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Abstract. Background: High dropout and failure rates in introductory Computer Science courses, such as Algorithms,
represent a challenge, with dropout rates particularly high among female students. Traditional teaching methods do not
always maintain engagement, highlighting the need for innovative approaches that promote motivation and learning. Pur-
pose: This study proposes the development of ProgramADAs, a digital educational game to support female undergraduate
students in Computer Science and related fields. The goal of the game is to stimulate interest in the Algorithms course
by providing an engaging learning experience and contributing to the reduction of dropout and failure rates. Methods:
ProgramADAs was developed by students who have previously taken Algorithms, allowing their experiences to shape
the creation of an educational game aligned with the challenges faced by female students. The game is customizable and
incorporates game elements to promote engagement. To evaluate its effectiveness, the authors conducted two studies: the
first analyzed the game’s potential as a motivational strategy, and the second assessed its usability and player experience.
Results: The results indicate that ProgramADAs has significant potential as a motivational teaching tool. The usability
evaluation yielded positive scores, suggesting that the game is educationally relevant and effective in supporting the
teaching and learning of Algorithms. Conclusion: The results suggest that ProgramADAs has the potential to increase
female students’ engagement in Algorithms. Its interactive and customizable features make it a valuable resource for
improving the learning experience and addressing challenges of motivation and retention in Computer Science.
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1 Introduction
Recent research highlights a notable trend in female participa-
tion in the technology field. In 2023, while women accounted
for 57% of bachelor’s degree graduates1, this majority drops
drastically when considering the field of Computing and Infor-
mation Systems, where women represented only 23% [Santos
and Marczak, 2023]. Several factors may contribute to this
decline, including low female representation, frustration with
the perceived difficulty of courses, and lack of encouragement
to pursue a professional career in the field, among others. At
the same time, the demand for women in the technology job
market is increasing, with various companies offering spe-
cialized training and recruitment programs for women, such
as Nubank’s Yes, She Codes program2. In this context, a key
approach to mitigating gender imbalances in Science, Tech-
nology, Engineering, and Mathematics (STEM) fields lies in
the proactive promotion of self-efficacy among women from
the early stages of their education [Cunha et al., 2022].

The development of algorithms is one of the first topics
covered in Computer Science and related areas. Proficiency in
this subject is essential for these programs, as it provides the
foundational technical skills and fosters critical and creative

1Available at: https://tinyurl.com/nsttd8u2 (accessed on 24 De-
cember 2025).

2Available at: https://tinyurl.com/4kwan6zy (accessed on 24 De-
cember 2025).

approaches to solving problems [Raabe et al., 2020]. This
competency plays a central role in reducing student retention
in the early stages of the program, enabling them to overcome
initial challenges. Furthermore, for women entering higher
education, mastering introductory courses can be crucial, as
failing a course early on is one of the factors associated with
female student dropout rates [Santos and Marczak, 2023].

Creating an immersive and engaging learning environ-
ment for teaching Algorithms and Programming Logic can be
achieved through approaches based on Computational Think-
ing [Gomes et al., 2014; Schoeffel et al., 2015]. The Computa-
tional Thinking enhances creative, critical, and strategic skills
by applying computing principles to identify and solve prob-
lems across various fields of knowledge [Bell et al., 2009].
The intersection of these elements, as highlighted in the guide-
lines outlined in the Reference Curriculum in Technology and
Computing [Raabe et al., 2020] from the Innovation Center
for Brazilian Education (CIEB)3, underscores the urgency of
prioritizing the teaching of Algorithms for developing both
interpersonal and technical competencies.

Initiatives that strengthen self-confidence and present
successful women role models in STEM fields increase fe-
male students’ sense of competence and belonging, stimulat-
ing their continued interest in those areas [Marini et al., 2023;

3Available at: https://curriculo.cieb.net.br/ (accessed on 24
December 2025).
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Salinas, 2021]. Among these initiatives, Digital Educational
Games (DEGs) stand out, as they enable a playful and moti-
vating teaching and learning process [Kalmpourtzis, 2018].
DEGs make the classroom more engaging, increasing student
involvement and facilitating learning [Macena et al., 2022;
Nepomuceno and Souza, 2022; Queiroz et al., 2019].

Given this context, the objective of this work is to present
the game ProgramADAs, developed by female students who
have already completed the Algorithms course, with the aim
of enhancing the motivation of other female students to study
Programming Logic. This work is an extension of the one
presented by Yamashita et al. [2024a], with additional game
features and a much more comprehensive evaluation of the
game. The game is set at the Federal University of Juiz de Fora
(UFJF) to provide familiarity and includes characters inspired
by female professors from the institution, presenting female
role models to the students who act as mentors to the main
character, thus promoting the sense of belonging previously
mentioned. The proposal is a game with playful elements,
easy to customize, that can be used throughout the semester to
motivate students and, at the same time, enrich the knowledge
they acquire early in the course. By introducing the proposed
game within the first semester, it is expected to reduce dropout
rates among students in the early stages of their courses, as
well as decrease the failure rate in the Algorithms discipline.
Moreover, recruiting students to develop the game forms a
sense of purpose and community that also reinforces their
sense of belonging to the field.

The rest of the paper is organized as follows: Section 2
presents the theoretical background, including topics related
to the development of educational games. Section 3 discusses
initiatives related to this work. Section 4 outlines the method-
ological aspects for conducting this study. Section 5 provides
a description of the proposed game to motivate women to learn
Algorithms and Programming Logic. Section 6 presents the
evaluation conducted to assess the game’s effectiveness. For
this purpose, two studies were conducted: the first to evaluate
the students’ motivation, and the second to assess the usability
and experience of the players. Section 7 presents a discus-
sion of the results, highlighting the main findings. Finally,
Section 8 presents the concluding remarks of this work.

2 Background
The effective use of technology in education can enrich teach-
ing, making it more interactive, accessible, collaborative, and
adaptable to students’ individual needs [Pereira and Araújo,
2020]. Technology has a significant impact on education,
transforming the way people learn, teach, and interact within
educational environments. In this context, game-based learn-
ing is recognized as an innovative approach to enhancing
students’ interest in education through gameplay. It involves
leveraging games as educational tools or strategies to pro-
mote learning and engagement. This method integrates ed-
ucational content into a game format, encouraging players
to actively participate and interact with game mechanics to
acquire knowledge or develop skills [Videnovik et al., 2023].

By definition, initiatives that integrate video games with
education are classified as game-based learning. Within this
broad scope, effective educational game design must strike a

balance between entertainment and educational value [Pren-
sky, 2003]. As stated by Aslan and Balci [2015], developing
a DEG for game-based learning poses significant technical
challenges for educators, researchers, game designers, and
software engineers. Identifying pedagogical requirements
is a crucial step in designing effective educational games.
Moreno-Ger et al. [2008] emphasizes the importance of align-
ing game mechanics with instructional goals, ensuring that
games not only engage learners but also support meaningful
learning outcomes. Key requirements include adaptation to
individual learning needs and embedded assessment mech-
anisms. These elements contribute to a structured learning
experience that goes beyond simple entertainment, fostering
active participation and skill development.

