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Abstract: The social inclusion of people with disabilities depends on everyone. To collaborate with the inclusion
of deaf people, this article addresses the construction of a game available on mobile platforms to assist in learning
Brazilian Sign Language (Libras). The game proposes challenges and rewards through questions and answers and
also presents Libras signs created by an avatar. As a background, it comments on the importance and emergence of
educational games and highlights the history of Libras, presenting concepts, definitions, and curiosities of this little-
explored language. The methods and tools for building the game are detailed so that they can be replicated in other
related projects. The results present the game’s prototypes up to the final version, in addition to the performance
and results of usability tests to improve the game and performance tests to evaluate the user’s learning curve.
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1 Introduction

According to the Brazilian Institute of Geography and Statis-
tics, the Brazilian deaf community is equivalent to approxi-
mately 5% of the country’s population [IBGE, 2010]. Few
hearing people care about breaking the communication bar-
rier in social life and the same happens in the professional
world. Society makes deaf people completely dependent
on companions, taking away their freedom, autonomy, and
equality [Silva, 2018].
The Brazilian Sign Language (Libras), a communication

and expression resource originating from communities of
deaf people in Brazil, emerged to reduce the communicative
barrier between both deaf and deaf-hearing people, and even
though it proved to be fundamental for the social coexistence
of deaf people, it is not widespread in society [Schlunzen
et al., 2012].
A survey collected statements from deaf people regarding

access to services and public places, where they revealed
that they perform simple tasks without a companion using
resources such as mimicry and facial expressions and giving
preference to places where people are already accustomed
to serving them. When it comes to more important mat-
ters, such as banking operations, medical appointments, and
signing documents, they point out the need for a companion,
configuring a limitation on their autonomy [Marin and Góes,
2006].
There is difficulty in entering the job market, due to em-

ployers’ resistance to hiring deaf people, who often lose op-
portunities due to prejudice. Even after getting the job, they
find it difficult to build relationships with hearing employees
and understand the rules and dynamics of work, as there is no
presence of interpreters in everyday work activities [Marin
and Góes, 2006].
There is a clear need for training so that people can commu-

nicate effectively with deaf people for effective social inclu-
sion. However, taking these professionals to a conventional
classroom is not the best option for spreading Libras [Ramos
and Almeida, 2017].
From the last century to the present day, when it comes

to teaching-learning, one quickly imagines a classroom com-
posed of an individual carrying knowledge, sharing verbally
and textually for a group of students to memorize and repeat
a set of rules and formulas to obtain approval.
This traditional mechanizedmethod, in which everyone re-

ceives knowledge equally, does not take into account the stu-
dent’s learning particularities regardingwhichmethodmakes
it easier for them to understand, directly implying their moti-
vation to dedicate themselves, reflecting negatively on their
performance in the evaluations [Setúbal, 2010].
An alternative that emerged with the advancement of tech-

nology was educational games, which serve very well as a
complement to traditional methods, as they change the peda-
gogical action traditionally used, presenting the content in a
more didactic and fun way, moving away from the formality
of the classroom. , can be a differentiator in gaining students’
attention [Castro and Oliveira, 2016].
One of the tools used to apply these educational games

in the digital environment is mobile devices, which are in-
creasingly present in people’s daily lives. In this scenario,
the concept of Mobile learning emerges, which includes the
use ofmobile devices in the teaching-learning process, which
makes the student’s access to educational resources more
flexible about time, as they have access at any time, and
space since the student can study from anywhere [Sanches
et al., 2020].
Motivated to propose a solution that contributes to the

dissemination of Libras teaching, through active teaching
methodologies, the project presents an educational game
aimed at learning Libras.
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2 Background
This section presents the theoretical basis necessary for the
development of the project, highlighting the relevance of the
topic to society.

2.1 Traditional teaching methods
The teaching-learning process is a complex system of behav-
ioral interactions between teacher and student, which must
occur in the best possible way, aiming at the student’s high-
level understanding of the content covered. It is up to the
teacher to plan their classes and the student to be interested
in past teachings, and what relates and aims to improve the
efficiency of this process is the [Sá and Moura, 2008] teach-
ing methodology.
According to [Traversini and Buaes, 2009], the study of

teaching methodologies reveals them as “pedagogical prac-
tices operationalized through sets of school activities pro-
posed by teachers, with a view to achieving the learning
of certain knowledge, values and behaviors.” These are re-
sources developed to serve as a tool for the teaching-learning
process carried out by the teacher, who in turn is responsible
for deliberating the best alternative for each content.
In a world of constant evolution, educational institutions

in Brazil are still mostly dominated by traditional methodol-
ogy. Characterized as a passive teaching methodology, it oc-
curs in such a way that the teacher transmits all the content
verbally and textually through theoretical classes or practi-
cal activities restricted to the teaching location, leaving the
responsibility for assimilating the knowledge passed on to
the student, whowill be subsequently evaluated through tests
[Pereira et al., 2020].
This methodology, according to [Kruger, 2013], stands

out negatively because it does not stimulate critical thinking
and most of the time impedes students’ initiative and creativ-
ity.[Weintraub et al., 2011] add that in this method there is
low interaction between the student and the object studied,
little promotion of reflection and they claim that the tradi-
tional method must be complemented by other methods, to
become suitable for teaching.
An alternative to meeting the needs that traditional

methodology leaves behind is the use of active methodolo-
gies, which makes the student the protagonist of their learn-
ing, encouraging them to analyze and verify solutions to their
problems and encouraging decision-making. Examples of
this type of methodology include problem-based learning,
the flipped classroom, learning in groups, and also educa-
tional games, which is one of the fundamental bases for the
development of this article, and is covered in subsection 2.2
[Backes et al., 2010].

