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Abstract

Reflecting on the importance of educational games as teaching and learning resources
and the need to develop research on probability for the early years of Elementary
School in Brazil (ages 6 to 10), the following research question was defined: in what
way do the problematizations arising from the "Question" cards of the digital game
"Probability in Action" favor the construction of probabilistic knowledge? Thus, this
study aimed to investigate the learning of probability among twenty-nine students from
two fifth-grade elementary school classes (ages 10 and 11) at a school in the
municipality of Barueri, Sao Paulo, Brazil. The study considered the situations
experienced by these students while participating in the game and in post-game
experimental activities proposed through the "Question" cards. In this investigation,
Guy Brousseau’s Theory of Didactical Situations (TDS) served as the framework for
evaluating the game-supported intervention, seeking the development of probabilistic
competencies and skills, specifically the concept of certain or sure random events. The
research results showed that the problematizations arising from the game cards have

the potential to favor and broaden the construction of probabilistic knowledge, with the
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teacher's intentionality and mediation being crucial points for knowledge to be
effectively generated and established.
Keywords: Digital game, Probability teaching, Elementary school, Theory of

didactic situations.

Resumen

Reflexionando sobre la importancia de los juegos didacticos como recurso de ensefianza
y aprendizaje y sobre la necesidad de desarrollar investigaciones en probabilidad para
los primeros anos de la Educacion Primaria en Brasil (6 a 10 anos), se definid la
siguiente pregunta de investigacion: éde qué forma las problematizaciones derivadas
de las tarjetas “Pregunta” del juego digital “Probabilidad en Accion” favorecen la
construccion del conocimiento probabilistico? Asi, el presente estudio tuvo como
objetivo investigar el aprendizaje de probabilidad de veintinueve alumnos de dos
grupos de quinto ano de educacién primaria (10 y 11 afos) de una escuela del municipio
de Barueri, Sao Paulo, Brasil, considerando situaciones vividas por estos al participar
en el juego y en actividades de experimentacidon (posjuego); propuestas a través de
las tarjetas “Pregunta” que lo componen. En esta investigacidon, la Teoria de las
Situaciones Didacticas (TSD) de Guy Brousseau sirvié de soporte para la evaluacion de
la actividad de intervencion apoyada en el juego, buscando el desarrollo de
competencias y habilidades probabilisticas, especificamente el concepto de evento
aleatorio cierto o seguro. Los resultados de la investigacion mostraron que las
problematizaciones derivadas de las tarjetas del juego tienen potencial para favorecer
y ampliar la construccidon del conocimiento probabilistico, siendo la intencionalidad y la
mediacion del profesor puntos cruciales para que el conocimiento sea, de hecho,
generado y establecido.

Palabras-clave: Juego digital, Ensefanza de la probabilidad, Educacién

primaria, Teoria de las Situaciones Didacticas.

Résumeé

En réfléchissant a I'importance des jeux didactiques comme ressource d'enseignement
et d'apprentissage, ainsi qu'a la nécessité de développer des recherches sur les
probabilités pour les premiéres années de |'école élémentaire au Brésil (6 a 10 ans), la
question de recherche suivante a été définie : de quelle maniere les problématisations
découlant des cartes « Question » du jeu numérique « Probabilité en Action »
favorisent-elles la construction des connaissances probabilistes ? Ainsi, cette étude
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visait a enquéter sur l'apprentissage des probabilités de vingt-neuf éleves de deux
classes de cinquieme année (CM2) de I'école primaire (10 et 11 ans) d'une école de la
municipalité de Barueri, Sdo Paulo, Brésil. L'analyse a pris en compte les situations
vécues par ces éléves lors de leur participation au jeu et aux activités d'expérimentation
(post-jeu) proposées a travers les cartes « Question ». Dans cette investigation, la
Théorie des Situations Didactiques (TSD) de Guy Brousseau a servi de support a
I'évaluation de l'activité d'intervention appuyée par le jeu, visant le développement de
compétences et d'habiletés probabilistes, spécifiquement le concept d'événement
aléatoire certain ou s(r. Les résultats de la recherche ont montré que les
problématisations issues des cartes du jeu ont le potentiel de favoriser et d'élargir la
construction des connaissances probabilistes, l'intentionnalité et la médiation de
I'enseignant étant des points cruciaux pour que les connaissances soient réellement
générées et établies.

Mots-clés : Jeu numérique, Enseignement des probabilités, Ecole élémentaire,

Théorie des situations didactiques.

Resumo

Refletindo sobre a importadncia dos jogos didaticos como recurso de ensino e
aprendizagem e sobre a necessidade de desenvolver pesquisas em probabilidade para
0s anhos iniciais do Ensino Fundamental no Brasil (6 a 10 anos), definiu-se a seguinte
questao de pesquisa: de que forma as problematizagdes decorrentes das cartas
“Pergunta” do jogo digital “Probabilidade em Acgao” favorecem a construcao do
conhecimento probabilistico? Assim, o presente estudo teve por objetivo investigar a
aprendizagem de probabilidade de vinte e nove alunos de duas turmas do quinto ano
do ensino fundamental (10 e 11 anos) de uma escola do municipio de Barueri, Sdo
Paulo, Brasil, levando em consideracao situagdes vivenciadas por estes ao participarem
do jogo e de atividades de experimentacdo (pds-jogo); propostas por meio das cartas
“Pergunta” que o compoe. Nesta investigacdao, a Teoria das Situacdes Didaticas - TSD
de Guy Brousseau serviu de suporte para a avaliacao da atividade de intervencao
apoiada no jogo, buscando o desenvolvimento de competéncias e habilidades
probabilisticas, especificamente o conceito de evento aleatério certo ou seguro. Os
resultados da pesquisa mostraram que as problematizagdes decorrentes das cartas do
jogo tém potencial para favorecer e ampliar a construcdo do conhecimento
probabilistico, sendo, a intencionalidade e a mediacdo do professor pontos cruciais para

gue o conhecimento seja de fato gerado e estabelecido.
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Palavras-chave: Jogo digital, Ensino de probabilidade, Ensino fundamental,

Teoria das situagdes didaticas.
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The potentialities of the digital game "probability in action"” for teaching
probability to students aged 6 to 10

Introduction

Since a long time ago, “physical” games are used as a teaching resource in the
classroom and currently, with technological advances, this resource has expanded to
digital versions. Ricci and Santos (2016) state that, currently, digital games are
versatile and occupy a privileged place in students' preference, as they can be used in
various ways and in different contexts.

According to Menezes (2003), digital games are naturally motivating and have
challenges to be overcome through a set of rules and dynamic situations that are
presented to the player. The action of playing is carried out voluntarily and most of the
time provides a playful and pleasurable environment, allowing the user to play, being
part of the game itself.

