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Abstract 

This article aims to analyze strategies for developing statistical literacy 

using manipulative and technological materials, based on questioning the 

world approach in the initial training of elementary school teachers. The 

theoretical framework is the Anthropological Theory of Didactics, and we 

also consider the guidelines of the National Common Core Curriculum. To 

achieve this goal, we produced a workshop for thirty students in the 

Integrated Bachelor’s Program in Science, Mathematics and Language at a 
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Brazilian Federal University. The results indicate a promising possibility of 

developing and integrating approaches related to the construction of 

cognitive and dispositional elements inherent to statistical literacy. Overall, 

we produced seven projects in distinct workshops with varied themes, in 

addition to fostering a mindset of critical questioning the world and the 

proposal of answers regarding the content and its social relevance. The 

workshops, which utilized teaching materials, a whiteboard and Excel 

software, provided students with the opportunity to translate problem 

situations expressed in natural language into statistical language. These 

materials facilitated the organization of data and the presentation and 

analysis of results necessary to inform Decision-making, enabling students 

to develop their knowledge-building process by aligning their lived 

experience with statistical education. Therefore, we expect that future 

teachers will gain autonomy to design teaching situations that position 

students as protagonists in the construction of their own knowledge. 

Keywords: Statistical education, Anthropological theory of didactics, 

Data analysis, Questioning the world. 

Resumen 

Este artículo tiene como objetivo analizar estrategias para el desarrollo de 

la alfabetización estadística mediante materiales manipulables y 

tecnológicos, basados en el cuestionamiento del mundo en la formación 

inicial de docentes de Educación Básica. Su marco teórico es la Teoría 

Antropológica de lo Didáctico y también considera las directrices de la Base 

Nacional Común Curricular. Para lograr este objetivo, se realizó un taller 

para treinta estudiantes de la carrera integrada de Ciencias, Matemáticas y 

Lenguaje en una universidad federal brasileña. Los resultados apuntan a la 

prometedora posibilidad de desarrollar y agregar praxeologías relacionadas 

con la construcción de elementos cognitivos y disposicionales inherentes a 

la Alfabetización Estadística. En total, se realizaron siete producciones en 

talleres distintos con diferentes temáticas, además de fomentar un 

cuestionamiento crítico del mundo y proponer respuestas al contenido a 
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trabajar y su relevancia social. Los talleres, que utilizaron materiales 

didácticos, una pizarra y el software Excel, permitieron a los estudiantes 

convertir situaciones problemáticas expresadas en lenguaje natural a 

lenguaje estadístico. Estos materiales facilitaron la organización de datos, 

la presentación y el análisis de resultados necesarios para la toma de 

decisiones, permitiendo a los estudiantes desarrollarse en el proceso de 

construcción de conocimiento, alineando su experiencia con los 

conocimientos de la Educación Estadística. Por lo tanto, se espera que los 

futuros docentes adquieran la autonomía necesaria para crear situaciones 

de enseñanza que posicionen al estudiante como protagonista en la 

construcción de su propio conocimiento. 

Palabras clave: Educación estadística, Teoría antropológica de lo 

didáctico, Análisis de datos, Cuestionamiento del mundo. 

Résumé 

Cet article vise à analyser des stratégies de développement de la culture 

statistique à l'aide de matériel pédagogique et technologique, en s'appuyant 

sur une réflexion critique sur le monde dans le cadre de la formation initiale 

des enseignants du primaire et du secondaire. Son cadre théorique repose 

sur la Théorie Anthropologique du Didactique, et il prend également en 

compte les orientations du Cadre Curriculaire National Commun. Pour 

atteindre cet objectif, un atelier a été organisé auprès de trente étudiants 

du cursus intégré Sciences, Mathématiques et Langues d'une université 

fédérale brésilienne. Les résultats mettent en évidence le potentiel 

prometteur du développement et de l'intégration de pratiques liées à la 

construction des éléments cognitifs et dispositionnels inhérents à la culture 

statistique. Au total, sept productions ont été réalisées lors d'ateliers 

distincts, abordant différents thèmes. Ces ateliers ont non seulement 

favorisé une réflexion critique sur le monde, mais ont également proposé 

des réponses aux contenus abordés et à leur pertinence sociale. L'utilisation 

de matériel didactique, d'un tableau blanc interactif et du logiciel Excel a 

permis aux étudiants de traduire des problèmes formulés en langage 
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courant en langage statistique. Ces ressources ont facilité l'organisation, la 

présentation et l'analyse des données nécessaires à la prise de décision, 

permettant ainsi aux élèves de progresser dans la construction de leurs 

connaissances et d'articuler leur expérience vécue avec les savoirs de 

l'enseignement statistique. Dès lors, on s'attend à ce que les futurs 

enseignants acquièrent l'autonomie nécessaire pour créer des situations 

d'apprentissage qui placent l'élève au cœur de la construction de ses 

propres connaissances.  

