration levels were limited to 16 and 6 respecti-
vely, as shown in the figure:

Figure 1: Color wheel

Source: Printed from within Krita

All the visual elements of the game (scenery,
enemies, player, interface and the like) will use
this color wheel as a way of standardizing the
visuals to ensure that the player can easily iden-
tify each distinct element in the game.

CONTRAST AS DIRECTION

To make it easier to prioritize, the contrast
of the elements in the game will be used in-
tentionally to guide the player’s gaze towards
the most important elements in the game. As
an example, the character representing the
player has a higher concentration of detail and
contrast in the torso, wrists and head, which
are the most important elements in the game,
while the feet are made up of just one color
and don't have high-contrast details because
they aren’t as important as the other parts of
the player’s body.

Figure 2: Player Sprite

Source: Printed from within Krita

LUMINOSITY AS A DEGREE OF
IMPORTANCE

After recognizing which elements are pre-
sent in the game, it will be necessary to define
which elements are given more priority over
others, for example during combat the player’s
priorities should be where he is, which ene-
mies are nearby, which enemy is the most
dangerous, whether there are obstacles in the
scenario. To do this, the brightness of the ele-
ments will be used to highlight them in rela-
tion to others, where brighter elements will be
intrinsically more important than others.

Figure 3: Player and enemy in the scenario

Source: Printed from within Krita
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ENCOURAGING LEARNING

The aim of creating the game is to provide
the player with an environment in which to ex-
periment and practice mental mathematics in
the context of various combat arenas, and from
this premise arises the problem of how mental
practice can be integrated into arena combat.

ENEMY LIFE SYSTEM

The player will have three types of attack at
his disposal, shooting, punching and running,
these attacks inflicting a random number of
damage during the match. Before each enemy
appears during the match the following pro-
cess will be followed:

1. The damage values of the player’s shot,
punch and run will be collected

2. 1 to 3 of these values will be selected

3. If the number of values collected is
greater than 1, they will be added up to
a single value.

4. The resulting value will be the enemy’s
maximum life
With this life selection system, each enemy
will require a specific sequence of attacks so
that their life reaches a value less than zero
and they are eliminated from the fight. In
each match, the player will encounter enemies
whose health adapts to the amount of dama-
ge their attacks cause, so they will always be
faced with challenges that require quick cal-
culations and efficient decisions in order to
succeed in the game.

POINTS SYSTEM

The game can be divided into two parts,
mental math practice and arena combat, and
the player will be required to master both in
order to succeed in the game. However, it is
not possible to accurately measure both the
player’s mental math skills and combat skills,
so the game’s standard difficulty level can pro-
ve frustrating for players who are not adept at
math calculations or combat skills, or both.

Based on this, a system of points has been
implemented which are acquired when the
player efficiently performs mathematical cal-
culations or precise attacks. These points can
be used to bring advantages to the aspect of
the game which brings the player the most di-
ficulty and to implement more challenges in
the aspect which the player has the most skill.
This system allows the difficulty to be adjusted
dynamically by the player regardless of their
initial skill and the rate at which their skill
evolves during their gameplay.

DEVELOPMENT JOURNEY

The development process began at the end
of November 2024, and continued until May
2025, thus reaching its Alpha version.

PROTOTYPE

The main priority at the start of develop-
ment was to create a prototype of the game as
quickly as possible, so that as soon as possible
the gameplay could be tested, corrected and re-
fined through iterations as more elements were
added to the project. The player-controlled
character was the first to be made, consisting of
a movement system, a life system, then he was
given the ability to punch, shoot and run.

Then an enemy stalker was implemented,
soon after which an arena system was integra-
ted into the game whereby if a condition is met
the game will change the arena in which com-
bat takes place. The last part of the prototype
was the damage system for the player’s attacks
and the enemy’s life, which is made up of the
sum of 1 to 3 numbers chosen by the player.

ALPHA VERSION

For the Alpha version of the game, concept
art was created to define the game’s visual sty-
le, color composition and levels of contrast
between the game’s elements, including the
player, enemies and game interface, in order
to define an art base for the rest of the game.
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Figure 4: Concept art

Source: Printed from within Krita

Then 2 types of enemy were introduced, a
sniper and a bomber enemy who plants ex-
plosive mines around the arena. Then various
arenas were introduced.

RESULTS AND DISCUSSIONS

The project was developed from concep-
tion, design, programming, proofreading and
artwork by me alone. The development process
proved to be more complicated than expected,
taking longer to complete than expected due
to adapting to new tools and solving problems.
The game’s testing processes provided infor-
mation that allowed significant changes to be
made to the overall project. This project was
developed with the following steps in mind:

1. Offering fun and engaging learning:
Through the game’s mechanics I hope
that the player will at least enjoy the
game experience regardless of whether
they play for just 3 minutes or 3 hours.

2. Reducing barriers between learning
and practice: Through the game’s me-
chanics that require the practice of
mental math, it is hoped that this pro-
ject will be effective in exercising and
familiarizing anyone who wishes to im-
prove their mental math skills.

3. Sparking an interest in learning: By
blending game mechanics and math
practice, I hope that the player will

reflect on the way they view studying,
not seeing it exclusively as a dull and
methodical process, but as something
that, with the right perspective, can of-
fer fun and leisure.

The ultimate goal of this project is to enab-
le anyone, regardless of age or previous expe-
rience, to interact with mental mathematics in
a new and engaging way.

FINAL CONSIDERATIONS

The process of developing the Aernum
game proved to be an experience rich in chal-
lenges and learning, requiring the continuous
acquisition of new technologies and metho-
dologies to meet the specificities and limita-
tions imposed by the game’s design. The cons-
truction of the prototype was fundamental to
making it possible to integrate the practice of
mathematics with the elements of engagement
typical of digital games, enabling an approach
that organically combines learning and fun.

The decision to restrict the color palette
and saturation tones in the visual elements, as
well as the way the enemies were implemented,
made it possible to establish a clear direction
for the gameplay, favoring a focused gameplay
and facilitating quick and effective iterations
for future refinements. This choice contributed
to the creation of a cohesive and intuitive expe-
rience, which enhances the player’s interaction
with the proposed mathematical content.

Throughout the journey, various demands
that were initially underestimated in terms of
time and complexity turned out to be more
challenging than expected, requiring greater
effort and dedication to overcome. This recog-
nition is a valuable lesson that should be incor-
porated into the next stages of the project, gui-
ding a more realistic and efficient management
of time and resources.

In summary, the development of Aernum
not only enabled the team to advance techni-
cally and creatively, but also reinforced the im-
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portance of flexible and adaptive planning in  effective practice of mathematics, contributing
the face of the difficulties inherent in creating  to more meaningful and motivating learning.
educational games. In addition, it highlighted

the potential of digital games as pedagogical

tools capable of promoting engagement and the
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