2.2 Educational games
The game is a fun and productive activity that works the
player’s intellect and emotions and can be adopted as an im-
portant learning tool. Even though the game is a closed space
with its own rules and without consequences in the outside
world, the experiences lived by the player can reflect outside
the game environment [Pereira et al., 2009].

Specifically, educational games are support tools that can
be used to enhance the learning process. Educational games
present a dynamic language that attracts the student’s atten-
tion and implies that they associate the activity with a mo-
ment of leisure and not with tasks, placing them in a situa-
tion of little dispersion and a lot of concentration, an ideal
scenario for absorbing knowledge [Pereira et al., 2009].
[Lara, 2003] reports in her book Playing with Mathemat-

ics from 5th to 8th grade the classification of educational
games into 4 modalities: construction; training; of deepen-
ing; strategic. According to the author, construction games
are those that deal with unknown subjects and allow the con-
struction of learning, forcing the student to seek new knowl-
edge to solve the questions in the game. Training games
address subjects of the player’s prior knowledge, and their
practice exercises familiarization with the content. In-depth
games are games that serve to apply content already stud-
ied in simulated situations. And strategy games are those in
which decision making and strategic thinking are the main
tools.
Even knowing that Lara’s classification was developed for

teaching mathematics, this classification is relevant to this
project, since some of these concepts apply to the proposed
game. The construction and training modalities directly ap-
ply to the Libras game by presenting signals to users who
have never had contact with the language, providing the con-
struction of learning and reinforcing the previously acquired
knowledge of those who have already studied Libras, exer-
cising familiarization with the language. content. As for
the in-depth and strategy modalities, the application requires
adaptations because of the linguistic nature of Libras, which
differs from the mathematical challenges. This reflects a lim-
itation in the application, as the current game does not ad-
dress these modalities. Future work can explore ways to in-
corporate them, adapting their approaches to meet the needs
of teaching Libras and provide a better learning experience.
[Santiago, 2020] deals with a study applied to the use of

educational games in teachingmultiplication tables, in which
he used a Quiz-type game, a questionnaire game that aims to
assess knowledge on a given subject, called [Santiago, 2020]
Playing with Ariê, with 5th-year elementary school students.
After a conventional expository class on the multiplication
tables, an assessment was carried out. Subsequently, the stu-
dents were exposed to the software in question and another
assessment similar to the first was applied. The research re-
sults showed an improvement in 70% of students, with 20%
obtaining maximum marks in both tests and 10% maintain-
ing the number of correct answers.
Although Santiago’s work is focused on teaching multipli-

cation tables, it was used as a basis for developing the game
for teaching Libras, as both studies use Quiz-type games to
facilitate learning. Santiago demonstrated that, after using
Quiz Playing with Ariê, there was a significant improvement
in student performance compared to a conventional expos-
itory class, and this evidence highlights the value of using
quizzes as an educational tool. The evaluation of the effec-
tiveness of this methodology applied to learning Libras is car-
ried out in the learning tests section.
[Passerino, 1998] states that when using digital educa-

tional games in the teaching-learning process it is important
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to take into account aspects beyond the content of the game
and how it is applied, as there are factors essential to its effi-
ciency, such as the age group of the target audience for exam-
ple, which must be considered. The author states the need to
evaluate the educational game, analyzing both software qual-
ity aspects and pedagogical aspects, to verify its contribution
to teaching.
The scope of educational games has been constantly evolv-

ing over the years, especially after the COVID-19 pandemic,
with the emergence of remote teaching applications. A re-
cent research paper titled ’Identifying challenges for ele-
mentary school teachers in building digital games through
a workshop’ explores the possibility of creating educational
games by teachers. The authors examine the use of a game-
authoring tool aimed at non-programmers, namely GDe-
velop, by elementary school teachers, highlighting the chal-
lenges and skills encountered. The results showed that many
teachers faced difficulties due to a lack of digital literacy
and the complexity of the tool’s settings, especially in un-
derstanding concepts within the tool, indicating a need for
improved usability. The study also provides valuable recom-
mendations for developing new tools tailored to this audience
Souza and Prates [2024].

2.3 Brazilian Sign Language
The history of the emergence of the Brazilian Sign Lan-
guage can be found in Paris, France, with the founding of the
first public school for the deaf in 1760 [Estimado and Sofi-
ato, 2019]. Initiated by Charles-Michel de l’Épée, an 18th-
century French philanthropic educator known as the ”Father
of the Deaf”, it was called the National Institute of Deaf-
Mutes in Paris [Mori and Sander, 2015].
About a century later, Emperor D. Pedro II invited Ernest

Huet, a deaf priest and professor at the National Institute for
Deaf-Mutes in Paris, to come to Brazil and educate deaf chil-
dren in the first school for the deaf in the country. , named the
Imperial Institute of Deaf-Mutes, today the National Institute
of Education for the Deaf – INES, founded in 1857 in Rio de
Janeiro. From the mixture of French Sign Language - LSF,
brought byHuet, with the signs that were already used among
Brazilian deaf children, Brazilian Sign Language emerges,
an important tool for social inclusion officially recognized
by law in 2002 [Strobel, 2009].
As established in Law No. 10,436/2002: “Brazilian Sign