Mots-clés : Éducation statistique, Théorie anthropologique du 

didactique, Analyse des données, Questionnement du monde. 

Resumo 

O artigo objetiva analisar estratégias para o desenvolvimento do letramento 

estatístico com uso dos materiais manipuláveis e tecnológicos, a partir do 

questionamento do mundo na formação inicial de professores da Educação 

Básica. Seu marco teórico é a Teoria Antropológica do Didático, e considera, 

ainda, as diretrizes da Base Nacional Comum Curricular. Para alcançar tal 

objetivo foi realizada uma oficina para trinta estudantes da Licenciatura 

Integrada em Ciências, Matemática e Linguagem de uma universidade 

federal brasileira. Os resultados apontam para a promissora possibilidade 

de elaborar e agregar praxeologias relativas à construção de elementos 

cognitivos e deposicionais inerentes ao Letramento Estatístico. Ao todo, 

foram sete produções em oficinas distintas com temas diferenciados, além 

de despertar uma postura de questionamento crítico de mundo e proposição 

de respostas diante do conteúdo a ser trabalhado e sua relevância social. 

As oficinas com uso dos materiais didáticos, Quadrográfico e o software 

Excel, oportunizaram aos discentes converter situações problemas 

expressos em linguagem natural para linguagem estatística. Esses 

materiais facilitaram a organização dos dados, apresentação análise dos 

resultados necessários para subsidiar a tomada de decisão, possibilitando 

aos discentes o desenvolvimento no processo de construção do 

conhecimento, alinhando o saber da sua vivência ao saber da Educação 
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Estatística. Diante disso, espera-se que os futuros professores adquiram 

autonomia para elaborar situações de ensino, que posicione o aluno como 

protagonista na construção de seu conhecimento. 

Palavras-chave: Educação estatística, Teoria antropológica do 

didático, Análise de dados, Questionamento do mundo. 
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Statistical literacy with the use of didactic materials: from 

manipulated to technological, through a questioning of the world 

Introduction 

Statistical Education seeks to understand how statistics are taught 

and learned. This field encompasses the cognitive and affective aspects of 

teaching and learning, as well as the epistemology of statistical concepts 

and the development of teaching methods and materials, with the aim of 

advancing statistical literacy. 

In Brazilian education, the study of statistical concepts starting in the 

early grades is recommended since the National Curriculum parameters 

(PCN) (Brazil, 1997). Following extensive curriculum reform, prompted by 

the publication of the last version of the National Common Core Curriculum 

(Brazil, 2018), mathematical content was organized into five thematic units 

in Basic Education, namely: Numbers, Algebra, Geometry, Quantities and 

Measurement, and Probability and Statistics. According to the BNCC (Brazil, 

2018): 

All citizens need to develop the skills to collect, organize, represent, 

interpret, and analyze data in a variety of contexts, so that they can 

make well-informed judgments and take appropriate decisions. This 

includes reasoning and using concepts, presentations, and statistical 

measures to describe, explain and predict phenomena. (Brazil, 2018, 

p. 274). 

The BNCC (Brazil, 2018) highlights the need for statistical knowledge 

in the education of Citizens; in this Regard, teachers must be prepared to 

contribute to the effective development of thinking, reasoning, and literacy 

in the field of probability and statistics (which encompasses statistical, 

probabilistic, and combinatorial knowledge, skills and competencies). Thus, 

it is necessary to provide students with challenging and motivating 

situations. 

According to Teixeira et al. (2022, p. 118): 
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The Evolution of this way of teaching (and, consequently, this way of 

thinking and acting) is a dialectical process of questioning the world. 

For this reason, in Didactics, the old paradigm of ‘question the world, 

which overlaps the previous paradigm and complements it. It does 

not eliminate it but rather develops and expands it. The sites do not 

disappear, ‘there would be no didactic paradigm if there were nothing 

to be learned’. 

According to the authors, the curriculum is not organized around 

doctrines and systems, but rather around questions posed by students and 

the teacher, who investigate them together. 