Although digital games have this motivating effect, due to the challenges they
provide to the player, their simple inclusion in the educational context is not enough
for them to be classified as such. According to Silveira et al. (2012), educational digital
games are designed to bring students fun, motivation and a greater chance of learning
the content.

According to Pietro et. al. (2005) for a game to be considered educational it is

necessary:

have pedagogical objectives and their use must be inserted in a context and
teaching situation based on a methodology that guides the process, through
interaction, motivation and discovery, facilitating the learning of content (p. 10).

Therefore, it is necessary to choose and use digital games that offer both technical
and pedagogical quality, that is, that are capable of arousing interest, at the same time
as teaching. In this way, they will be able to help the teacher in their classes, making
them more interesting, making the student feel at ease, wanting to learn more (Prieto
et al. 2005).

However, only the game does not guarantee student learning. According to Moura
(1992), when choosing the game as a teaching strategy it is necessary to have
intentionality, that is, the game needs to be designed with the intention of promoting

learning.
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From this perspective, it is considered that, to choose the game, it is important
to reflect on: (1) Why did I choose the game? (2) How will I explore it? (3) What do I
want from the game? (4) What do students learn from the game?

In the case of teaching probability in the early years of elementary school, there
is a gap to be filled in relation to the creation, development and use of digital games
that consider such content.

Thus, the proposal developed in this work aimed to investigate student learning,
through the Theory of Didactic Situations — TDS by Brousseau (1998), taking into
account situations experienced in the game and in a post-game activity that involved
the classification of certain or certain random events, to confirm, or not, whether the
problematizations arising from problem situations expressed in "Question” cards of the
game, favor the construction of probabilistic knowledge.

Therefore, it is necessary for schools to encourage, from Elementary School
onwards, the formation of concepts of a probabilistic nature, providing students with
the acquisition of knowledge, that is, exploring probabilistic concepts involving different
mathematical concepts. Probabilistic knowledge and conceptual development can be
obtained through experiments that allow students to carry out observations and draw

conclusions, thus developing their scientific thinking, fundamental to their training.

Theoretical framework

For Savi and Ulbricht (2008), educational games are used in educational
institutions as a teaching resource containing characteristics that can bring benefits to
teaching and learning practices and can expand students' cognitive and intellectual
capacity.

For Hsiao (2007), educational games must have a balance between fun and
learning, and what causes learning are the environments generated by the games,
making the acquisition of knowledge an interactive and dynamic environment.

According to Fernandes and Silveira (2019), digital games allow players to
interact in a sociable way, regardless of whether the interaction occurs through the
game itself or the physical environment in which the game takes place. When playing
in a group, it is possible for players (students) to share or expose problems and
difficulties, allowing a process of mutual assistance, bringing the idea of learning that
can be shared (Hsiao, 2007).

Lima and Moita (2011) see the digital game from two aspects: (1) As a playful

technological resource, which brings together factors such as: fun, pleasure, skills and
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knowledge; (2) As a multifaceted instrument, which favors learning while providing
diverse and attractive activities, constituting scenes, through interaction with
knowledge.

In this way, the educational digital game presents itself as a technology that can
contribute to the teaching and learning process, through interaction between the
student and the software. It also opens up space for autonomy, creativity, originality
and the possibility of experiencing situations that would often not be possible in a
classroom (Tarouco et al., 2004).

However, when the teacher proposes the use of games in the teaching and
learning process, it is necessary to first reflect and list the objectives they want to
achieve and, thus, plan their intervention actions during the activity using games
(Grando, 2004).

With regard to teaching probability in the initial years, according to the Base
Nacional Comum Curricular — BNCC [National Common Curricular Base] (Ministry of
Education, 2018), teaching resources, including games, play an essential role in
understanding and using probabilistic notions, and these materials need to be
integrated into situations that lead to reflection and systematization, so that a
formalization process can begin.

There is little research in this area, that is, those that involve teaching probability
in the early years of elementary school through digital games, such as those by Batista
(2016) and Miranda (2020).

Thus, Batista (2016), based on the assessment of the report aimed at teaching
probability (Children's understanding of probability) by Bryant and Nunes (2012),
carried out a survey of research relating to children's probabilistic thinking, in which
the students' knowledge about probability, in particular with regard to randomness, the
sample space and the comparison of probabilities, through the digital version of the
game “Carlinha's Random Walks”. As a result, the intuitive meaning of probability was
highlighted by the children, who brought to light a natural language, based on beliefs
and opinions.

For Bryant and Nunes (2012), probabilistic thinking is complex knowledge that
involves the development of four cognitive skills: 1) Understanding nature and
consequences of randomness; 2) Form and categorize the sample space; 3) Compare
and quantify probabilities; 4) Understand correlations.

In Miranda (2020), through the "Wordwall Platform” games were created for the

initial years of elementary school (1st to 5th year), covering the objects of knowledge
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and skills proposed in the BNCC (Ministry of Education, 2018). It was considered that
the proposal of digital games combined with the notions of probabilities aimed at
allowing children to learn content in a playful way, enabling them to naturally deduce
probabilistic thinking.

Furthermore, different research (Batista & Borba, 2016; Borba, 2017; Verbisck &
Bittar, 2019) shows that children at the beginning of school have basic notions that
allow them to develop probabilistic thinking.

However, the development of probabilistic thinking in elementary school
students, according to Santos (2010), depends on didactic actions that must be carried
out with students, in the classroom, since little or no probabilistic experience is
experienced and/or observed by them, without there being an effective intervention.

Contemporary literature confirms the relevance of games (digital and analog) as
strategies to mitigate learning gaps and foster probabilistic reasoning in Basic
Education. Although the international landscape shows performance gains, authors
such as Farias et al. (2024) and Santos and Araujo (2026) warn that the Brazilian
reality still faces obstacles, such as the scarcity of technological infrastructure, the need
for specific teacher training, and a scientific production that is still consolidating.
Notwithstanding these challenges, qualitative reviews reiterate that playfulness and
immersion in the student's reality diversify the educational environment, allowing for
the contextualized and mediated assimilation of complex concepts.

In this light, the development of artifacts aligned with the knowledge objects
demonstrates the practical potential of this approach, especially in the early years.
Lozada and Lozada (2022, 2024) highlight that games based on criteria of adaptability
and problematization are effective in developing language and probabilistic thinking.
This effectiveness is corroborated by studies on iterative design and usability (Oliveira
Junior; Datori Barbosa, 2023; Barbosa et al., 2022), which validate playful interfaces
and hybrid proposals, such as the use of tree diagrams and manipulative materials
(Teixeira, 2022). In short, the evidence converges toward an understanding of the
game as an essential didactic-pedagogical resource, capable of promoting engagement

and the investigation of randomness, thereby reframing Mathematics teaching.