Language - Libras is understood as the form of communica-
tion and expression in which the linguistic system of a visual-
motor nature, with its own grammatical structure, constitutes
a linguistic system for transmitting ideas and facts, coming
from communities of deaf people in Brazil” [Brasil, 2002].
According to the law reported, it is noted that Libras is a

natural language like any other spoken language, but it dif-
fers in its modality, while languages use hearing and orality
for communication, Sign Language is worked in a visual way.
and spatial, so that the visual acts as the receiver of signals,
while the spatial behaves as a transmitter, using signals, fa-
cial and body expressions [Schlunzen et al., 2012].
According to [Senado, 2021] the teaching of Libras has

been increasingly widespread in the country due to the public
policies adopted. Article 3 of Decree No. 5,626/2005, pro-

vides for the inclusion of Libras as a mandatory curricular
subject in teacher training courses for teaching, at secondary
and higher education levels and in Speech Therapy courses,
and requires Libras as optional subject in other higher and
professional education courses in the country [Brasil, 2005].
The dissemination of Libras is supported by items IV, XI,

and XII of Art. 28 of Law No. 13.146/2015, the Brazil-
ian Law of Inclusion of Persons with Disabilities, which
respectively mandate: the provision of bilingual education
in Libras as the first language and written Portuguese as
the second language in bilingual and inclusive schools and
classes; the training and availability of teachers for special-
ized educational services for translators and interpreters of
Libras; and the offering of Libras teaching to enhance stu-
dents’ functional abilities, promoting their autonomy and par-
ticipation.[Brasil, 2015].
A 2020 case that brought visibility to Libras occurred dur-

ing the COVID-19 pandemic, an acute respiratory infection
caused by the new coronavirus SARS-CoV-2, potentially se-
rious, highly transmissible, and globally distributed, when
Marília Mendonça, a singer Brazilian country music band,
which is highly successful in the country, performed a live
broadcast singing their songs to bring entertainment to the
population facing this calamity. Although other singers had
already performed these broadcasts, Marília was the first to
worry about interpreting her show in Libras and the feat had a
positive impact due to the social inclusion that the act caused
and the surprise of the population when seeing Libras inter-
preters for entertainment purposes, who was accustomed to
interpreters only for important communications, was amused
by the facial and body expressions they performed to convey
to the deaf community the same energy that a hearing person
receives. This feat was extremely important for the inclu-
sion of the deaf community in these events and to encourage
other artists to bring interpreters to their broadcasts [Lorentz,
2020].
Igor Nascimento (2021), and the other authors, discuss

in their article that digital games have proven to be effec-
tive tools in education; however, there is a scarcity of apps
focused on early childhood education. Additionally, most
educational materials available online use Libras signs pre-
dominant in the Southeast region, overlooking the linguis-
tic variations of the Northeast. Just like in spoken language,
Brazil, being a vast country, also presents regional differ-
ences in Libras. These dialectal variations reflect the cultural
and linguistic diversity of the different regions of the coun-
try, making it important to develop educational materials that
respect and incorporate these regional particularities [Nasci-
mento et al., 2021].
It can be noted that public policies have brought educa-

tional advances to the deaf community, but for inclusion ac-
tually to occur, it is necessary to spread the teaching of Libras
to the entire population. These mechanisms are efficient, but
the deaf person’s social interaction depends on the learning
of the hearing person [Senado, 2021].

2.4 Related works

The most relevant existing related works are:
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• Hand Talk is a company that provides digital acces-
sibility by providing translation services for websites
and applications from Portuguese to Brazilian Sign Lan-
guage through the Hand Talk Plugin. Developer of the
Hand Talk app: Translator for Libras, a free mobile ap-
plication, with more than 1 million downloads in the
Play Store app store. Awarded worldwide, it helps in
learning and translating Libras through animated char-
acters that perform signs on the screen using Artifi-
cial Intelligence to translate from Portuguese to Libras
and from English to ASL - American Sign Language
HandTalk [2022]. Hand Talk: Translator for Libras al-
lows you to change the speed of the character’s signals,
customize it with clothes, accessories and background.
It allows translation by voice command, has a dictio-
nary divided into themes to serve as a study and offers
explanatory video classes on specific themes and situ-
ations such as ”Restaurant Signs”, Musical Instrument
Signs”, ”School Material Signs”, where the Classes are
entirely in Libras with subtitles in Portuguese HandTalk
[2022].

• Quiz de Libras is a free question and answer game, de-
veloped by CE Produções that helps the user learn fin-
gerwriting, a system for representing the letters of the al-
phabet using the hands, in the Brazilian Sign Language.
The App works in two categories, with the question in
typing and the answer in Portuguese and vice versa Fran-
cisco and Castro Júnior [2023]. After choosing the cate-
gory, the game presents a list of themes such as objects,
names, animals, among others, for the user to choose
from. Each theme has a series of levels that the player
advances by completing the current level. When start-
ing, the game presents the word and 4 alternatives for
the player to select the correct option before the time
limit runs out. The game offers 4 items as a form of
help, namely: ”50:50” which excludes 2 alternatives
(loses 4 coins); ”Skip question” goes to the next ques-
tion without losing points (lose 2 coins); ”Public poll”
which shows the percentage of other users choosing
each alternative (lose 4 coins); ”Reset Timer” which
restarts the timer if you need more time (loses 2 coins).
These coins are earned by watching commercials within
the app. When completing the level, the game dis-
plays your percentage of correct answers, the number
of points acquired and provides the option to review the
answers, to show the correct alternatives for questions
answered incorrectly. The game features a tutorial that
explains how it works and has a ranking, which classi-
fies users based on their points acquired Francisco and
Castro Júnior [2023].

• A de Libras is a Quiz-type game developed by stu-
dents from the Federal Institute of Paraíba IFPB - Cam-
pus João Pessoa, for teaching Brazilian Sign Language.
This work uses short videos of translators of Libras
interpreters, performing language signs as questions,
through the use of GIF - Graphics Interchange For-
mat, an image format that allows animations to be re-
produced. The game offers 4 alternatives, only one
of which corresponds to the signal shown by the inter-
preter. The game operates in two areas of knowledge:

Introduction to Libras, where basic signs are dealt with:
greetings, numbers, among others and offers an area for
knowledge in Biology AdeLibras [2022].