The choice of game genre plays a fundamental role in ed-
ucational game design, as it defines the overall experience and
determines the types of interactions players will engage with.
A genre categorizes games based on shared gameplay char-
acteristics, mechanics, and objectives, influencing both the
structure and the cognitive demands placed on learners. Dif-
ferent genres, such as action, adventure, role-playing (RPG),
or strategy, offer varying levels of immersion and challenge,
which can significantly impact educational outcomes. Heintz
and Law [2018] highlight that genres like mini-games, action,
and RPGs present different cognitive demands and engage-
ment levels, emphasizing the need to align the genre with
specific learning objectives and the target audience to maxi-
mize educational benefits.

Beyond genre selection, game elements serve as the
building blocks that shape the player’s experience and in-
fluence engagement [Toda et al., 2019]. These elements (such
as challenges, rules, rewards, missions, avatars, and narrative)
play a critical role in motivating learners and structuring game-
play to reinforce educational content. Missions and objectives
guide players through meaningful tasks, fostering a sense of
accomplishment and continuity. Scoring systems provide
feedback and reinforce achievements, rewarding players for
completing challenges. Fantasy and narrative elements, often
introduced through engaging storylines and avatars, enhance
immersion by allowing players to assume roles within the
game world. Levels, as a structuring component, define pro-
gression and ensure that learning unfolds in a paced manner.
By carefully designing these elements, educational games
can create compelling and effective learning experiences that
sustain motivation while fostering skill acquisition and knowl-
edge retention [Santos et al., 2018].

As noted by Mozelius and Humble [2023], research on
educational game design for girls reveals several key themes
that inform the development of games tailored for this au-
dience. Girls tend to express a preference for games that
encourage creativity, such as those with features that allow
them to modify game characters and elements. Many girls
also appreciate the functionality in games that enables them
to customize aspects of the game world. In general, girls tend
to prefer games with minimal violence or punitive feedback,
opting for exploration and collaboration over aggression. Ad-
ditionally, girls seek gameplay that is rich in narrative, offers
diverse activities and characters, and provides opportunities
for social interaction. Studies have also shown that girls are
more inclined to build games that incorporate social interac-
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tion. Furthermore, inspiring female role models is essential,
as games with female protagonists have been shown to in-
crease girls’ interest in technical subjects. These insights
highlight the importance of creating games for girls that foster
creativity, social engagement, and exposure to empowering
female figures, which will guide the development of our pro-
posed game aimed at motivating women to learn Algorithms.

3 Related Work
Teaching Computer Science is challenging due to its com-
plex concepts and high level of abstraction, which can create
significant difficulties for students, especially in learning Pro-
gramming Logic [Franzoia et al., 2019]. In this context, DEGs
have proven to be effective tools for motivating students and
enhancing the teaching and learning process [Segura et al.,
2020; Silva and Dantas, 2014; Silva et al., 2021, 2022, 2023].
However, as pointed out by Mozelius and Humble [2023],
differences in game design preferences between boys and
girls suggest that Programming Logic education strategies
should adopt more inclusive approaches to ensure greater
engagement from both groups.

The relevance of this topic is reinforced by recent system-
atic literature reviews on the use of DEGs in programming
education, particularly those focused on female audiences.
Reis et al. [2023] conducted a systematic literature review
on games with female-oriented themes, presented at two ma-
jor national events in Brazil: Women in Information Tech-
nology (WIT) and the Brazilian Symposium on Games and
Digital Entertainment (SBGames). Their study examined
whether Goal 5 of the United Nations’ Sustainable Devel-
opment Goals, which aims to achieve gender equality, was
being addressed. Based on the analysis of 18 primary stud-
ies, the authors identified a total of 20 DEGs, reporting that
75% of them are aligned with Goal 5. Similarly, Yamashita
et al. [2024b] conducted a systematic review of DEGs de-
signed for programming education and the encouragement
of female participation in Computer Science. Their analysis
of 12 distinct studies revealed that there are few initiatives
specifically aimed at women, highlighting an opportunity for
the development of more projects focused on this audience.

Some initiatives focus on engaging girls in Computer
Science by allowing them to modify and customize games,
providing hands-on experiences that enhance their interest
and skills in the field. As an example, Plass et al. [2009] devel-
oped the game Peeps to promote gender equity and bridge the
digital divide by providing girls with opportunities to develop
programming skills. In Peeps, programming is not an end in
itself but a means to achieve broader goals, such as digital
literacy, by allowing players to design parts of the game while
learning to code. Cruz and Barbosa [2020] also explored
the use of games to support programming education for high
school girls, aiming to encourage them to pursue higher educa-
tion in Computing. The initiative took place at a public school,
where students developed educational games using Scratch
with a theme of biodiversity and sustainability. Teixeira Júnior
et al. [2019] conducted game programming workshops for
girls from public schools, aiming to spark their interest in the
field of game programming. Activities included game test-
ing and modifying code parameters, such as changing colors,

speed, and movement. Dlab and Hoic-Bozic [2021] present a
European initiative that promotes the acquisition of program-
ming skills through a game development process, with the
aim of preparing girls to pursue careers in computing and
related fields, and increasing awareness of the relationship
between technologies and the real world.

Other initiatives aim to engage girls in Computer Sci-
ence by designing games where they play as protagonists,
exploring narratives that highlight female figures and contri-
butions in the field. Bonner and Dorneich [2016] developed
Sorceress of Seasons, a game designed to teach fundamental
programming concepts while specifically targeting female
middle school students. The game was built based on some
key requirements aimed at engaging this audience: a relat-
able female protagonist, an engaging narrative, uncertainty
to foster motivation and exploration, social interaction to pro-
mote collaboration, and fun to increase engagement. Duarte
et al. [2021] introduced the game Sucesso4me, where players’
choices guide the protagonist through different paths, each
leading to an ending featuring an important female figure in
Computing. The game follows a narrative-driven progression,
allowing multiple outcomes that highlight the achievements
of influential women in the field. Briceño et al. [2021] pro-
posed the game Bit Byte, in which each level is inspired by the
life of a historical female figure in Computing, showcasing
their accomplishments and other significant aspects of their
journey in the field.

The strategy presented in this work stands out for com-
bining the teaching of Algorithms with an emphasis on the
female audience and active practice through a DEG. The plot
is set in the university environment where the game takes
place, allowing players to explore and relate to specific el-
ements of this context. In addition to teaching Algorithms,
the game provides information about university life, offering
incoming students an engaging and educational introduction
to their new academic environment.

4 Research Method
The proposed game, detailed in Section 5, was collaboratively
conceived as part of an ongoing project at UFJF. This project
consists of playing and developing games as a means to pro-
vide first-semester female students with the opportunity to
engage in the construction of a stimulating application.