The educational digital game “Probability in Action”

The educational digital game “Probability in Action”, in board format (Figure 1)

was built using Construct 3 software and aimed to achieve learning objectives related
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to basic concepts of probability in the early years of Elementary School (6 to 10 years
old) in Brasil.

Construct 3 according to Donaghy (2023) is a game creation tool aimed at both
non-programmers and experienced programmers, allowing the rapid creation of games,

using the Drag-and-Drop style.

Figure 1
Image of the digital game "Probability in Action”

@ preview.constructnet/localhtm

A INSTRUCOES Do
=

Note. Elaborated by the authors.

Thus, the digital game, in board format, presents cards of two types (Figure 2):
(1) Questions (?), referring to the proposed tasks or questions (problem situations)
that must be answered to move around the board (Figure 2, first line); and (2) Learn
More (1), Figure 2 (second line), which bring videos with curiosities and/or probabilistic
information using verbal language and different types of numerical representations
(fractional, decimal and percentage). In total, 89 “Questions” cards and 18 "“Learn

More” cards were created, these in video format with animation.

Figure 2

Question and Learn More card templates

" " Choose the option that characterizes the

@ 8 My friend brought 12 colored pencils to school, 6
I possible event by picking one of the cards below: \

% 4 red and 6 green. When removing 5 pencils, one at a
r—r time and, with replacement, the order was as
follows: red, green, red, green, green. In the next
withdrawal, which color will come out?

It doesn't matter, red or green,
both have the same chance of
coming out
Green because they were the
last two colors to_come out.
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Endangered species =

. The Spix's Macaw became famous in the movie

"Rio", but unfortunately it disappeared from nature
after being a constant target of bird trafficking

and, today, it only exists in captivity. According to

the Chico Mendes Institute for Biodiversity
Conservation (ICMBio), there are a total of 167
Spix's Macaws, 147 in Germany, 2 in Belgium, 4 in
Singapore and 14 in Brazil.

pieoq 0} ey

Note. Prepared by the authors.

When developing the tasks indicated in the "Question” cards, it is highlighted that
the probabilistic notions were supported by the BNCC (Ministry of Education, 2018),
bringing the objects of knowledge and skills to be developed in the initial years of
elementary school (students aged 6 to 10), in the teaching program on probability and
risk by Bryant and Nunes (2012), which aims to grasp probabilistic concepts and in the
North American document GAISE II (Bargagliotti et al., 2020) for incorporating skills
necessary to understand related advances to teaching statistics and probability in
recent years, maintaining the spirit of the first version called GAISE I (Franklin et al.,
2007).

As for the probabilistic contents to be covered, these are presented in Table 1

(Description of knowledge objectives and description of skills).
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Table 1

Objects of knowledge and skills of the probabilistic contents proposed in the BNCC

from the 1st to the 5th year of Elementary School

Year
] Knowledge objects Skills?
studied wieda y !
(EFO1MA20) Classify events involving chance,
First year Notion of chance. such as" It Wl‘ll. d.ef!mtely r_mappen it m|ght
happen” and “it is impossible to happen”, in
everyday situations.
Second Analysis of the idea of (EFO2MA21) Classify results of random
randomness in everyday events as “unlikely”, “very likely”,
year H H A\Y H n”n A\ H n
everyday situations. unlikely” and “impossible”.
Analysis of the i f
. nalysts c.) the idea o (EFO3MA25) Identify, in random family events,
Third chance in everyday . . .
. ) all possible outcomes, estimating those that
year situations: sample
have a greater or lesser chance of occurrence.
space.
(EFO4MA26) Identify, among random
h hat h
Fourth Analysis of chances of everyday events, t ose that ave a greater
Year random events chance of occurring, recognizing
' characteristics of more likely results, without
using fractions.
Sample space: analysis (EFO5MA22) Present all possible results of a
of chances of random randomized experiment, estimating whether
Fifth year events. these results are egually likely or.r.lot.
. (EFO5MA23) Determine the probability of
Calculation of .
- occurrence of an outcome in random events,
probability of .
. when all possible outcomes have the same
equiprobable events. . .
chance of occurring (equiprobable).

Note. Adapted from Ministry of Education (2018, p. 276-277; 280-281,; 284-285;
288-289; 292-293).
Finally, to better understand the dynamics of the game, its rules are presented,
namely:
1) As soon as the user (student) starts the game, a die is displayed that will be in
continuous movement, rotating randomly. This will occur again whenever the
character representing the player/student finishes advancing through spaces.
2) To start the game, the player must click on the dice button to stop spinning and,
consequently, stop at a number so that the character can advance the number of
spaces on the board that came up on the dice.
3) In relation to the players' progress on the game path, if it falls:

3.1) In the Return space (X): go back to one space on the board;

! The alphanumeric code that identifies the skills of the Elementary School teaching stage is composed of a pair of letters that
identify the teaching stage (Elementary Education — EF), followed by a pair of numbers that indicates the year to which this skill
refers. (ex. 04 — 4th year), a second pair of letters that indicates the curricular component (ex. MA — Mathematics) and a last pair of
numbers indicates the position of the skill in the sequential numbering of the year or block of years.
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3.2) In the Question box (?): A question, a problem situation, will appear. If the
student gets it right, they earn 3 points; If you make a mistake, you lose 1 point. If
you get the answer right, in addition to scoring, you will also receive a "bonus",
which will be directed to one of the four mini games (Figure 3) with elements of
randomness, whose points earned will be added to the overall score.

3.3) In the Learn More box (!): A layout opens with a video providing information
and probabilistic curiosities. After watching the video, just click “return to the game”.
When landing in this space, the player also earns a little star and for every 3 little

stars accumulated, he earns 2 points to be added to the overall score.

Figure 3

Environments of the mini games of the digital game "Probability in Action”

Note. Elaborated by the authors.

The game ends, that is, the victory condition is given when the player reaches the
end of the board with at least 15 points. If the player reaches the end of the board with
a score below 15 points, his score will be maintained and the character will return to
the beginning of the board so that he can restart the entire journey and be able to fulfill

his mission, that is, reach the end of the board with no minimum 15 points earned.

Methodological procedures

As for the methodology, it was a qualitative approach, through field research with
participant observation. In addition to the game, the following instruments were used

for data collection: 1) field notebook with records of observations carried out in the
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classroom; 2) records of 29 students from two classes in the fifth year of elementary
school at a school in the city of Barueri, Sao Paulo, Brasil; 3) students’ oral statements
obtained through audio recordings.

It is noteworthy that this research is registered with the research ethics
committee of Plataforma Brasil at Universidade Federal do ABC - UFABC, under number
CAAE: 61382122.2.0000.5594.

Thus, to investigate whether the problematizations arising from the game cards
favor the construction of probabilistic knowledge, activities (problem situations) based
on the game cards were developed post-game, in the classroom, for two classes in the
5th year of Education Elementary school (students aged 10 and 11) at a school in the
city of Barueri, Sao Paulo, Brasil.