For Chevallard (2009), a paradigm shift is needed in the classroom; 

in his view, students must move away from the passive role of merely 

viewing artworks and begin to question the world around them. One way to 

do this is through the Study and Research Pathway—PEP (Matos et al., 

2018; Freitas & Almouloud, 2023), a didactic process that begins with a 

generative question, from which a variety of derived questions emerge. 

Answers can be sought in various media, aiming to develop the initial 

question, without losing sight of the process’s focus, which is to find an 

answer A at the heart of a didactic system—composed of teachers, learners, 

and works.  

From this perspective, to enhance statistical literacy by enabling pre-

service teachers to develop critical pedagogical practices (Ody et al., 2021), 

we sought to identify potential contributions of using manipulative and 

technological teaching materials, from a questioning of the world 

perspective, to promote statistical literacy among elementary school 

teachers. 

In this context, we aim to analyze strategies for developing statistical 

literacy using manipulative and technological materials, based on a 

questioning of the world in the initial training of elementary and secondary 

school teachers, through the analysis of workshop sessions from the 

perspective of the Anthropological Theory of Didactics (TAD) (Chevallard, 

2009). 
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Statistical Competencies 

According to Perrenoud (2000), we use competencies to determine 

the pedagogical meanings of thinking, reasoning, and literacy. For this 

author, competency is the ability to mobilize a set of cognitive resources 

(knowledge, skills, information, etc.) to solve a range of situations 

appropriately and effectively. To develop competencies, it is essential to 

work through problems and projects, propose complex tasks and 

challenges that encourage students to mobilize their knowledge and, to 

some extent, expand upon it. 

Rumsey (2002, p. 2) identifies five main components inherent to 

statistical competence: 

1. Data knowledge; 2. Understanding of certain basic statistical 

concepts and terminology; 3. Knowledge of data collection and the 

generation of descriptive statistics; 4. Basic interpretive skills to 

describe what the results mean in the context of the problem; 5. Basic 

communication skills to explain the results to others. 

According to Campos et al. (2011, p. 17): 

Statistical literacy can be viewed as the understanding and 

interpretation of presented statistical information; statistical 

reasoning represents the ability to work with the tools and concepts 

learned; and statistical thinking leads to a comprehensive 

understanding of the scope of the problem, enabling students to 

spontaneously question the reality they observe through the lens of 

statistics. 

Thus, we present the capabilities associated with each competence, which 

will serve as the basis for the possible findings of this article (Table 1): 

Table 1 

The three models of Statistics competences 

THINKING 

Wild & Pffankuh (1999) 

REASONING 

Garfield & Gal (1999) 

LITERACY 

Gal (2012) 
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Recognizing the need for 

data; 

Transcoding; 

Considering variation; 

Reasoning with statistical 

models; 

Contextual integration with 

statistics. 

Reasoning about data; 

Reasoning about data 

representations; 

Reasoning about statistical 

measures; 

Reasoning about 

uncertainty; 

Reasoning about samples; 

Reasoning about 

associations. 

Understand why data is 

needed and how it can be 

collected; 

Be familiar with basic 

concepts and ideas 

related to descriptive 

statistics; 

Be familiar with graphical 

and tabular displays and 

how to interpret them; 

Understand basic 

concepts of probability; 

Understand how 

statistical conclusions or 

inferences are drawn. 

 

In this following section, we describe the competencies listed in Table 1.  

Statistical Thinking 

In the context of statistical thinking, one should seek to understand 

statistical concepts within a context that is meaningful to the student, 

using real data collected by the students themselves. To develop this type 

of thinking, students must undergo an internal shift in their ways of 

thinking, moving away from a deterministic view of the world and adopting 

a perspective in which probabilistic ideas are central and indispensable 

(Campos et al., 2011). In this study, we adopted the five types of thinking 

that Pfannkuch & Wild (2004) consider fundamental to the development of 

statistical thinking: 

1. Recognizing the need for data: Many real-world situations cannot 

be properly assessed without obtaining and analyzing data that has been 

collected appropriately. Proper data collection is a basic requirement for 

making an accurate judgment about the actual situation. 

2. Transcoding: the process of changing representations to facilitate 

understanding of a problem. This type of thinking occurs when (i) 

measures are identified that describe the qualities or characteristics of a 

real-world situation; (ii) by changing the representation, raw data is 

transformed into graphs and tables; and (iii) meanings and judgments 
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are communicated in a way that allows others to understand them 

correctly. 