Table 1 shows the differences and innovations that the
project brings, about existing work.

Table 1. Comparison of related works

To detail the functionalities of each criterion used in Ta-
ble 1 when comparing related works:

• Mobile application: software designed to be installed
on a mobile electronic device such as a cell phone,
smartphone, tablet;

• Educational game: games designed to teach and test
knowledge on a given subject;

• Libras theory: covers theoretical topics that will con-
tribute to understanding the importance of this lan-
guage;

• Libras fingerwriting: brings the manual alphabet, treats
the signs of letters and numbers with your hands;

• Libras signs: treats the signs in Libras of Portuguese
words;

• Libras dictionary: refers to a dictionary with words
from Portuguese to Libras;

• Performance analysis: evaluates the player’s perfor-
mance in terms of his knowledge;

• Error pointing: informs the player of errors made in the
game;

• Gradual levels: offers game levels that add difficulty
when passing the level;

• Tutorial: explains how to play the game step-by-step.

3 Materials and methods
This section presents the proposed methods for developing
this software and the tools and technologies that were used
in the project.

3.1 Methods
3.1.1 Kanban

Kanban is a factory floor control system, responsible for
transmitting production information to interconnected work-
stations about how it should be done, how much should be
done, and when it should be done [Moura, 2003].
According to [Espinha, 2022], Kanban is an agile task

management method, responsible for organizing the work-
flow into columns and cards, so that the entire team can view
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the project from start to finish and can change the status of
the task accordingly. current needs.
Composed of three main elements, the cards represent the

tasks and activities within a project, where it is possible to de-
fine priority levels for the tasks and classify them by person
responsible, by type of activity, or any other classification
that meets the user’s needs. The columns represent the differ-
ent states of a task during the development process, the cards
must be moved between the states until the last column of
the board, mostly represented by the completion of the task.
The Kanban board is the structure that will hold all columns
and cards [Espinha, 2022].

3.1.2 Prototyping

Prototyping is a way of visualizing ideas, taking them from
the abstract world to the material world. Prototyping details
the project’s functionalities and allows you to simulate the
user experience before even starting development. Widely
used for facilitating communication, whether between team
areas or with the client and for collecting feedback and sug-
gestions that add to the client’s experience, which will not
have surprises at the end of the project, thus avoiding wasted
time and work caused by communication failures [Piazza,
2021].
When developing mobile applications, the interface is one

of the most important factors for the success of applications,
and adopting a development method that emphasizes this
stage is essential. Prototyping helps in the development of
these applications by allowing the evaluation of the software
from the initial phases, adding requirements gathering and
fault detection with a general view of the application at all
times. It guarantees greater customer involvement, which
increases their confidence and expectations with the project
[Santos et al., 2018].
In this project, the Evolutionary Prototyping Model is

used, which consists of a cycle of steps where the prototype
is submitted until the final result is achieved, illustrated in
Figure 1.

Figure 1. Evolutionary Prototyping Model
[Sharma, 2022]

According to [Gatto, 2017], the stages of the Evolutionary
Prototyping Model can be described as:

• Communication: Team meeting for defining objectives
and gathering requirements;

• Quick Plan: Planning prototyping interactions for mod-
eling;

• Modeling Quick Design: Representation of the soft-
ware aspects that will be visible to the user;

• Construction of prototype: Actual construction of the
prototype;

• Deployment, Delivery, and Feedback: Delivery of the
prototype to the involved teams for evaluation, and the
feedback is used to refine the requirements;

3.2 Software Testing

Software testing is the process of running a product to deter-
mine whether it meets all imposed specifications and func-
tions properly in the environment for which it was designed.
Its purpose is to reveal failures in the application to determine
the cause of these failures and correct them before final de-
livery [Neto, 2006].
The author [Neto, 2006] classifies the testing stage as a

process of a ”destructive” nature within development activ-
ities, since its applicability can delay the delivery of the ap-
plication, but on the other hand, it is essential for the success
of the project, as delivering a project with defects is far from
ideal.
Software testing, within a wide variety of types, is respon-

sible for finding defects: an act committed by an individ-
ual when trying to understand certain information, using a
method or tool, such as an incorrect command. Errors: a con-
crete manifestation of a defect in the software, for example,
when a value obtained is different from what was expected.
And the failures: which is the behavior of the software dif-
ferent from what was expected, but in this case for the user
[IEEE, 1990].
Among the already consolidated software tests, usability

testing is used for this project to focus on interface interac-
tions, one of the main steps for a successful mobile applica-
tion.

3.2.1 Usability testing

“Usability testing is a research technique used to evaluate a
product or service. Tests are carried out with users represen-
tative of the target audience. Each participant tries to perform
typical tasks while the analyst observes, listens, and takes
notes” [Volpato, 2014].
It is a technique for evaluating a product or service, be it a

site or application, which generally consists of a task script
and an analyst observing usage. It is used to observe the use
of a product and investigate issues involving navigation and
understanding the [Volpato, 2014] interface.
In this application, usability testing was used in two forms:

Problem Discovery and Learning Testing.
Problem discovery usability testing aims to evaluate and

discover problems in both usability and the general function-
ing of the application and make improvements to the plat-
form, providing a better user experience. Carried out by ex-
posing the application to the target audience and processing
the feedback received regarding the problems encountered
[Woebcken, 2021].
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Usability tests, for the most part, evaluate first-time use of
the application, where the results describe the initial use of
the application, rather than use over time. The learning test
is used when asking participants to perform the same tasks
repeatedly in a study, allowing the learning curve to be quan-
tified. In this type of test, the interest is in performance data,
such as the level of knowledge acquired, rather than initial
impressions and problem discovery [Woebcken, 2021].