According to the Theory of Didactic Situations (TDS), learning is neither a linear
process nor a simple transfer of information; rather, it constitutes a dual movement of
adaptation and acculturation (Brousseau, 1986; Torres, 2023). Adaptation arises from
the subject’s cognitive adjustment to a medium characterized by contradictions and
imbalances, whereas acculturation represents the integration into institutionalized
cultural knowledge. Within TDS, this process is sustained by specific theoretical
constructs: devolution, which fosters the conditions for adaptation, and the didactic
contract and institutionalization, which ensure the conditions for formal acculturation
(Margolinas et al., 2011; Houle, 2016; Mangiante-Orsola, Perrin-Glorian & Strgmskag,
2018; Santos, 2021).

Data analyzes were based on Guy Brousseau's Theory of Didactic Situations -
TDS, which sought to understand the relationships that occur between students, the
teacher and knowledge in the classroom. It is expected that these relationships can
provide conditions for the consolidation of learning through problem situations that
occur when activities are developed in the classroom.

Almouloud (2019) emphasizes the significance of the Theory of Didactic
Situations (TDS) by introducing an epistemological rupture, asserting that
mathematical knowledge is inherently tied to problem-solving activities within a specific
milieu. In this framework, mathematics is a structured endeavor characterized by the
phases of action, formulation, validation, and institutionalization, as well as the
devolution process, where the student accepts responsibility for the learning situation.
Furthermore, Reis and Allevato (2015) argue that the milieu must be designed to

promote autonomous interaction and cognitive equilibrium, through assimilation and
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accommodation, enabling students to reflect on their own practices while navigating
established rules and constraints.

Furthermore, for Brousseau (2008), a didactic situation is the entire context that
surrounds the student, including the teacher and the educational system, and can be
considered as a model of interaction between a subject and a given environment.
Furthermore, it argues that every situation encompasses a material environment (the
pieces of a game, a problem situation, among others) and its rules of interaction, but
only the functioning and real development of this situation can produce a teaching
effect. Therefore, it is essential to include the study of the evolution of the situation,
since learning is achieved through the adaptation of the subject, who assimilates the
environment created by this situation, with or without the teacher's intervention
throughout the process.

In addition, Figure 4 shows the student's interaction with the environment
(milieu) in a didactic situation, that is, the one planned by the teacher (Brousseau,
2008).

Figure 4

Scheme of a didactic relationship

DIDACTIC ACTION

——
TEACHER — m
INFORMATION

DIDACTIC SITUATION
(AS A TOOL)

TO KNOW

Note. Adapted from Brousseau (2008, p. 54).

However, according to Teixeira and Passos (2013), in the progression of learning
there are some variables over which the teacher does not exercise any control and
others, which are reasonably controllable by didactic action. In this way, the teacher
does not have direct control of the variables that will affect the situation. We can then
call the set of these variables an adidactic situation.

To Almouloud (2014), didactic situations are an essential part of didactic
situations, in which the intention to teach is not revealed to the student, but was

imagined, planned and constructed (in the case of this work, through the pedagogical
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game) to provide favorable conditions in the appropriation of new knowledge
(probability).

Still supported by Almouloud (2007) and aware that every didactic situation is
characterized by the student's interactions with the problems posed by the teacher, the
digital game “Probability in Action” was chosen as a way for students to solve problems
(proposed on the game cards), leading them to act, speak, reflect and evolve on their
own.

To Brousseau (1986), a typology of teaching situations was developed consisting
of four phases to analyze the main specific learning activities: action; formulation;
validation; and institutionalization.

According to the TDS, knowledge construction stems from practical and reflective
activities that foster direct engagement between the student and the subject matter
(Barbosa, 2016). Within this framework, the evaluation of a digital game must examine
the balance between didactic situations (focused on teacher mediation) and adidactic
situations, wherein the student acts autonomously to solve problems (Bonfim &
Andrade, 2024). Consequently, the effectiveness of the technological tool lies in its
ability to promote both student agency and the pedagogical scaffolding required for
cognitive development.

In these terms, in the didactic situation constructed for the research, the feedback
phase occurred when the 29 students were presented with problem situations involving
the concept of a certain random event through the digital game “Probability in Action”.
The action, formulation and validation phases occurred when students played and
solved questions (problem situations) involving the concept of a certain random event.

The analysis of the transcribed protocols follows the vertical perspective of the
TSD. Rather than a mere thematic categorization, the students' verbalizations were
treated as indicators of the didactic dialectics.

In the Action phase, transcriptions were examined for 'implicit models' where
speech justifies physical or digital interaction with the game. During the Formulation
phase, the criteria for analysis focus on the transformation of these actions into explicit
language (signs and representations), where students negotiate strategies with peers.

Finally, the Validation phase is scrutinized through the lens of 'rhetorical-
mathematical proof’; here, the analysis identifies how students move beyond trial-and-
error to construct logical arguments to justify their probabilistic choices. This structured
observation allows for the identification of a didactic contract being renegotiated as the

'Question cards' trigger new cognitive imbalances.
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Survey participants

Participating in the face-to-face activity, in the classroom, were 29 students from
two classes in the fifth year of elementary school at a school in the city of Barueri, Sao
Paulo, Brasil, 19 students from class A and 10 students from class B. Furthermore, to
preserve the identity of the participants when presenting the results and their analyses,
code names were created. Thus, the students participating in the research were
identified as follows: 1) letter G (Group) followed by the identification number of the
group that participated (1 to 11); 2) capital letter A and number (student
identification); 3) lowercase letter (a or b), identification of your class.

Thus, Table 2 presents the identification of the students, as well as the gender
(male or female) they identify with.

Table 2

Identification of students participating in the research and the composition of the

groups during the digital game activity "Probability in Action"

Group | Group composition | Gender
G1 Aa3 Male
Aa4d Male
G2 Aa8 Female
Aal8 Female
G3 Aal6 Female
Aal9 Female
Aa2 Male
G4 Aal5 Male
Aal Male
G5 Aab5 Female
Aab Female
Aa9 Female
G6 Aal2 Male
Aal0 Female
G7 Aall Female
Aal3 Male
Aa7 Female
G8 Aal4 Female
Aal7 Female
Ab20 Female
G9 Ab21 Male
Ab25 Male
Ab24 Male
G10 Ab27 Male
Ab28 Female
Ab26 Male
G11 Ab29 Male
Ab22 Female
G12 Ab23 Female

Note. Prepared by the authors.
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Assessment of the appropriation of the concept of a certain event by fifth-
year elementary school students through the digital game “Probability in
Action”

The activities applied were designed in such a way that they constituted an
engaging process for students to construct, modify, enrich and diversify their knowledge
schemes.