3. Considering variation: observing the variation in data in a real-

world situation to inform the strategies used to analyze them. This 

includes making decisions aimed at reducing variability, such as whether 

to ignore outliers, controlling sources of variation, and correcting 

potential measurement errors. 

4.  Reasoning with statistical models: an understanding of the 

overall behavior of the data, gained through time series analysis, 

regression, or simply by analyzing a graph representing the actual data. 

5.  Contextual integration of statistics: identified as a fundamental 

element of statistical thinking. Results must be analyzed within the 

context of the problem and are validated based on knowledge related to 

that context. 

Statistical Reasoning 

Garfield (2002) states that statistical reasoning is the way in which a 

person reasons and makes sense of statistical information. This involves 

making interpretations based on datasets, representations, or statistical 

summaries of the data in the form of graphs, tables, etc. In many cases, 

statistical reasoning involves concepts of variability, distribution, chance, 

uncertainty, randomness, probability, sampling, and hypothesis testing, 

which lead to interpretations and inferences about the results. For Garfield, 

statistical reasoning also means extending a statistical process and being 

able to explain it, as well as fully interpreting the results of a problem based 

on real data (Garfield, 2002). However, Lopes believes that: 

Thinking statistically means understanding and being able to explain 

statistical processes and fully interpreting their results, which refers 

to statistical thinking, a process that requires an understanding of why 

and how statistical investigations are conducted. This includes 

recognizing and understanding the entire research process, from the 

formulation of the research question, through the selection of 
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instruments for data collection, to the process of interpretation and 

analysis (Lopes, 2012, p. 168). 

For Moore (1992), statistical reasoning is distinct from mathematical 

reasoning. The author emphasizes that statistics has its own substance, its 

own concepts, and modes of reasoning, which should form the core of 

statistics instruction for beginners at any level. But for many mathematics 

teachers who teach statistics, mathematical and statistical reasoning are 

similar. This view is, however, inadequate, as Garfield and Gal highlight: 

In statistical reasoning, data are viewed as numbers within a context 

that informs the procedures and serves as the basis for interpreting 

the results; the indeterminacy or ambiguity of the data distinguishes 

statistical research from a more precise and finite mathematical 

inquiry; mathematical concepts and procedures are used in part to 

solve statistical problems, but these are not limited by them; the 

fundamental aspect of statistical problems is that, by their nature, 

they do not have a single solution and cannot be evaluated as 

entirely wrong or right; rather, they should be assessed based on 

the quality of the reasoning and the appropriateness of the methods 

used to the nature of the existing data (Garfield & Gal, 1997, p. 42). 

To the authors, statistical problems have a fundamental 

characteristic: they typically do not have a single mathematical solution. 

Garfield & Gal (1997) explain that statistical problems begin with a question 

and end with an opinion, which is expected to be grounded in certain 

theoretical concepts and practical results. The judgments and conjectures 

expressed by students cannot be characterized as right or wrong; instead, 

they are analyzed in terms of the quality of their reasoning, the 

appropriateness, and the methods employed to support the evidence. 

Garfield & Gal (1997) identify the following specific types of reasoning 

that students should develop as they learn statistics: 

1. Reasoning data: recognizing and categorizing data (qualitative, 

discrete quantitative, or continuous), understanding how each type of 

variable leads to a particular type of table, graph, or statistical measure. 

2. Reasoning data representation: understand how to read and 
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interpret graphs, and how each type of graph is appropriate for representing 

a dataset; recognize the typical characteristics of a distribution from a graph 

by observing its shape, center, and variability. 

3. Reasoning statistical measures: understand what measures of 

central tendency and variability tell us about a dataset, which measures are 

most appropriate in each case, and how they represent that dataset. Use 

measures of central tendency and variability to compare different 

distributions and understand that large samples are better than small ones 

for making predictions. 

4. Reasoning uncertainty: understand and use the concepts of 

chance, randomness, probability, and similarity to make judgments about 

events; use appropriate methods to determine the similarity of different 

events (such as coin toss simulations or tree diagrams, which help interpret 

different situations). 

5. Reasoning samples: understand how samples relate to the 

population and what can be inferred from them, as well as recognize that 

large, well-selected samples (in terms of randomness) will better represent 

the population. Exercising caution when drawing conclusions about the 

population based on small samples. 