3.3 Tools and technologies

In this section, the tools and technologies used in this project
are explored. Each tool was selected based on specific cri-
teria to improve application efficiency and compatibility.
Unity, in addition to being an excellent development plat-
form, was chosen due to the authors’ experience gained in
previous projects. Microsoft Visual Studio was selected for
its integration with Unity, ensuring performance and simpli-
fied processes. Axure RP, one of the main prototyping tools
in existence, was essential for designing the project’s inter-
faces. Finally, Trello was adopted due to its effectiveness in
applying the Kanban methodology, facilitating project man-
agement and task organization. These tools contributed to
a cohesive and productive development environment, allow-
ing the project’s objectives to be achieved.

3.3.1 Unity

Unity is a game engine platform, a set of libraries capable
of bringing together and building all the elements of a game
in real-time, created by Unity Technologies for game devel-
opment. Responsible for more than 50% of the games al-
ready created in the world, the tool stands out for enabling
the development of 2D and 3D games, with different styles
of mechanics, and graphics, among other actions, whether
for mobile devices, video games, computers, and even vir-
tual reality devices.
The tool uses the C# programming language, an object-

and component-oriented programming language, developed
by Microsoft. In its free form, it includes many of its func-
tionalities and is available to any user or company, including
for royalty-free commercialization, as long as they do not ex-
ceed annual gross revenue of 100,000 dollars [Technologies,
2022b].
The company relies on the Unity Asset Store, a growing

library of assets created and published by Unity Technolo-
gies and community members. It includes several resources
such as textures, animations, audio, and tutorials, including
some free ones, which make the development of small and
medium-sized projects even easier [Technologies, 2022a].

3.3.2 Microsoft Visual Studio

Microsoft Visual Studio is an integrated development en-
vironment, created by Microsoft, widely used for building
high-performance software for multiplatform Web, Desktop,
and Mobile projects [Microsoft, 2022].
The IDE has some tools specific to Unity that include a

set of features that enhance writing and debugging projects,

providing documentation that ranges fromVisual Studio con-
figuration to information about written code, and IntelliSense
code completion, among others. These tools are available for
free and support Visual Studio 2017 and newer [Microsoft,
2021].

3.3.3 Axure RP

Axure RP is a quick tool for creating diagrams, wireframes,
prototypes, and specifications for websites. With a low learn-
ing curve, the software stands out mainly for connecting to
other tools and services to enable team collaboration, for hav-
ing interaction events, which allows the use of mouse, key-
board, and touch events to trigger interactions, and has con-
ditional logic that allows the addition of conditions and vari-
ables to the [Axure, 2022] prototype.
Although we do not offer a free version for everyone, the

PRO version of Axure RP 10 is available to students and
teachers upon request on the product website.
This tool was used in this work to develop the initial pro-

totypes of the application, which are described in section 5.

3.3.4 Trello

Trello is an activity management tool in lists that can be ad-
justed according to the project’s needs. The tool uses boards,
lists, and cards to obtain a clear view of the project as a whole.
The tool ranges from individuals managing personal projects
to large projects and teams [Junior et al., 2019].
The tool stands out for being cloud-based, so an internet

connection is enough to have full access to managing your
projects, without the need to install software. It attracts users
by using the ideas of the Kanban system, through boards that
contain lists that represent statuses, and cards that contain
tasks that are passed from one list to another, to represent
their progress [Trello, 2022].
In this research, the tool was used to apply concepts from

the Kanbanmethod, explained in subsubsection 3.1.1, so that
it organizes and manages the activities defined for the devel-
opment of this monograph and application from its beginning
to the final result.

4 The game
The game was proposed to be accessible and useful for any-
one interested in learning Libras, even without prior knowl-
edge of the language. Its context of use ranges from lay indi-
viduals to educational environments, such as schools, where
it can serve as a dynamic tool to introduce or improve Libras
skills among young people and adults.
The choice of the Quiz type for the game was motivated

by the effectiveness of this method as an educational tool and
by similar approaches, such as that found in Santiago’s work,
which provide an interactive and dynamic environment for
learning. The definition of all Libras content that the game
addresses and the representation of words with signs through
GIFs were carried out with the support of a language special-
ist, professor of Brazilian Sign Language Débora Dias, from
the Federal Technological University from Paraná, Cornélio
Procópio.
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This section presents some game screens with content in
Portuguese, as the game does not allow the selection of an-
other language. Therefore, explanatory texts were added re-
garding the content of some figures.
The game takes place through questions prepared in 3 for-

mats: text; typing; GIF. As shown in Figure 2, the questions
in text, (a), explore theoretical subjects of Libras such as the
meaning of the acronym, data on its origin, among others.
The typing questions, (b), cover the entire alphabet of the
language and the numerals, essential introductory signs for
learning the language, and the GIFs, (c), cover words and
expressions. For the 3 types of questions, the player is pre-
sented with 4 alternatives, where only one represents the cor-
rect alternative.
English description Figure 2: Screens “a”, “b” and “c”

show the total of rights and wrongs and the number of ques-
tion. At scream “c”, for example, the player has to choose the
right answer to the image and the options being “SORRY”,
“PLEASE”, “THANK YOU” and “EXCUSE ME”.

(a) (b) (c)

Figure 2. Play screen in different formats

4.1 Game levels

The game was structured into 9 levels, containing 10 ques-
tions each, which were judged sufficient to cover the main
aspects of Brazilian Sign Language. Level selection is rep-
resented in Figure 3. This quantity was determined based on
the teaching material used as reference, material prepared by
teacher Débora and used in the Libras 1 discipline. The pro-
gression of levels was planned to start with basic concepts
and gradually progress to more advanced topics, aligning
with the order didactics established by the specialist teacher.
This approach ensured a natural progression of difficulty, al-
lowing players to gradually acquire knowledge throughout
the game.