Before development began, several DEG initiatives were
surveyed, all of them focused on teaching programming, with
some specifically targeting women. Information about tech-
nologies and tools used in these initiatives was also gathered.
Additionally, a mixed-methods research study was conducted
with female students of the institution, seeking to identify
the characteristics of DEGs that cater to girls and to find the
motivations behind their involvement with the subject. The
data were collected through a questionnaire, which received
54 valid responses. Among the available options regarding
which game genre was preferred, strategy was the most voted,
with 34 votes, followed by adventure games with 22 votes
[Yamashita et al., 2023].

In this context, the proposed game ProgramADAs com-
bines characteristics from both strategy and adventure games,
including elements that involve logical reasoning and action.
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The game is focused on the reality of first-year undergraduate
students, who must attend Algorithms classes already at the
first semester of their undergraduate course. The fundamental
principle behind the game is to stimulate active involvement of
the female students in their own learning process. By immers-
ing themselves in the game, they transcend the abstraction
commonly tied to traditional programming drills, which are
often simplified and devoid of specific practical application.

The goal of this approach is to integrate the female stu-
dents into an environment that offers a visual and interactive
experience. Since the institution’s Algorithms course uses
the C++ programming language, so does the game in its chal-
lenges. To verify students’ motivation for using the game, the
evaluation presented in subsection 6.1 was conducted.

A second study was also conducted, using the MEEGA+
questionnaire [Petri et al., 2019] to evaluate the usability and
students’ experience upon interacting with the game. This
study is described in subsection 6.2. In general, the game
achieved good results, indicating that it may be a useful tool for
encouraging girls to learn content connected to Programming
Logic and Algorithms, as well as motivating them to persevere
in their Computing degree.

5 The Game ProgramADAs
Considering the challenges women face in undergraduate
courses in Computer Science and related fields, the purpose of
this work is to use an alternative approach to motivate female
students in their Programming Logic and Algorithms studies,
hopefully contributing to a reduction in the high dropout and
failure rates in the Algorithms course, which is a key sub-
ject for these students. ProgramADAs is not intended as an
introductory tool for new content or as reinforcement after
course completion, but rather as a complementary activity
outside the classroom. In particular, it is integrated into men-
toring and tutoring sessions dedicated exclusively to female
students, in which first-year students play alongside senior
students who also contributed to the development of the game.
This approach not only encourages academic practice but also
fosters a sense of belonging and empowerment by creating a
safe and collaborative environment that strengthens female
students’ confidence and persistence. Besides, the game also
aims to contribute to reducing gender disparities in certain
indices, such as course completion and labor market insertion.

5.1 Game overview
The game was conceived as a Role-Playing Game (RPG), de-
signed to offer students a fun learning experience. It presents
puzzles to be solved or codes to be implemented, with dif-
ficulty varying across levels. This means that the students
have the opportunity to face challenges that become more and
more complex as they progress in their studies.

ProgramADAs was developed with the Unity engine4

and the C# programming language. The game’s source code
is publicly available on GitHub5. Figure 1 presents the game
architecture, highlighting the main Unity components as well
as the modules responsible for the game’s logic.

4Available at: https://unity.com (accessed on 24 December 2025).
5Available at: https://github.com/Program-Ada/ProgramADAs

(accessed on 24 December 2025).
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Figure 1. The game architecture.

Figure 2 presents a flowchart describing the possible
outcomes of the player’s interactions with the game. Upon
start, the player sees herself in an exploration area, illustrated
in Figure 3. This area allows her to access all game levels,
which become available individually as the player progresses
through the game. Moreover, the player can revisit a level if
they want to review specific content.

Start

Exploration

No

Unlocked
level?

Introduction to
Algorithms

Parameters and
Functions

Conditional
Structures

Loops

Would you
like to practice

more?

End

Yes

No Select level 

Yes

1 2 3 4

Which level?

Figure 2. A flowchart of the player’s interactions.
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https://github.com/Program-Ada/ProgramADAs
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What a beautiful plant.

Go to the Community Center

(a) The player interacts with an element of the area.

I hope it doesn’t have any bugs!

Go to the Community Center

(b) Ada makes a funny remark about the plant.

Must be here where they post notices for events.

Go to the Community Center

(c) The player interacts with a notice board.

My God! Even about Calculus 1 reviews.

Go to the Community Center

(d) Ada comments on a Calculus notice on the board.

Figure 3. Exploration section of the game. The game itself is currently only available in Portuguese; however, for the purpose of this article, the screenshots
have been translated into English.

5.2 Characterization and plot
Studies show the need to adjust DEG characteristics to attract
girls [Machado et al., 2022]. Based on the conducted research
for defining the game characteristics, the game ProgramADAs
combines elements of action, adventure, puzzles, and logic,
creating a unique experience for the Algorithms’ students by
providing involving and stimulating challenges.

To ensure a smooth integration between the game and
the fundamental concepts of the course, the activities are
segmented so that each one tackles a subset of the topics
discussed in the course, aligned with the syllabus. During
the game, puzzles and programming-related activities are
presented to the player, allowing her to progressively acquire
knowledge on the subject.

The plot revolves around the character Ada, named after
Ada Lovelace, the first person in history to write a computer
algorithm. Ada is a freshman admitted to UFJF and is en-
rolled in the Algorithms course, already establishing an initial
connection between the player and the protagonist. For Ada,
everything is new, and the challenges are innumerable. But
Ada is not alone, and together with other girls, she will be
able to explore the campus and learn how to program in a
relaxed and fun way.

The choices of colors and fonts were guided by princi-
ples of clarity, accessibility, and visual coherence, aiming to
provide a readable and engaging environment. Our decisions
were informed by previous studies on educational games for
women, which emphasize the importance of clear visuals, leg-
ibility, and consistency to foster engagement (e.g., [Machado
et al., 2022; Mozelius and Humble, 2023]).

5.3 Cutscene
The game opens with a captivating cutscene that introduces
Ada, a young woman who has just received life-changing
news on her tablet: she has been accepted into the Federal
University of Juiz de Fora. The next scene fast-forwards to
a few weeks later, capturing her journey on a bus headed to
campus. Ada’s emotions are through the roof, an intricate mix
of anxiety and excitement as she steps into this new chapter
of her life, as can be seen in Figure 4. Her first interaction
at college is with a seasoned student, a friendly veteran who
guides her to her first class, setting the tone for the beginning
of her academic adventure.

The game features a hall and a street filled with numer-
ous interactive objects, creating an immersive environment
that closely mirrors the real-life university. The goal is to
provide an engaging and relatable experience that offers an-
other way to assist first-year students in navigating college life.

Will I be one of the only girls?

Figure 4. Cutscene: Ada’s thoughts.
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Well, how about I give you a quiz to practice, then?

Take the Introductory Quiz

(a) Ada talking to professor Barbara.