Furthermore, students should have active participation in the search for
knowledge, interacting with each other, with the teacher and with knowledge.
Therefore, we sought to encourage dialogue between participants, leading them to
reflect and discuss the paths to be followed in the search for a solution to a given
problem.

Furthermore, the students were asked to explain knowledge and compare their
point of view with that of other colleagues. This action aimed to promote a favorable
situation for participants to help each other, in order to overcome difficulties
encountered or mistakes made while carrying out an activity or solving a problem. In
this process, when the error was identified, it was considered a valuable source of
information and whenever necessary, researchers intervened.

It is noteworthy that the didactic situations were represented by the intentional
proposal offered by the researchers to the students, that is, the environment created
through the game (milieu), including the “"Question” cards pre-selected for carrying out
the registration activity, post-game, as well as the didactic contract established with
the students, that is, the way in which the proposal was developed.

The adidactic situations were constituted by the "movement” of the students
during the course of the proposal, that is, in the interactions between the group
members when acting, formulating and validating their ideas, based on their own
knowledge or the exchange with their colleagues during the process of intervention. In
this sense, the digital game “Probability in Action” was presented to students as a
motivating and introductory instrument for the concepts of probability.

It is noteworthy that, according to the teacher's intention, the game can be
worked on in different ways in the classroom, that is, as an instrument to introduce
probabilistic concepts and/or to reinforce them, both in a playful way. It must also be
considered that the playful nature of the game is an essential aspect, differing, for
example, from a list of exercises or problem situations displayed on the blackboard or

in books, as it brings with it the “"motivation” element.
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Thus, among the various possibilities for using the game in the classroom, the
teacher can:

1) Make use of the game itself, observing students as they play to probe their prior
knowledge, their difficulties, the language they use and their understanding of
the probabilistic terms indicated on the cards;

2) Use the game cards in subsequent activities, for example, in experimental
activities.

It is worth remembering that the digital game “Probability in Action” is made up
of 89 “"Question” type cards which cover the objects of knowledge and respective skills
associated with probabilistic concepts that must be worked on from the 1st to the 5th
year of Elementary School in Brasil and described in the BNCC (Ministry of Education,
2018). In this way, when playing, children had access to several probabilistic concepts.

It is important to highlight that the students did not receive formal instructions
during the school year on probabilistic concepts and that the class teacher followed and
participated in the entire process of implementing the activities, together with the

researchers.

Description of the planning of the didactic activity through the application of
the game and post-game activity

For the analysis, students' responses were considered while playing and records
of discussions generated after playing, based on the problem proposed in one of the
“Question” cards of the digital game that was made available to students, involving the

concept of a certain random event.

Taking MOOC (2020) it is expressed that random events are considered subsets
of a sample space, with an event being considered a possible result of an experiment.
It can still be considered that the probability of the certain event (which represents the
entire sample space = S) is one or P(S) = 1, considering that for any event A it is true
that: 0 < P (4) < 1. Therefore, considering the scheme (Figure 5), P(S) = 1 is associated
with certain events, that is, this event will always happen. It is composed of all the
elements of the sample space that we call S, that is, it covers all possible results of a

random experiment, being the opposite of the impossible event — P (&).
Figure 5

Scheme indicating random events
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Note. Adapted from MOOC (2020, p. 81).

According to Meyer (2000), an event A (relative to a particular sample space S,
associated with a random experiment) is simply a set of possible outcomes. In set
terminology, an event is a subset of a sample space S. Considering our previous
exposition, this means that S itself constitutes an event, called certain. Table 3 presents

the organization of the applied activity that will be analyzed in this study.

Table 3

Didactic description of the activity applied through the game "Probability in Action”

Activity Time Location to be Grouping
held
3 classes of 50 Classroom In groups (classroom and library)
minutes
Objectives Knowledge objects

v Introduce the game, interface and rules to

explore and gain gaming experience. v" Notion of chance.
v' Create a environment (milieu) favorable to v° Analysis of chances of random

interaction, reflection and discussion of events.

ideas.
v' Help children develop a probabilistic Skills

language. v Classify events involving

v' Analyze whether game problem situations
can be considered as devices that, linked to
the milieu, lead the student to reflect on

chance, such as it will
definitely happen”, “it might
happen” and “it is impossible to

probabilistic  concepts, favoring the happen” in everyday
formulation and validation of their situations.
hypotheses. _ v Identify, among  random
v' Provoke reflections in students about everyday events, those that
probabilistic concepts, so that they begin to have a greater chance of
realize that probability is a measure of the occurring, recognizing
chance ~ of  something  happening characteristics of more likely
(Bargagliotti et al, 2020). results, without using fractions.

Didactic-mathematical analysis
Discuss the arguments brought by students based on the interpretation of the problem
situation contained in the game card, making use of probabilistic knowledge.
Description
According to Silveira et al., (2012), educational digital games are those designed to bring
students fun, motivation and a greater chance of learning the content. In this sense,
Macedo et al. (2005) argue that games, with an educational bias, must be aligned with
the context of the school environment and the content that will be taught. Thus, because
the game provides several possibilities for work in the classroom, we analyzed the
students' records in relation to one of the game cards that was given to them after
playing, added to some data that were collected while the students played.
Application Phases
1) Introduce the game to students and let them play for approximately 15 minutes;
2) Distribute the pre-selected card to the groups.
Materials
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v’ 2 computers with the game installed;
v Record sheets.

Note. Prepared by the authors.

Starting from the activity presented in Table 3, the application of the research
activities took place in two parts during: 1) the game “Probability and Action”; 2) the
development of a recording activity based on a problem proposed by one of the

“Question” cards in the game.

“Probability in Action” gaming activity

Initially, the playing activity would take place online in the school auditorium, as
it had a better internet connection. However, due to connection problems, we had to
make use of one of the benefits of the Construct 3 platform, which is installing the
game on the computer and playing offline. In this context, the school library space was
chosen to carry out the playing activity, being a cozier and more structured place to

develop group activities.

With the game installed on two notebooks, the activity of playing games in
sessions was developed, with an average of 6 students per session. We started by
introducing the game to the students, to learn about its rules and interface. Next,
students were asked to form two groups (pairs/threesome), one group per computer,

to start the games. Each session lasted an average of 20 minutes.

This organization took place because it was considered that it would provide
favorable conditions for the exchange of ideas, reflections and discussions about the

probabilistic concepts that would be developed throughout the game.

While playing (Figure 6), it was possible to notice the students' engagement in
the game, seeking through dialogue to resolve the various problem situations that arose

throughout the board's journey.

Figure 6
Students playing the digital game “Probability in Action”
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Note. Photos taken during the activity.