• Level 1 of the game is responsible for presenting ques-
tions in text, to introduce concepts and inform players
of important information about the language.

• Levels 2, 3, and 4 of the game include typing questions,
enabling the user to learn the entire alphabet and num-
bers.

• Level 5 of the game deals with names written in typing,
to exercise the alphabet learned in levels 2 and 3.

• From level 6 onwards, the game addresses Libras signs,
starting with the basics and gradually advancing as the
levels increase.

Figure 3. Choose level screen

4.2 Mechanics
The game has a simple and unique mechanic, where the user
needs to select the alternative they believe to be correct with a
”tap on the screen” and confirm the choice, then they will re-
ceive feedback: with green in the alternative correct and red
for the other alternatives, allowing the player to learn from
his mistake, as shown in Figure 4.
English description Figure 4: In this screen, the question

is “What does LIBRAS means?

Figure 4. Play Screen

4.3 Rewards
The game has a star system, which rewards the player based
on their hit percentage when finishing the level in question.
The rules define the rewards and are valid for all game levels:

• If the player reaches 90%ormore, he will receive 3 stars
as a reward, maximum reward reached;

• If the player achieves 60% to 89% accuracy, he will re-
ceive 2 stars, representing an average performance;

• If the player achieves 10% to 59% accuracy, they will
receive 1 star, a result of low performance at the level;

• If the player’s success rate is less than 10%, he will not
receive stars.
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Figure 5 shows an example of a possible game outcome.
English description Figure 5: The “Results Screen” shows
the total that the player guessed right: “You guessed 7 out of
10 questions.”.

Figure 5. Results screen

5 Results
This section presents the results of the work, showing the
evolution of the prototypes, the tests applied, and their im-
provements.

5.1 Prototypes
In this section, the concepts of the evolutionary prototyping
model seen in subsubsection 3.1.2 are applied, making a com-
parison from the initial prototype to the final version of all
screens of the application.
Figure 6 presents the prototypes of the interface that the

user will find when opening the application, called the Home
screen. In the initial prototype, (a), the screen has an area for
the project logo and 4 buttons: ”play”, ”tutorial”, ”article”
and ”about” where each of them has the function of directing
the user to specific screens that are described throughout this
section, and a button to close the application.
Note, in (b), the evolution of the initial prototype, where

textures and images were inserted into the application and
one of the button names was changed, from ”article” to
”study”, to make it a more intuitive button function.

In (c), the final version of this screen, the application logo
was changed enhanced aesthetically in the application and a
new ”reset points” button was also inserted, to give the user
the option to start the game from the beginning, removing all
previously acquired points, if you want to test your knowl-
edge again.

(a) (b) (c)

Figure 6. Home screen prototypes

Figure 7 presents the prototypes of the Study screen, re-
sponsible for directing the user to the PDF file, which deals
with the contents that will be covered in the game, in a theo-
retical way. In the initial prototype, (a), the screen contains a
space for an image that represents the document, along with
a link address and a button to return to the Home screen.
In (b), the evolution of the prototype can be seen, which

has an image taken from the cover of the document in ques-
tion and the name of the author, in addition to the local city
and a button titled ”pounds 1” which gives access to the file.
In the final version, (c), the logo of the Ministry of Ed-

ucation and UTFPR was inserted,along with some addi-
tional information, transmitindo credibilidade e confiança
aos usuários no contexto educacional, and presents the figure
of an interpreter performing the sign for theword Libras, para
representar o matérial que será acessado pelo botão, agora
chamado ”clique aqui”, alteração proporcionada pelo feed-
back no teste de descoberta de problemas.

(a) (b) (c)

Figure 7. Study screen prototypes

Figure 8 displays the Tutorial screen, which provides a
brief explanation of how to play the game. In the initial pro-
totype, (a), the screen contains explanatory text and a button
to return to the Home screen. For the final version, (b), tex-
tures were inserted and the text underwent small changes for
better understanding to facilitate user comprehension.
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(a) (b)

Figure 8. Tutorial screen prototypes

Figure 9 displays the About screen prototypes, with the de-
veloper’s personal information and their motivation for car-
rying out the project. In the initial prototype, (a), the text
is presented, along with a contact email and a button to re-
turn to the Home screen. For the final version, (b), as well
as on the Tutorial screen, textures were inserted and the text
underwent small changes.

(a) (b)

Figure 9. About screen prototypes

Figure 10 presents the prototypes of the Choose Level
screen, the screen responsible for allowing the user to choose
which level they want to play. In the initial prototype, (a), the
available levels are presented for the user to select and imme-
diately after choosing, they start the game and use the back
button to return to the Home screen.
In the second version, (b), we can see the insertion of tex-

tures and images into the project, based on the initial proto-
type.
In the final version, (c), information on the user’s result

was added to each level through reward stars. If you have
not yet completed the level in question, you will notice the
stars turned off, this change greatly enhanced the application
as it now allows tracking the player’s progress in each level
and alsomonitoring which levels have been completed or not.
An informative menu was inserted that shows the theme of
the selected level, which ensures that the user will access the
level they really want by verifying the theme, and finally, a
”play” button that must be pressed to start the game after the
user selects the desired level, which prevents the user from
accidentally clicking on a level they do not wish to start.

(a) (b) (c)

Figure 10. Choose Level screen prototypes

Figure 11 displays the prototypes of the Play screen, the
game’smain screen, responsible for displaying questions and
alternatives to the user.
In (a), the initial prototype of the Play screen is presented,

where the question with the 4 alternatives is displayed, the
number of errors and correct answers by the user is also in-
formed, which number of the questions the player is currently
in and a back button to return to the Choose Level screen.
In the second version, (b), textures, images, and fonts are

inserted into the project, using the initial prototype as a basis,
where the back button was removed, as a forced attempt for
the user to complete the level from start to finish.
In the latest version, (c), after some research and discus-

sions with the evolution of the prototypes, the back button
removed in the previous version returns to the prototype, to
give the user free choice. A ”next” button was also inserted
so that, after answering the current question, the user clicks
to go to the next question and another feature of the screen
in question will be discussed next, in comparison to the re-
moved screen, called review.