Given the following statements:

    int a=9, b=4, c=-2

what is the result of the expression:
(a+b)/(2*b)

0 1

0.8 0.7

(b) An example quiz.

Figure 5. Selected scenes from level one.

Hey Ada! Excited to help in your first
Café das Minas?

I’ll teach you step by step how to assist!

(a) Professor Alessandreia helping Ada.

You’re trying to use parameters without a function.

PUT JUICE OF

CHOCOLATE

WATERMELON

GRAPE

PUT CAKE OF

TAKE A GLASS

TAKE A PLATE

(b) Professor Alessandreia correcting a player’s mistake.

Figure 6. Selected scenes from level two.

Designed to combine exploration and problem-solving within
an RPG format, the game is intended to encourage players to
interact with their surroundings, learn about campus life, and
overcome challenges in a fun and meaningful way.

5.4 Level one
In the first level, Ada finds herself in her very first Algorithms
class, where the setting includes four non-playable characters:
the professor and three fellow students. As Ada engages with
the professor, she learns about a quiz waiting on the desk
nearby. The professor explains that Ada can attempt the quiz
at any time, using the notes she has saved on her tablet. The
quiz covers the basics of introductory algorithms, presenting
a straightforward challenge. To progress to the second level,
Ada must demonstrate her knowledge by scoring at least 75%
correct answers. Figure 5 shows the classroom and the quiz.

5.5 Level two
In the second level, Ada participates in a university event
called “Café das Minas”. This inspiring event features lec-
tures by women in computer science who share their experi-
ences and insights about the job market. After the lectures,
a coffee break takes place, during which students often as-
sist with the organization. In this stage, Ada is one of the
volunteers helping the professor. As illustrated in Figure 6,
the gameplay introduces players to the concept of functions
and parameters, teaching them the importance of sequence
and structure. For example, when a participant orders a grape
juice and a strawberry cake, the player must follow the correct

Now go ahead and pot
the 6 ball!  IF (Ball       ){

 
 }

makeTheBreak()

==

&&

<

Even

1

3

!=

||

>

Odd

2

6

Figure 7. The snooker challenge in level three.

order of actions: first clicking on “Take a glass”, then on “Put
juice of”, and finally selecting the desired flavor of the juice.
This reinforces the idea that functions must be executed in a
logical order, illustrating the importance of proper sequencing
in achieving a desired outcome.

5.6 Level three
The third level takes place in a students’ union room, a popular
hangout where students gather to play cards and snooker. Ada
encounters a veteran student who invites her to join a game
of snooker. Ada hesitates, admitting she doesn’t know how to
play, but the veteran sees an opportunity to teach her through
challenges. These tasks are designed to help Ada grasp the
game’s mechanics while incorporating conditional logic.

As illustrated in Figure 7, the challenges involve analyz-
ing the characteristics of the balls on the table. For example,
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if the table has four balls numbered 1, 2, 3 and 6, and the
veteran instructs Ada to score ball 6, the player must construct
a conditional statement to fulfill the task. A possible solution
involves creating the condition “ball > 5”. Through these log-
ical exercises, players learn to apply conditional statements
effectively, bridging gameplay with programming concepts.

5.7 Level four
The fourth and final level is set in a university library, where
Ada is searching for a book to assist her studies on repetition
structures. Figure 8 shows the library setting. After complet-
ing the book loan procedures, the librarian asks Ada for help
organizing some books on the shelves. To accomplish this, the
player must use the concept of repetition structures, guiding
Ada to place the books in sequence on the designated shelves.
The shelves are categorized by subjects (Mathematics, Chem-
istry, etc.) and each has four tiers. Using predefined sequences
of movements, the player must adjust the algorithms so that
Ada moves correctly between the shelves and organizes the
books, applying the concept of repetition structures by repeat-
ing the process for multiple books.

PLAY

Figure 8. The library setting used in level four.

It is important to note that ProgramADAs is still under
development. Future versions will include additional phases
and a question bank, allowing female students to face new
challenges on each attempt. This design aims to sustain re-
playability and avoid the novelty effect, allowing the game
to be revisited throughout the semester as a complementary
practice activity during the Algorithms course.

6 Evaluation
This section presents the evaluation of ProgramADAs, consid-
ering two distinct studies. Initially, the students’ motivation
was assessed while interacting with the game using the In-
structional Materials Motivation Survey (IMMS) instrument
[Keller, 2009]. The second study applied the Model for Evalu-
ating Educational Games (MEEGA+) in terms of player expe-
rience and usability [Petri et al., 2019]. Our choice to employ
validated questionnaires such as IMMS and MEEGA+ was
motivated by their wide adoption in the evaluation of Digital
Educational Games, which ensures reliability, comparability
with related studies, and methodological rigor. Both instru-
ments capture central aspects that are directly aligned with
the pedagogical goal of ProgramADAs, such as attention, con-
fidence, satisfaction, and perceived relevance—dimensions
essential to understanding whether the game effectively sup-
ports female students.

6.1 Students’ motivation
The first study aimed to assess ProgramADAs from the per-
spective of female undergraduate students in Computer Sci-
ence and related fields. The main variable of interest was
students’ motivation to use the game for learning Algorithms.

6.1.1 Planning
The evaluation process consisted of several steps. First, par-
ticipants were selected from among female students who had
previously completed the Algorithms course in their under-
graduate programs (Computer Science, Information Systems,
Exact Sciences, or Computational Engineering), as well as
first-semester students who had already been exposed to the
concepts addressed in the game. All participants possessed
prior knowledge of the concepts covered in ProgramADAs.

Next, the evaluation instrument was defined. The IMMS
was selected because it is widely used to assess students’
motivation toward new educational support approaches. In
addition, the IMMS enables the evaluation of technological
acceptance and the identification of barriers to the adoption
of new technologies, while primarily focusing on users’ moti-
vation to engage with a novel tool.

Finally, the instrumentation supporting the evaluation
process was established. The instruments used included an
Informed Consent Form (ICF)6, a participant demographic
profile questionnaire, a game usage guideline, and the IMMS
questionnaire7.

The evaluation was conducted in March 2024, when the
game comprised two complete levels. Assessing students’
motivation at this stage was essential to guide the evolution
of the game, resulting in a new version of ProgramADAs that
includes additional levels and challenges.

6.1.2 Execution
Among all the invited students, 14 agreed to participate volun-
tarily. In particular, 5 were Computer Science undergraduate
students, 4 Information Systems students, 4 Exact Sciences
students, and 1 Computational Engineering student. Initially,
the students signed the ICF, which explained the study and
informed them that the collected information would be con-
fidential. The participants were also requested to fill in a
questionnaire on profile characterization.

All the participants affirmed they enjoyed digital games.
The distribution of participants according to their academic
program stage is presented in Table 1. As for age, the distribu-
tion of participants is detailed in Table 2, which summarizes
the number of students in each specific age.

Table 1. Academic program stage of participants.