Analyzing post-game activity

After playing, it was time for the students to carry out the post-game activity,
that is, to record the solution established for the problem presented in the card pre-
selected by the researchers, involving the concept of a certain random event (Figure
7).

Figure 7

Students solving the problem situation on the pre-selected "Question” card

Note. Photos taken during the activity.

Analyzing students' responses according to Theory of Didactic Situations -
TDS based on post-game activities: the concept of certain random event

For the post-game activity, all groups received a “Question” card from the game,
pre-selected by the researchers, and a sheet to record their answers/justifications to
the problem situation contained in a card that focused on concepts of certain events.

Regarding the cards that came out while the students played, these covered
several probabilistic concepts (from the 1st to the 5th year of elementary school). In
this way, starting from the selection of one of the concepts worked on during the game,
only the cards that involved the concept of a certain random event were analyzed.

In this context, analyzes relating to the activities developed through the

“Question” cards used during the game “Probability in Action” will be initially
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considered, followed by the post-game activity, starting from the groups involved and

previously described in table 2 of this article.

Analysis of a problem situation with a card selected during the game

In the case of the analyzes presented here, the starting point is dialogues and
discussions captured through recorded audio, referring to problem situations involving
the concept of a certain random event, while the students played “Probability in Action”.
Among the groups presented in table 2 of this text, we sought to capture knowledge
related to the concept of a certain random event.

In the case of groups G7 and G12, during the game, at separate moments, they
resolved the problem situation presented in Figure 9 (“Question” card 12, randomly
selected during the game) and which involved the concept of a certain random event.

It is understood that the validation phase has been reached.

Figure 9
"Question” card selected randomly during the game addressing the concept of a

certain random event

| ‘/\ The balls below are in an opaque box. When

P8 drawing one of the nine balls, which outcome
is certain?

L A white ball or a
L] black ball comes out

A gray ball comes out

\
Note. Prepared by the authors.

It is worth indicating, through Figure 10, the representation of the sample space,
associated with the random experiment “Selecting a ball from an opaque box” and

which will be used to conduct the analyzes through group discussions and responses.

Figure 10
Representation of the sample space associated with the random experiment “"Selecting
a ball from an opaque box” in the Figure presented in Card “"Question” 12
Sample Space = S = {#;9;9;0;0. 0. 0.0, )
Note. Prepared by the authors.
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In the context of an Action Situation, the G12 group responded immediately.
Reading the letter mobilized the students' prior knowledge, prompting a high-energy
response. Interaction with the material object (Letter 12) was sufficient to trigger the
resolution process.

Thus, after student Ab22 read the problem situation described in the “"Question”
Card 12, aloud, a short dialogue took place (our translation into English) and is reported

below:

Student (female) Ab23: A black ball comes out...

Student (female) Ab22: A white and black ball comes out.

Student (female): Ab23: Either black (correcting her friend), white or black.
Researchers: And why a white or a black one?

Students (female) Ab22 and Ab23 (respond together): Because there are only
white and black!

Students Ab22 and Ab23 collectively validated their response, stating: "Because
there are only white and black [balls/marbles]!" They utilized the Sample Space (Figure
10) as evidence that the union of the events "drawing a white" or "drawing a black"
exhausts all possibilities.

The group's (double) conclusion converges to an intuitive perception of the
representation of the sample space, associated with the figure presented in the
“Question” card 12. This presented white and black balls, thus, the answer to the
question was the item that corresponded to the event {a white ball or a black ball
coming out}, that is, the sample space itself or the certain random event that is
configured as all possible elements (white or black balls).

Considering the G7 group (formed by a threesome- two students and one male
student), more dialogues and discussions were observed, leading to the need for further
analysis. Thus, after student Aall read the Card (Figure 9) aloud to her classmates,

they initially responded as follows (our translation into English):

Student (Female) Aal0: Three...I think it's three.
Student (Male gender) Aal3: Ahhh, it’s eight.

Within Group G7, the initial action situation triggers a conflict. Students Aa10 and
Aal3 propose diverging responses based on distinct sensory perceptions: while one

focuses on the correct answer, the other relies on the majority count of black balls.
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Validation occurs through a process of logical elimination of alternatives representing
impossible events (non-existent colors).

Analyzing these responses in the group discussion process, student AaloO,
responding “I think there are three” indicated that “A white ball or a black ball will come
out”, that is, the expected answer to the problem, as it is configured as a certain event
(the sample space itself).

Students begin to formulate hypotheses to eliminate options. The statement by
Aal3 — 'The red one will not be correct, because it does not exist' — demonstrates the
formulation of an exclusion-by-negation model (identifying the impossible event to
deduce the certain event).

After this first moment, there was a space of silence. Thus, the
teacher/researcher intervened, reinforcing what the problem requested: “You're asking
what is certain?”

Based on this question, the other member of the group confirmed:

Student (Female) Aall: That's right.

After this intervention, the students' discussion followed in the search for
consensus on the answer to the proposed problem. It is noteworthy that the
researchers only observed the students' responses and positioning.

The group discussion process continues:

Student (Female) Aal0: A white or a black ball comes out.

Student (Female) Aall: But this game is about color, it can be like... oh I don't
know why I'm asking.

Student (Male gender) Aal3: The red one won't be certain, because there isn't
one.

Student (Female) Aall: Not even gray because there is no gray.

Student (Female) Aall: A white ball or a black ball come out.

Based on the group's dialogue (translated by us into English), we can see the
movement of students' thinking in the action, formulation and validation phases.
Student Aal0, after the researcher's intervention, confirmed her initial hypothesis "I
think it's three” by explicitly reaffirming her option “A white ball or a black ball will come

out”.
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Student Aall countered the answer given by her colleague Aal10, demonstrating
that it was still not clear what was being asked, when she said: “"But this game is about
color, it could be like... oh I don't know why I'm asking”.

Next, student Aal3 began his reflections starting from reading and understanding
the options established by the problem situation, that is, starting from his analysis:
“The red one won't be certain, because there isn’t one”, this option would be discarded
as it indicated an impossible event.

After this initiative, student Aal1l reorganized her thinking and resumed speaking,
continuing her colleague's reasoning and carrying out her analysis for the other option,
that is: "Not even gray because there is no gray”, which is also configured as an event
impossible.

Thus, eliminating the two options that were considered impossible events, he
reached a conclusion, the solution to the problem is “"A white ball or a black ball will
come out”.

This interactive and reflective environment, provided by the game, favored
dialogue, the exchange of ideas and the reformulation of thinking, leading the group to
a convincing and valid justification. It should also be noted that the researcher's
intervention in the process was important to redirect the focus of the discussion.

To reinforce the process of analysis and appropriation of probabilistic knowledge
observed during the execution of the digital game “Probability in Action”, dialogues
referring to the G10 group (formed by a threesome - two students (male) and one
student - female) are also presented, starting from a problem situation reported on the

“Question” card 14 (Figure 11), selected randomly during the game.