(a) (b) (c)

Figure 11. Play screen prototypes

Figure 12 displays the prototypes of the Result screen, the
final screen of the game, responsible for showing the user
their performance at each level.
In (a), the initial prototype of the Result screen is shown,

where the user’s percentage of correct answers on the level
in question and the reward stars are displayed. The level
in question also comprises the screen, two buttons, namely
”review”, which would take the user to the Review screen,
which will be covered in Figure 13 and ”return”, which re-
turns to the Choose screen Level.
In (b), the second version of the Result screen is shown,

where the textures, images, and fonts are applied. The
”review” button was removed and the ”back” button was
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changed to a ”menu” button that takes you to the Choose
Level screen.
In the latest version, (c), an informative text is added,

which describes howmany questions the user got right, out of
a total of 10 questions, ensuring the delivery of information
about their performance, and the ”redo” button is inserted,
which restarts the level in-question, if the user wishes, al-
lowing the user to replay the level if they feel they did not
perform well.

(a) (b) (c)

Figure 12. Result screen prototypes

Figure 13 displays the prototypes of the removed Review
screen and the Play screen. The review screen was respon-
sible for presenting the user with the correct alternative in
green and the one they selected, if wrong, in red. With the
evolution of the prototypes and the project, the screen in ques-
tionwas discarded and the gaming screenwas responsible for
performing the function in question.
In (a), the initial prototype of the Review screen is pre-

sented, which displays a prototype identical to the initial pro-
totype of the play screen, however, with emphasis on alter-
natives to provide the user with learning through error.
In (b), the Play screen is displayed, performing the func-

tion that would be the Review screen, which is displayed
immediately after the user selects an alternative, where the
correct alternative is highlighted in green and the wrong al-
ternatives are highlighted in red. This change was made so
that the user wouldn’t need to review all the questions at the
end of the level on the Review screen. With the prototype’s
evolution, the user receives feedback on their answer imme-
diately after responding to it on the Play screen.

(a) (b)

Figure 13. Review and Play screens prototypes

5.2 Usability testing
This section deals with the execution of the tests mentioned
in subsubsection 3.2.1, the actions performed, and the results
obtained.
For both types of tests, a sample of 10 people was used

within the target audience of this application.

5.2.1 Problem discovery

To carry out this test, the first final version of the applica-
tion was exposed to sampling. Participants downloaded the
APK file, Android Application Pack, the standard file format
used by the Android operating system for distributing and in-
stalling mobile applications, on their own devices. Each per-
son used their personal cell phone, which included different
models of devices with the Android operating system. The
test allowed users to freely navigate through all of the game’s
features and screens. Subsequently, complete feedback was
requested on their experience, with a focus on identifying
problems and points for improvement in the application.
Next, an evaluation of the data received was carried out

with the aim of evaluating the possibility of implementation,
relevance and benefit of each problem and suggestion pre-
sented, prioritizing the changes that would bring the greatest
improvement to the user experience.
The problems identified during this usability test, plus

their severity classified as high, medium and low, are listed
in the Table 2.

Table 2. Identified problems

Among the problems identified, users highlighted the need
to know not only which question was being displayed on
the Play screen, but also how many questions made up the
current level. This suggestion was received as a means of
improving time management and offering a clearer view of
progress in the game. Based on this feedback, a modifica-
tion was made to the application to include the information
”Question 1 of 10”, allowing users to more easily assess the
time needed to complete the level or decide when to return
to the game.
Figure 14 presents an example of this modification, where

the information ”Question 1” is changed to ”Question 1 of
10”.

Figure 14. Play screen improvements
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On the Study screen, two problems were identified during
the development process. Firstly, it was observed that the
logo images were positioned outside the designated area in
the final version of the application, a problem that did not
occur during the tests being carried out. This change was
made to ensure adequate visual presentation.
Furthermore, a difficulty in understanding the way the

texts were presented was identified. Differences in fonts,
colors and text sizes were causing confusion in the trans-
mission of information and making actions that should be
intuitive difficult, such as identifying the PDF access button,
originally named ”Libras 1”. In response to this feedback,
some adjustments were made: the logos were readjusted to
be within the designated area, and the font, size and position
of the texts were standardized. In addition to changing the
text of the ”Libras 1” button, it was replaced by ”Click here”,
making the button’s function clearer and more intuitive for
users.
Figure 15 exemplifies these modifications, illustrating

how logos were relocated and improvements in textual pre-
sentation were implemented to improve usability and the
overall user experience.

Figure 15. Study screen improvements

One last improvement was implemented on the Home
screen, taking into account sampling feedback. It was ob-
served that the ”Reset Points” button presented a usability
problem, the absence of a confirmation before deleting all
accumulated points from the game. This could result in the
accidental loss of points due to an unintentional click or a
click out of curiosity about the button’s functionality.
In response to this feedback, a confirmation pop-up has

been added to the ”Reset Points” button. This modification
aims to ensure that the user is confident in their decision
when deleting their game process, providing an additional
layer of security and preventing the unintentional loss of their
points.
Figure 16 exemplifies this change, illustrating how the

confirmation pop-up was integrated with the ”Reset Points”
button on the Home screen.