Semester Number of students

1st 3
2nd 5
3rd 1
4th 1
7th 3
11th 1

6Available at: https://tinyurl.com/yc6hk5nv (accessed on 24 De-
cember 2025).

7Available at: https://tinyurl.com/e4kcewhu (accessed on 24 De-
cember 2025).

https://tinyurl.com/yc6hk5nv
https://tinyurl.com/e4kcewhu
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Table 2. Age distribution of participants.

Age Number of students

18 2
19 3
20 3
21 2
22 1
23 2
27 1

6.1.3 Results
The IMMS evaluates four dimensions. The first is attention,
which involves the ability to capture and maintain the students’
interest and curiosity. Next, relevance refers to the connec-
tion with the students’ personal needs and goals, fostering a
positive learning experience. Confidence relates to the stu-
dents’ belief that they have control over their own learning
and the certainty that they will achieve success. Ultimately,
satisfaction stems from the process or outcome of the learning
experience, which may be influenced by internal factors (e.g.,
a sense of competence) or external factors (e.g., academic
certificates), as well as the ongoing desire to learn.

Each student rated 36 questions using a five-point Likert
scale, with response options ranging from 1 (strongly dis-
agree) to 5 (strongly agree). On this scale, scores closer to
1 indicate strong disagreement with the statements, whereas
scores closer to 5 indicate strong agreement. Intermediate
values represent varying degrees of agreement or disagree-
ment. Analysis of the results showed that the average scores
for the dimensions were 4.3 for attention, 4.2 for relevance,
4.4 for confidence, and 4.7 for satisfaction.

Attention: the average score of 4.3 (standard deviation
of 0.51) suggests that the ProgramADAs game effectively
captured and maintained the students’ interest and curiosity.
This result indicates that the majority described the game as
engaging and interesting, which is crucial for the learning
process. However, the students gave an average score of 2.8 to
the statement “I have learned some things that were surprising
or unexpected”, which may have occurred because all of them
had already passed the Algorithms course.

Relevance: the average score of 4.2 (standard deviation
of 0.61) indicates that students considered the game aligned
with their needs. This suggests that the content and challenges
of the game were perceived as useful, which may enhance
engagement and the perceived utility of the tool. However,
the students gave an average score of 3.4 to the statement,
“There are explanations or examples of how people use the
knowledge in the teaching approach”, which may be related
to the fact that the game is still in the development phase.

Confidence: the average score of 4.4 (standard deviation
of 0.23) indicates that the students felt they had control over
their learning. This result is highly positive, as self-confidence
is a determining factor for persistence and academic success,
especially in fields such as Computer Science, where confi-
dence in one’s abilities can be a challenge.

Satisfaction: the average score of 4.7 (standard deviation
of 0.40) suggests that the students were highly satisfied with
the process and outcomes of learning through the game. In
fact, this was the highest-rated dimension, with the high level
of satisfaction potentially attributed to both intrinsic factors,
such as a sense of competence and personal achievement, and

extrinsic factors, such as academic recognition. This high
level of satisfaction is an important indicator that the game
was well-received and appreciated by the students.

The high averages across all dimensions suggest that
the game successfully engaged students, demonstrated rel-
evance, strengthened confidence, and provided a satisfying
experience. These findings are encouraging and highlight the
game’s potential as a motivational teaching tool, particularly
in contexts where retention and dropout rates are challenging.

6.2 Player Experience and Usability
The second study aimed to evaluate the usability and overall
player experience of ProgramADAs among undergraduate
students in Computer Science and related fields, including
both male and female students. The main variables of interest
were the perceived usability of the game and its impact on
students’ engagement, enjoyment, and learning experience.

6.2.1 Planning
The planning phase of this second evaluation study followed
Wohlin et al. [2012] recommendations. The MEEGA+ in-
strument was selected for this study, as it provides a ready-
to-use kit for game creators, instructors, and researchers to
evaluate the quality of educational games in an effective and
efficient way. The questionnaire consists of some initial de-
mographic questions, followed by 32 items that assess usabil-
ity and player experience across different dimensions. The
responses to these items follow a five-point Likert scale rang-
ing from strongly disagree to strongly agree. Finally, three
open-ended questions solicit feedback on the game’s strengths,
suggestions for improvement, and any additional comments.

It is important to note that the final items on the MEEGA+
questionnaire are related to the perceived learning dimension
and must be adapted to the context of the evaluated game. In
this study, item 32 was adapted to explicitly address the moti-
vational purpose of ProgramADAs for women in Algorithms
courses. This adjustment enabled us to more accurately assess
whether the game was achieving its goal of supporting female
students. The digital version of the questionnaire was created
using Google Forms, which included the ICF8.

The participants selected for this study were male and
female undergraduate students enrolled in the Algorithms
course at UFJF. This course is offered in the first semester
of the program and delivered in a face-to-face format. The
evaluation was planned to take place when students were
halfway through the semester. It is worth noting that the
participant group was diverse, including students who had
previously failed the course, came from different educational
backgrounds, and were enrolled in various undergraduate pro-
grams. The choice of this class for evaluation was crucial in
analyzing the usability and effectiveness of ProgramADAs
based on the experiences of students from fields where Com-
puter Science is not the primary focus. The evaluation was
planned to be conducted by a researcher and supervised by
two Computer Science instructors, who would be responsible
for monitoring the participants during the study. The stu-
dents would be introduced to the game, play it freely, and
subsequently complete the MEEGA+ questionnaire.

8Available at: https://tinyurl.com/yfxw8ppa (accessed on 24 De-
cember 2025)

https://tinyurl.com/yfxw8ppa
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6.2.2 Execution
This evaluation took place in December 2024, when levels
three and four were already implemented in ProgramADAs.
Initially, time was allocated to present the project, explain the
game rules, and describe its components. The students then
played the game freely under the supervision of the instruc-
tors. At the end of the evaluation, 52 students completed the
questionnaire. Since filling out the questionnaire was optional,
some participants chose not to respond, without any penalty.
The entire experiment lasted approximately 60 minutes.

Among the 52 participants, the gender distribution was
perfectly balanced, with 26 female and 26 male students. Fig-
ure 9 shows the undergraduate programs in which these stu-
dents were enrolled. Approximately 69% of the participants
were enrolled in Engineering programs. The class was fur-
ther complemented by students from the Computer Science
program (17.3%) and the Interdisciplinary Bachelor’s in Ex-
act Sciences (9.6%). There was also one student from the
Information Systems program and one from the Chemistry
program among the participants.

Engineering
69.2%

Computer Science
17.3%

Exact Sciences9.6%

Chemistry
1.9%

Information Systems
1.9%

Figure 9. Distribution of participants by academic program.

Regarding age, most participants were young and at the
beginning of their university studies, which aligns with the
target population of this study. Figure 10 shows the distri-
bution of students by age group. Specifically, 76.9% of the
students were between 18 and 21 years old, while 13.5% were
between 22 and 28 years old. Additionally, there was only
one person in the 29 to 39 age group and four individuals with
40 years old or older.