Figure 11

"Question” card 14, randomly selected during the game, addressing the concept of a

certain random event

By spinning the roulette wheel below
once, it can be said to be certain:

Leave the yellow Leave a primary
color color

None of the
alternatives

\
Note. Prepared by the authors.
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It is worth indicating here, through Figure 12, the representation of the sample
space, associated with the random experiment “Spin the roulette wheel once and
observe the selected color” and which will be used to understand and analyze the

group's discussions and responses.

Figure 12

Representation of the sample space associated with the random experiment “"Spin the
roulette wheel once and observe the selected color” in the Figure presented in Card

"Question” 14

-3 N\
Sample Space =S = { ;Q; ¥} = {primary colors}
Note. Prepared by the authors.

As soon as the card was selected during the game, the students in the G10 group
began discussions in search of the solution. Below are fragments of the group's speech
and further intervention by the teacher/researcher to conduct the process of
apprehension of probabilistic knowledge:

Student (male) Ab24: By spinning the roulette wheel below you can say that it is
certain...(silence)
Observing a space of silence, the teacher/researcher intervened, suggesting that

the group start with the options indicated in the problem proposed in the search for a
solution:

Researcher: What are the options? Read all options first.
Student Ab24 read the options aloud and student Ab27 (male), still not

understanding what was being proposed, seems to have “guessed” an answer, “A yellow
color comes out”:

Student Ab24: Leave the yellow color, none of the alternatives, leave a primary
color.

Student Ab27: A yellow color comes out.

Thus, realizing the group's difficulty, the teacher/researcher intervened again:

Researcher: The question was, “"What?”, guys?
Student Ab28 (female) read the problem and reinforced that the problem

indicated what was certain:

Student Ab28: Certain.
Observing that the group still had difficulties, the teacher sought to direct the

students' reasoning towards solving the problem:

Researcher: A yellow color comes out, a red color comes out, a primary color
comes out.
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Based on the options indicated by the teacher/researcher, student Ab28 indicated
the solution to the problem was “Exit a primary color”:

Student Ab28: A primary color.
Aiming to reinforce the answer indicated by student Ab28, the teacher/researcher

intervened again:

Researcher: Why is it a primary color?
Student Ab28 responds that the colors (yellow, red and blue), all on the roulette

wheel, are primary:

Student Ab28: Because all colors are primary.
To confirm the answer, one last question was asked by the teacher/researcher:

Researcher: Where were all the colors?
Finally, student Ab28 confirms that the primary colors are those seen on the

roulette wheel:
Student Ab28: At roulette.

Student Ab28 validates the answer by linking the concept of "primary colors" to
the full set of the roulette wheel: "Because all the colors are primary."

Through this dialogue it is clear that, initially, the idea of quantifying probabilities
arises when student Ab27 says: “a yellow color comes out”. In fact, the color yellow is
present on the roulette wheel and occupies half of the roulette wheel, while the other
two colors together occupy the other half. However, it cannot be guaranteed that the
yellow color will come out, being a possible event, but not certain.

The formulation process presents greater complexity. Student Ab27 'guesses' a
color (yellow), indicating that their mental model remains anchored in frequentist
probability (based on the largest area of the roulette wheel) rather than the concept of
a certain event.

In order to provoke further reflection, the researcher asks what the question was
and lists the answer options again. After this mediation, student Ab28 answers “A
primary color” and then, when the researcher asked “why?”, the student justified her
answer “because all colors are primary”, showing that she understood what the problem
situation actually required, that is, which of the colors would come out for sure and not
which one was more likely to come out. After the G10 group searched for a solution to
the problem and intervention by the teacher/researcher, the answer was found.

The results demonstrate that the game functioned as an effective didactic
medium. The transition from 'intuitive knowledge' (relying on color perception) to

'scientific knowledge' (understanding the certain event as the sample space S itself)
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was mediated by social interactions and the requirement to justify choices within the

constraints of the problem-situation.

Analysis of post-game activity

“Question” card number 16 was given to the students to carry out the post-game
activity (Figure 13). Through this problem situation, the student had to reflect on the
problem in question and based on observation of the sample space, determine which
of the listed options would be associated with the certain random event.

In other words, it was necessary to reflect under what circumstances an event is
considered certain and, based on analysis of the conditions and context of each event,
identify among the options listed which event will always occur.

In the specific case of this problem, the description of the event that is considered
certain is {Get a doll}, as all the toys contained in the figure presented in “"Question”

card 16 (sample space) are dolls.

Figure 13

"Question” card selected from the game “Probability in Action” for post-game activity

addressing the concept of a certain random event

l ‘f“ When you pick up one of the toys below,
N you can say that it is certain:

o

R

Get a Barbie doll Get a rag doll

Get a doll

\
Note. Prepared by the authors).

The responses of the twelve groups were organized in Table 4, starting from them,

the analyses.

Table 4

Student responses regarding “"Question” Card number 16

Group ips e
Group composition Gender Response Justification
Aa3 Male Because they are all
G1 Aa4 Female Get a doll dolls.
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Aa8 Female All in the image are

G2 Aal8 Female Get a doll dolls

Aal6 Female Because they are all
G3 Aal9 Female Get a doll doIIs.y
G4 Aa2 Male Is it certain to pick up Because they are all

Aal5 Male a doll dolls.

Aal Male
G5 Aa5 Female Get a doll They are all dolls

Aab Female

Aa9 Female . Well, there are two
G6 Aal2 Male Get a plastic doll plastic dolls

Aal0 Female Because there are only
G7 Aall Female Get a doll dolls

Aal3 Male

Aa7 Female Because they are all
G8 Aal4d Female Get a doll dolls

Aal7 Female )

Ab20 Female Because they are all
G9 Ab21 Male Get a doll dolls

Ab25 Male )

Ab24 Male Because she's more
G10 Ab27 Male Get a Barbie doll attractive

Ab28 Female

Ab26 Male Get a doll because the
G11 Ab29 Male Get a doll are all dolls

Ab22 Female Because they are all
G12 Ab23 Female Get a doll doIIs.y

Note. Prepared by the authors.

The Dialectics of Formulation is manifested in the justifications presented in Table
4. When students state, 'Because they are all dolls,' they are transforming an implicit
recognition schema into an explicit linguistic model. In doing so, they communicate the
common characteristic that defines the certain event.

Based on the students' responses (Table 4), it was possible to see that, of the
twelve groups that carried out the activity, ten of them demonstrated that they
understood the concept of a certain random event, these being: G1, G2, G3, G4, G5,
G7,G8, G9, G11 and G12. Thus, in response to the problem situation indicated in Figure
8 (card 16), these groups responded that it was certain to “"Take a doll”, effectively the
option that indicated the description of a certain event.