Figure 16. Home screen improvements

Tests to discover project problems followed an organized
structure to ensure success in implementing the mentioned
improvements. Initially, a representative sample partici-
pated in exploratory usability tests, offering general feedback
about the application. Based on this feedback, problems and
opportunities for improving the user experience were identi-
fied. Each improvement was then implemented and tested
internally before being validated by the users who presented
the problems. The results included screen adjustments, im-
provements to text readability and implementation of addi-
tional security measures, such as the confirmation pop-up
for the ”Reset Points” button. These changes reflected an
improvement in usability and the overall experience of the
application.

5.2.2 Learning Test

Renata Pasinotto (2008) explores in her article ”Error in the
teaching-learning process” the concept of learning through
one’s ownmistakes as an effective strategy in the educational
context. The approach highlights that student errors should
not be seen just as flaws to be corrected, but rather as valu-
able opportunities for learning and knowledge development.
This method not only promotes greater autonomy and re-
sponsibility in the learning process, but also contributes to a
more reflective and adaptive education, where errors are seen
as a natural part of students’ intellectual growth [Pasinotto,
2008].
Learning curve is a mathematical representation of users’

performance when performing a task repeatedly. As users
interact with the game’s phases several times, they begin to
take less time to perform and make fewer mistakes, whether
through the knowledge acquired with the game’s subjects,
through adapting to its mechanisms or through discovering
more efficient strategies. . By analyzing the data generated,
it is possible to identify which activities have seen the great-
est and least progress, points of ease and difficulty, and areas
that require special attention. This approach allows users to
evaluate their progress over time, helping them make deci-
sions to improve learning effectiveness [Anzanello and Fogli-
atto, 2007].
To evaluate users’ learning, the sample was asked to com-

plete each level of the game three times, sending their per-
centage of correct answers after each attempt, with intervals
of one day between them. The collected data was then orga-
nized into a table, in order to analyze and obtain insights into
the users’ learning level.
Table 3, Table 4 and Table 5 respectively present the sam-

pling performance in terms of percentage of correct answers
for each user at each level of the game during the first, second
and third attempts.
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Table 3. Sampling performance on its first attempt

Table 4. Sampling performance on its second attempt

Table 5. Sampling performance on its third attempt

Through data analysis, it was possible to identify the av-
erage percentage of correct answers for the sample in all dis-
ciplines and levels of the game. In the first attempt it was
42.44%, in the second attempt 64.67% and in the third at-
tempt, the average sampling performance was 92.22%.
There is an average performance improvement of 22.22%

from the first to the second sampling attempt, from the sec-
ond to the third attempt an average of 27.56% was obtained,
totaling an average improvement of 49.78
With the data exposed, it is possible to notice an improve-

ment in the performance of users, who acquired knowledge
about Libras through the error correction learning method.
Although this study provided valuable insights into user per-
formance, it is important to recognize its limitations. This
evaluation focuses on game results only and does not in-
clude an external evaluation or comparison with other learn-
ing methods. Future studies could explore other evaluation
methods for a more comprehensive assessment of the educa-
tional effectiveness of the application.

6 Conclusion
This article presented a mobile application for learning Li-
bras, using an active teaching methodology, which places the

student as an active subject of their learning. The application
consists of a question-and-answer game to teach Libras signs
in which the player is subjected to a series of questions with
alternatives and their mistakes and successes are counted in
which they will be evaluated regarding their knowledge of
the language and rewarded with stars in the game, based on
your number of hits.
The game offers everything from initial signs, such as the

alphabet and numerals in typing, to words used in everyday
life. It presents the theoretical contents of the language, to
contextualize and transmit important information about the
origin of Libras, and the rights of deaf people and uncover
myths created about this community.
By carrying out the learning test, it was possible to ob-

serve that the game conveys knowledge about the topic cov-
ered, considering the universe evaluated. A significant per-
formance improvement was noted for users who carried out
the test using the error correction learning method, present-
ing a satisfactory result and making the application a viable
alternative for learning Libras.

6.1 Future works
A valuable complement to the application is the extension of
the content covered within the game. The current game has
a limitation of topics covered, since Libras, like any other
language, contain a multitude of words, therefore increasing
the vocabulary covered will enrich the application.
Another implementation that would increase the game’s

functionalities is the creation of an online score table, where
users can compare their performances and be rewarded, to
further encourage learning through competitiveness.
To increase the reach of the application, in terms of reach-

ing as many target audiences as possible, making the applica-
tion available beyond the Android operating system is impor-
tant. Although the system, according to [StatCounter, 2022],
dominates the global market with 71.94% of users, making
the application available for the two largest current operating
systems is relevant.
The creation of other gamemechanics in the application in

order to make it more interactive for users, such as the use of
a help button, where the user can use game ”coins” to elim-
inate one or two wrong alternatives, to facilitate a question
that is in doubt. The use of a timer to encourage the user’s
quick thinking when answering questions, either to reward
users who respond in less time or to set a maximum time to
answer each question. A button to skip a question, also us-
ing ”coins” from the game to advance without losing points,
adding even more to the gamification of the application.
Finally, in addition to the improvements mentioned, an im-

portant aspect of the continuous evolution of the application
is the incorporation of user feedback. Collecting and analyz-
ing user feedback can provide valuable insights into areas in
need of improvement. For example, by identifying recurring
patterns in suggestions regarding the lack of diversity of top-
ics covered in the application, it is possible to adjust the level
of difficulty of the questions and add new topics of interest.
Furthermore, implementing the feedback system within the
game itself is of great value for the evolution of the software,
as it facilitates this information collection, allowing users to
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report their experiences directly. This process improves the
player’s experience and strengthens the relationship with the
user community. User feedback, therefore, is not only an
evaluation tool, as was used in testing this application, but
also a guideline for the future development of the application,
ensuring that it remains relevant and effective in teaching Li-
bras.
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