18 to 21 years old 76.9%

22 to 28 years old
13.5%

40 years old or older7.7%

29 to 39 years old
1.9%

Figure 10. Distribution of participants by age group.

Finally, regarding the frequency with which participants
play digital games, Figure 11 shows the distribution. About
30.8% of students reported playing daily, 21.2% weekly,
17.3% monthly, 25% from time to time, and 5.8% stated
that they never play digital games.

Daily: every day.

30.8%

Rarely: from time to time. 25.0%

Weekly: at least once a week.

21.2%

Monthly: at least once a month.
17.3%

Never: I never play.
5.8%

Figure 11. Distribution of participants by frequency of playing digital games

6.2.3 Results
Based on the collected data from all participants, Figure 12
was created to support initial analysis of the 32 MEEGA+
questionnaire items. We first examine usability, then player
experience. Next, aligned with ProgramADAs’ goal of sup-
porting female students, we present a gender-based compar-
ison of the results. Finally, a summary of the open-ended
responses is provided.

Usability The first quality factor assessed by the MEEGA+
questionnaire was the usability of ProgramADAs, encompass-
ing the visual aspects and perceived interaction principles of
the game. The usability statements (items 1 to 9) are grouped
into four main dimensions: aesthetics, learnability, operabil-
ity, and accessibility.

Aesthetics (items 1 and 2): the visual appearance of the
game received positive evaluations, with approximately 67%
of the participants strongly agreed that the design is attractive
and about 69% strongly agreed that the fonts and colors are
well integrated and consistent.

Learnability (items 3 to 5): the ease of learning the
game also received predominantly positive evaluations. Ap-
proximately 58% of the participants strongly agreed that they
needed to learn a few things before playing. Around 64%
strongly agreed that learning to play is easy, and 50% believed
that most people would learn quickly. Despite the positive
reception, some disagreement or neutrality in item 5 suggests
an initial learning curve for some users.

Operability (items 6 and 7): the clarity of the rules and
ease of use obtained positive results, as about 62% of the
participants strongly agreed that the game was easy to play,
while 50% strongly agreed that the rules were clear and easy to
understand. The presence of some disagreement in these items
suggests that certain players may have experienced challenges
with the game’s mechanics.

Accessibility (items 8 and 9): this aspect received the
highest evaluation among participants. Approximately 79%
strongly agreed that the colors used in the game are meaning-
ful, while about 77% strongly agreed that the fonts (size and
style) are easy to read. The absence of participants with color
blindness or other visual impairments may have influenced
this positive perception.

In summary, the usability analysis shows that Progra-
mADAs achieved positive evaluations across all four assessed
dimensions. Aesthetics and accessibility stood out with the
highest levels of agreement, indicating that visual design and
readability were well received. Learnability and operability
also received favorable evaluations, although some disagree-
ment suggests that a few participants faced challenges with the
initial learning process and the clarity of the rules. Overall,
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Figure 12. Distribution of Likert-scale responses for all MEEGA+ questionnaire items, considering all participants.

the results indicate that the game offers a usable and accessible
experience, while highlighting opportunities for refinement
in reducing the learning curve and improving rule clarity.

Players’ Experience The second quality factor assessed by
the MEEGA+ questionnaire was the players’ experience,
which encompasses their engagement, enjoyment, and satis-
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faction while interacting with the game. The player experience
statements (items 10 to 32) are grouped into eight dimensions:
confidence, challenge, satisfaction, social interaction, fun,
focused attention, relevance, and perceived learning.

Confidence (item 10): Students’ confidence in learning
through the game was among the highest-rated aspects. The
structure of ProgramADAs appears to have contributed to this
perception, with 50% of the participants strongly agreeing
that the game helped them feel confident in their learning,
and an additional 29% agreeing. These results indicate that
the pedagogical design implemented in the game effectively
promoted a structured and stimulating learning environment.

Challenge (items 11 to 13): This dimension received a
mixed reception. About 25% of participants strongly agreed
and 23% agreed that the game presented an appropriate level
of challenge, while another 23% remained neutral, and 29%
expressed some kind of disagreement. Nevertheless, approx-
imately 42% of participants strongly agreed that the game
did not become monotonous, suggesting that despite mixed
perceptions of difficulty, the game was able to maintain en-
gagement for a substantial portion of players. These results
indicate that the progression of challenges in the game could
be adjusted to better accommodate different student profiles,
ensuring that the experience remains stimulating without be-
coming frustrating or overly simplistic.

Satisfaction (items 14 to 17): The data reveal a highly
positive scenario. About 67% of participants agreed to some
extent that completing the game tasks provided a satisfying
feeling of accomplishment, while nearly 58% strongly agreed
that they were satisfied with what they learned from the game
and would recommend it to their colleagues.

Social interaction (items 18 to 20): This dimension re-
ceived the lowest ratings among all aspects. About 48% of
participants reported some level of engagement with other
players, while 21% disagreed. With respect to the percep-
tion of collaboration or competition, disagreement reached
48% at any level. These results are not surprising, as Pro-
gramADAs is a single-player game, and participants did not
perceive any interaction or competition mechanisms outside
the game. Consequently, the potential for social interaction is
limited, suggesting that incorporating mechanisms that foster
collaboration and healthy competition, such as cooperative
challenges or leaderboards, could enhance engagement and
social experiences among players.

Fun (items 21 and 22): This dimension stood out in
the students’ experience. Approximately 52% of participants
strongly agreed that they had fun while playing, and an ad-
ditional 25% reported a positive experience. These results
indicate that ProgramADAs created an engaging and playful
environment, effectively motivating the participants.

Focused attention (items 23 to 25): The level of immer-
sion in the game received mixed responses. About 50% of
participants strongly agreed that the game captured their atten-
tion from the beginning. However, higher levels of disagree-
ment were observed regarding sustained attention, with nearly
37% of participants indicating that the game was not engaging
enough to lose track of time or feel fully immersed. These re-
sults suggest that while ProgramADAs is effective at initially
capturing players’ attention, there is room for improvement in
maintaining immersion throughout the gameplay. Strength-

ening the narrative and incorporating more engaging game
mechanics may improve sustained attention.

Relevance (items 26 to 29): The educational relevance
of ProgramADAs was widely recognized by the participants.
Approximately 73% strongly agreed that the game represents
an appropriate teaching method, while 75% strongly agreed
that its contents are closely related to the course. These results
reinforce the potential of ProgramADAs as an innovative
educational resource, particularly in the context of teaching
Algorithms and Programming Logic.