Furthermore, although the groups did not explain the representation of the
sample space in their justifications (Figure 14), they converged on an intuitive thinking
about this important concept, as they indicated that it was: 1) “"Because they are all
dolls”; 2) “"Because there are only dolls”; 3) “Take 1 doll because they are all dolls”,

among others.

Figure 14
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Representation of the sample space associated with the random experiment “"Select a

toy among those indicated in the Figure of "Question” Card 16”

\..

by

i'.. ¢ "

Y o
W 4 W\ a2
y!& W
e L] ¥ L] & L] el ]
I T - !

Sample Space =S = { ;

Note. Prepared by the authors.

The dialectic of action occurs when students interact directly with the milieu (Card
16). The problem necessitates decision-making (selecting an option). In this context,
action is not merely physical but cognitive: it involves observing the sample space (the
doll images) to identify regularities.

Card 16 functions as the antagonistic milieu. Had the milieu been ambiguous
(e.g., if there were a hidden cart), the students' strategy would have failed. The visual
clarity of the dolls enabled the milieu to provide the requisite feedback for response
correction.

Starting from these discussions and observing the moments in which students
talked and exchanged ideas with each other, it was possible to perceive moments of
action, formulation and validation. It is considered that the first two phases (action and
formulation) suffered the effects of the validation phase, as the students used their
knowledge to initially respond to the problem situation (configuring itself as an action),
then seeking to formulate a justification for the indicated answer (formulation),
followed by a justification that not only explained the answer, but was also convincing
to validate that answer (validation).

In this way, it is considered that, amid these dialectics, these groups
demonstrated an understanding of the concept of a certain random event, reaching the
concept validation phase.

It is still essential to discuss the responses of the G6 and G10 groups, which
presented problems in identifying the response that would be considered a certain
random event.

In the case of group G6, the indicated answer “Get a plastic doll” is not one of the
three options presented in card 16 (Figure 13), indicating problems regarding the
reading of the problem situation and the options that were configured as:

1) Event A = {Getting a Barbie doll}, which is configured as a possible random

event, since in the sample space associated with the random experiment there

are two Barbie dolls;
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2) Event B = {Getting a rag doll}, which is also configured as a possible random
event, since in the sample space associated with the random experiment there
is an indication of a rag doll;

3) Event C = {Getting a doll}, which is configured as the sample space itself and
consequently as a certain random event;

It can also be indicated that the G6 group may have confused the shape of the
dolls presented in the figures on card 16, that is, whether they are made of “Plastic” or
“Cloth”. By answering “Pick up a plastic doll” and justifying it by “Yes, there are two
plastic dolls”, the students quantified the event, first grouping the dolls by the type of
material they considered to be made, and then, after analyzing the grouping, they
inferred that plastic dolls are more likely to come off because there are more of them
than others made from other materials. However, it deviates from the proposal of the
problem situation that asks to identify a certain event.

Differently from the G6 group, the G10 group solved the problem situation by
answering “Get a Barbie doll” justifying “"Because she is more eye-catching”. Based on
this response, there is an indication of a possible event and not a certain event.

By responding 'Because it is more attractive," Group G10 departs from the
mathematical domain and enters the realm of personal preference. In this instance, the
Didactic Contract failed: the students did not adhere to the mathematical 'rules of the
game' (probability), but rather operated under a subjective, everyday logic.

Theory of Didactical Situations (TDS) allows for an analysis of the errors made by
groups G6 and G10 not as mere lapses in attention, but as integral components of
knowledge transition. In the case of group G6, they established a distinct category
("plastic") that was not originally present among the problem's variables; thus, they
acted upon a "milieu" they had modified themselves. Regarding group G10, the results
reflect the use of intuitive thinking: the student does not perceive probability as a
mathematical ratio, but rather as a subjective preference or belief.

It is clear that the response of these two groups, although they did not classify
the event as certain, reflects the need to work with different experiments so that
students can differentiate and classify events, starting from the sample space, and
determining the subsets of this set and indicating whether they are impossible, possible
or certain.

Therefore, this situation is in line with what Batista (2016) brought as a result of
his research, that is, that students in this age group focus on the intuitive meaning of

probability, bringing to light a natural language, based on beliefs and opinions.
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This report demonstrates that the activity functioned as a 'Validation Situation’,
wherein the success of the learning process was evidenced by the ability of most groups

to link the observation of the sample space to the property of certainty.

Final considerations

The present investigation leads to the conclusion that the integration of digital
games into the teaching of Probability for early childhood education transcends mere
entertainment, establishing itself as a robust didactic strategy for constructing complex
mathematical concepts. The results evidenced that children’s initial reasoning is
anchored in intuitive meanings and natural language, based on beliefs and opinions
(Batista, 2016), but gradually evolves toward the mobilization of higher-order cognitive
skills (Bryant & Nunes, 2012).

The use of the digital game "Probabilidade em Acgao" [Probability in Action] acted
as a decisive auxiliary instrument, functioning as an effective milieu in which knowledge
emerged from the students' need for action, formulation, and validation. The ludic
nature of the game kept students in an active and inquisitive state, while the "Question"
cards fostered cooperative exchange, dialogue, and reflection.

It was observed that the problem-solving situations within the game allowed for
the expansion of conceptual understanding beyond certain or "safe" events, connecting
them to notions of sample space, and possible and impossible events.

Through the lens of the Theory of Didactic Situations (TDS), the analysis of
interactions was crucial in unveiling the reflective environment generated. TDS allowed
for the identification of interaction as the driving element in knowledge acquisition,
occurring intensively during activity resolution.

In this context, the identification of errors and the confrontation of impasses
proved valuable: for the teacher, they served as a compass for pedagogical
improvement; for the student, they constituted a source of learning that required the
reformulation of thought for the validation of knowledge.

It is imperative to highlight that the isolated use of technological artifacts does
not guarantee learning. As cautioned by Moura (1992) and Grando (2004), and
corroborated by the analysis of the G10 group, the researchers' mediation was
fundamental during moments of uncertainty to direct the learning process.

The autonomy demonstrated by students in post-game activities reinforces that
pedagogical intentionality in planning is what enables the transition from intuitive

knowledge to established scientific knowledge.
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The research confirmed the theses of Prieto et al. (2005) and Savi and Ulbricht
(2008) regarding the balance between the ludic and the pedagogical, while also
validating the perspective of Fernandes and Silveira (2019) concerning the intrinsic
sociability of games.

Aligned with the Base Nacional Comum Curricular — BNCC [National Common
Curricular Base] (Ministry of Education, 2018), this investigation demonstrates that
children aged approximately 10 possess cognitive structures capable of dealing with
randomness and determinism, provided they are immersed in problem-based,

technologically versatile (Farias et al., 2024), and pedagogically mediated contexts.
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