Perceived learning (items 30 to 32): This dimension
highlights the educational impact of ProgramADAs. Slightly
over 46% of participants strongly agreed that the game con-
tributed to their learning, while 61.5% strongly agreed that
it helped motivate female students to engage with Program-
ming Logic and Algorithm content. When asked about the
game allowing for efficient learning compared with other
course activities, about 39% strongly agreed that it was ef-
fective, whereas approximately 20% expressed some level
of disagreement. These results suggest that ProgramADAs
can support learning and motivation, although perceptions of
their comparative effectiveness vary among participants.

Given the results of the MEEGA+ questionnaire, Pro-
gramADAs provided a positive experience for students. Par-
ticipants reported high levels of confidence, satisfaction, fun,
and perceived learning, and recognized the game’s relevance
as an educational tool. Nevertheless, some aspects showed
room for improvement, particularly in maintaining focused
attention, balancing challenge progression, and promoting
social interaction. Addressing these points in future versions
could further enhance the game’s effectiveness in supporting
teaching and learning, while increasing student engagement.

Gender-Based Analysis Given that ProgramADAs is de-
signed to support female students, promoting inclusion and a
sense of belonging, examining responses by gender is partic-
ularly relevant for evaluating whether the game meets these
objectives. Figure 13 presents the distribution of Likert-scale
responses for each MEEGA+ questionnaire item, separated by
gender, to examine potential differences in perception between
male and female participants.

Although the distributions of responses appear visually
similar, statistical tests were conducted to formally determine
which differences are significant. Table 3 presents the results
of these analyses for each item of the questionnaire. Two
complementary tests were applied: the Mann-Whitney U test,
which assesses differences in the central tendency of ordinal
responses, and the Chi-square test of independence, which
evaluates whether the overall distribution of responses differs
between groups. Values in bold indicate statistically signif-
icant differences at the 0.05 significance level, highlighting
items where males and females tend to respond differently and
providing a formal basis for interpreting the patterns observed
in the corresponding response distribution graphs.

Item 1 (“The game design is attractive”) was the only
question with a p-value below 0.05 in the Chi-square test,
indicating a significant association between gender and the
distribution of responses. Inspection of the response frequen-
cies in Figure 13 shows that more women strongly agreed
(73.1%) compared to men (61.5%), while men were more
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Figure 13. Distribution of Likert-scale responses for all MEEGA+ questionnaire items, comparing male (left) and female (right) participants.
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Table 3. Statistical comparison of MEEGA+ questionnaire responses
between male and female participants.

Item p-values
number Mann-Whitney U Chi-square

1 0.509 0.045
2 0.840 0.650
3 0.265 0.480
4 0.012 0.105
5 0.413 0.471
6 0.589 0.492
7 0.034 0.113
8 0.209 0.443
9 0.888 0.450
10 0.640 0.655
11 0.116 0.284
12 0.084 0.524
13 0.832 0.980
14 0.042 0.148
15 0.451 0.420
16 0.490 0.711
17 0.028 0.202
18 0.338 0.473
19 0.329 0.250
20 0.262 0.193
21 0.304 0.442
22 1.000 1.000
23 0.495 0.900
24 0.411 0.800
25 0.419 0.126
26 0.126 0.185
27 0.690 0.670
28 0.565 0.574
29 0.034 0.293
30 0.345 0.117
31 0.407 0.589
32 0.941 0.355

evenly distributed across agree, neutral, and strongly disagree
categories. This suggests that female participants perceived
the game’s design as more visually appealing than male par-
ticipants, highlighting a gender-related difference in their per-
ception of the game’s aesthetic aspects.

Items 4, 7, 14, 17, and 29 showed p-values below 0.05
in the Mann-Whitney U test, indicating significant differences
in response tendencies between male and female participants.
For items 4 (“Learning to play this game was easy for me”)
and 7 (“The game rules are clear and easy to understand”),
female participants reported lower agreement than males, sug-
gesting slightly greater difficulty with the game’s usability.
Inspection of the responses and contingency tables for these
items revealed that the disagreement came from two female
participants who indicated that they rarely play digital games,
which may at least partially explain their lower perceived ease
of use. Conversely, for items 14 (“Completing the game tasks
gave me a satisfying feeling of accomplishment”) and 17 (“I
would recommend this game to my colleagues”), female par-
ticipants reported higher agreement than males, indicating
greater satisfaction with the gameplay experience. Item 29
(“I prefer learning with this game to learning through other
ways”) also showed higher agreement among females, sug-
gesting that they found the game more relevant or effective
for learning, which aligns with ProgramADAs’ goals.

Open-Ended Questions The analysis of the open-ended ques-
tions complemented the quantitative results by providing a
deeper understanding of participants’ perceptions regarding
the game. Among the most frequently mentioned positive

aspects were the quality of the aesthetics and design, the prox-
imity of the setting to the students’ reality, and the integration
between playfulness and learning. Participants highlighted
the richness of the visual elements (including pixelated graph-
ics, colors, detailed scenarios, and well-developed charac-
ters), as well as the resemblance of the environment to the
university, which fostered identification, a sense of belonging,
and engagement. The combination of narrative, tasks, and
algorithm-related questions was also perceived as a dynamic,
enjoyable, and effective way of learning. In addition, the
initiative was praised for its potential to engage students, par-
ticularly women, and the recognition enabled by references
to everyday academic life.

Suggestions for improvement were concentrated in four
main areas. The first concern was instructions and task clarity,
with requests for more explicit objectives, detailed tutorials,
and clearer commands (such as running, interacting, or skip-
ping dialogues). The second referred to navigation, with
recommendations to include maps, minimaps, or arrows to
guide movement and prevent players from getting lost. The
third involved game dynamics and progression, with sugges-
tions to gradually increase the difficulty, introduce additional
levels and challenges, and reduce the duration of dialogues
and cutscenes. Finally, participants highlighted technical and
accessibility issues, including bug corrections, improved com-
patibility with various devices, enhanced performance in the
mobile version, and features to support color-blind players.

In summary, the responses revealed enthusiasm for the
proposal while also expressing expectations for improvements
in clarity, orientation, diversity of challenges, and technical
stability. These findings reinforce the quantitative results and
provide concrete directions for the continued development of
future versions of the game.

7 Discussion
The evaluation of ProgramADAs was conducted through two
studies, providing valuable insights into its impact on students’
motivation to learn programming content and its usability. In
the first study, which aimed to understand the motivation of
students based on the IMMS, it was observed that Progra-
mADAs is effective in capturing students’ interest, with an
average score of 4.3 in the attention dimension, indicating
that the game sparks and maintains curiosity. Relevance was
rated at 4.2, suggesting that the content aligns with the stu-
dents’ needs and goals, which may increase their engagement.
However, some students were not surprised by the content,
possibly because they already had prior knowledge of Algo-
rithms. Confidence (4.4) and satisfaction (4.7) received high
scores, indicating that the students felt secure in the teaching-
learning process and were satisfied with using the game. This
suggests that ProgramADAs is not only well-received but also
provides a controllable and rewarding learning environment.

In the second study, which evaluated usability using the
MEEGA+ questionnaire, the game was also well-received by
students. The accessibility dimension received particularly
high ratings, with the game’s colors and fonts being partic-
ularly praised; this aspect contributes to a positive visual
experience. Aesthetics and operability were also well-rated,
but learnability showed some variation, indicating an initial
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learning curve that could be smoothed out. Regarding the
players’ experience, the students’ confidence was reinforced
by ProgramADAs, with most feeling that they learned effec-
tively and with an appropriate level of challenge. However,
responses varied in this dimension, suggesting that the diffi-
culty could be adjusted to accommodate different skill levels.

In particular, satisfaction was one of the most high-
lighted aspects of the experience, reflecting a sense of ac-
complishment and progress that encouraged continued en-
gagement. However, the social interaction aspect was not
strong, with evaluations suggesting that the game could ben-
efit from greater incorporation of elements that promote in-
teractions among students, such as cooperative challenges
or friendly competitions. Overall fun was well-rated, with
many students reporting that they enjoyed themselves while
using the game. However, the level of immersion, although
positive, showed that there is still room to improve focused
attention and engagement through a richer narrative and more
compelling game mechanics. Finally, there are preliminary
indications that the game could have educational relevance
as a complementary resource for teaching Algorithms within
the Computer Science curriculum.

Although the current version of ProgramADAs presents
a limited number of phases, future releases will incorporate ad-
ditional scenarios and a question bank to ensure replayability.
This evolution is expected to enhance long-term engagement,
enabling first-year female students to interact with the game
multiple times throughout the semester without encountering
repetitive challenges.

Based on these evaluations, it can be concluded that
ProgramADAs is a valuable digital game for motivating and
teaching Algorithms, particularly for female students, offer-
ing a satisfying and enjoyable learning experience. However,
to maximize its impact, it would be beneficial to adjust the
difficulty level to better accommodate the diverse skills of the
students, as well as incorporate more social interaction ele-
ments and improve the narrative to enhance immersion in the
game. In this way, future versions of the game could become
even more effective, increasing engagement and optimizing
student learning.

Another important aspect to be discussed is the contex-
tualization of the game scenario. Some visual and narrative
elements were inspired by the UFJF campus environment,
such as the bus and the university buildings, with the purpose
of strengthening the sense of belonging and identification
among local students. This choice was intentional and has
proven motivating for participants familiar with this context.
Nevertheless, these elements are not explicitly labeled as UFJF
in the game narrative and can be interpreted more broadly
as representations of a generic academic environment. In
this sense, while the scenario fosters engagement for UFJF
students, it does not compromise the experience of players
from other institutions.

7.1 Threats to Validity
Threats to validity represent concerns about whether the re-
sults of a study accurately reflect reality or can be attributed
to the factors being investigated [Wohlin et al., 2012]. There
are different types of threats to validity in research. Among
them, the following stand out.

A potential threat to construct validity concerns the rep-
resentativeness of the measurement instrument used to assess
usability and player experience, specifically the MEEGA+
questionnaire. Although MEEGA+ is an instrument devel-
oped to evaluate digital educational games in diverse contexts,
its application to a specific game like ProgramADAs may not
capture all the nuances of students’ experiences in learning Al-
gorithms. It is also worth mentioning, still in this context, that
our decision to adopt validated questionnaires such as IMMS
and MEEGA+ aimed to guarantee methodological rigor, re-
liability, and comparability with related studies on Digital
Educational Games. These instruments assess central aspects,
including attention, confidence, satisfaction, and perceived
relevance, which are directly aligned with the motivational
purpose of ProgramADAs for female students. To mitigate
this issue, a careful review of the questionnaire items was con-
ducted to ensure their relevance and appropriateness for the
context of the game’s use, along with a pilot test with a group
of participants that helped refine the questions and increase
the instrument’s sensitivity. Additionally, future evaluations
may benefit from adding gender-specific items to capture more
nuanced dimensions of support for women in STEM.

A potential threat to conclusion validity may arise from
the generalization of the results obtained with the sample of
52 participants in the evaluation using the MEEGA+ ques-
tionnaire. Although the number of participants was increased
compared to the first study, it may still not be sufficiently rep-
resentative to draw generalized conclusions about the impact
of ProgramADAs on the engagement and learning of girls in
institutions with different contexts. To mitigate this concern,
we plan to implement ProgramADAs in various classes and
with participants from different courses and teaching modal-
ities in future studies, enabling a more comprehensive and
richer data collection.

Finally, potential threats to external validity may include
issues related to participant engagement with the game, indi-
vidual variations in interpreting the MEEGA+ questions, and
possible biases in participant selection. Engagement with the
game may be influenced by factors such as familiarity with
digital games and the students’ intrinsic motivation. Addition-
ally, the girls’ motivation may be affected by external factors
unrelated to the game, such as social pressures or family expec-
tations. To address these issues, strategies were implemented
to promote a welcoming and inclusive environment during
the game’s application, as well as to collect demographic data
and information about prior experience with digital games to
better understand the participants’ profiles and their potential
influences on engagement and perception of the tool.

8 Conclusion
This work presented ProgramADAs, a digital educational
game developed to support the teaching and learning of Al-
gorithms among female students in Computer Science and
related fields at the UFJF, addressing aspects of motivation
and belonging. The first evaluation highlighted the high mo-
tivation caused by ProgramADAs, with students reporting
increased interest, confidence, and satisfaction in the learning
process. The second evaluation, using the MEEGA+ ques-
tionnaire, reinforced the game’s usability and its effectiveness
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in enhancing the players’ experience, also highlighting the
potential of the content and proposed challenges. These re-
sults confirm that ProgramADAs, offered as an extracurricular
complement to the traditional academic curriculum, create a
motivating and inclusive learning environment, strengthening
students’ confidence in their abilities and encouraging their
retention in the field.

In the near future, it is expected to integrate Progra-
mADAs into the curriculum for first-year students in the Al-
gorithms course, aiming to increase women’s involvement and
encourage them to remain in the field of Computer Science.
With the continued use of the game, it is expected that students
will develop a stronger foundation of knowledge and a greater
appreciation for the course through a game-based approach.
Furthermore, we highlight that although the game scenario
was inspired by the UFJF context, this design choice does
not restrict its use to this specific setting. For local students,
the scenario strengthens motivation and a sense of belonging,
while for students from other institutions, it can be understood
as a generic school or university environment.

For future work, it is planned to expand the game’s reach
by applying it to other classes, including students from differ-
ent courses and teaching modalities, to verify its effectiveness
in motivating girls to learn Algorithms. Additionally, an ex-
perimental study will be developed to measure the efficacy
of the game compared to traditional teaching methods, since
the Algorithms course is challenging for everyone. It is also
aimed at expanding the content of ProgramADAs to cover
subsequent subjects, such as Data Structures, and making
the game available to high school students. We believe that
by starting their learning journey while identifying with a
character in a university setting, more girls will be inspired to
pursue careers in Computer Science and related fields.
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