6. Reasoning relationships: the ability to assess and interpret 

relationships between variables in two-way tables or graphs, as well as 

understanding that a strong correlation between two variables does not 

necessarily imply a cause-and-effect relationship between them. 

Campos et al. (2011) note that, just as it is necessary to implement 

measures to foster statistical reasoning, it is also necessary to establish 

effective ways to assess this development in students. 

Statistical literacy 

Statistics are part of every citizen’s daily life. Understanding it can 

help us make more informed choices, since every day we are exposed to 

news filled with statistical information, such as advertisements, political 

campaigns, and surveys. The concept of statistical literacy first emerged in 
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academic circles in 1993, in an article published by Katherine K. Wallman4. 

According to Wallman, statistical literacy refers to the ability to understand 

and critically evaluate the data present in our lives; additionally, the author 

indicate that this ability should be aligned with the contributions that 

statistical thinking can bring to decision-making on public or private 

matters, whether in a personal or professional context. 

DelMas (2002) emphasizes that statistical literacy can be viewed as 

the understanding and interpretation of presented statistical information; 

statistical reasoning represents the ability to work with the tools and 

concepts learned; and statistical thinking leads to a comprehensive 

understanding of the scope of the problem, enabling students to 

spontaneously question the observed reality. 

Gal (2002) defines statistical literacy as follows: 

(a) the ability of individuals to interpret and critically evaluate 

statistical information, data-related arguments, or stochastic 
phenomena that they may encounter in various contexts, and, when 

relevant, (b) their ability to discuss or communicate their reactions to 
such statistical information, such as their understanding of the 

information’s meaning, their opinions regarding the implications of 
this information, or their concerns regarding the acceptability of 

certain conclusions (p. 2) [...] It is also necessary to demonstrate 

‘familiarity with basic terms and concepts related to graphical and 

tabular representations’ (p. 10). 

Gal (2002, p. 10) further elaborates on the requirements necessary 

for promoting such literacy: 

1. Understand why data is needed and how it can be collected; 2. Be 

familiar with basic concepts and ideas related to descriptive statistics; 
3. Be familiar with graphical and tabular representations and how to 

interpret them; 4. Understand basic concepts of probability; 5. Know 

how statistical conclusions or inferences are drawn. 

As stated by Gal (2002, 2004, 2021), to be statistically literate, 

citizens must possess the skills and knowledge to interpret and use 

statistical data critically and effectively, based on six principles: 

 
4 https://www.tandfonline.com/doi/pdf/10.1080/01621459.1993.10594283  

https://www.tandfonline.com/doi/pdf/10.1080/01621459.1993.10594283
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1. Data is everywhere: one must recognize that data is generated 

everywhere and in many different formats. 

2. Data is imperfect: it is important to recognize that it is not always 

accurate or complete. It is prescient to assess the quality of the data 

before using it to make decisions.  

3. Statistics is a powerful tool: it is important to recognize the value of 

statistics as a tool for understanding patterns and making informed 

decisions.  

4. Statistics can be poorly used: one must recognize that statistics can be 

misleading to manipulate and persuade.  

5. Statistics is more than just mathematics: while mathematics is an 

essential tool, statistics is an independent field and not merely applied 

mathematics; it is important to understand the social, political, and 

economic implications of data.  

6. People can become statistically literate: it should be recognized that 

people can develop the skills to understand and interpret statistical data, 

and opportunities should be provided for the development of these skills. 

Figure 1 

Statistic literacy model 

 

Note. Adapted from Gal (2002, p. 4). 

According to Batanero (2007), Gal’s (2002) effort to propose this 

model (Figure 1) is an important initiative that complements Wild & 

Pfannkuch’s (1999) model of statistical thinking, which focuses on statistical 

activity, while Gal’s (2002) model attempts to explain statistical capacity 

(or ability) in interpretive terms within the context of 
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reading/writing/producing/interpreting text. As suggested by Watson 

(1997), once we accept that statistical thinking is an important part of 

statistical education, it is necessary to describe the associated competencies 

and their levels of complexity. 

Thus, DelMas (2002) emphasizes that statistical literacy can be 

viewed as the understanding and interpretation of presented statistical 

information, statistical reasoning represents the ability to work with the 

learned tools and concepts, and statistical thinking leads to a 

comprehensive understanding of the problem’s scope, enabling students to 

spontaneously question the observed reality through statistics. 

Figure 2 

Reasoning and thinking as part of literacy 

 

Note. Adapted from DelMas (2002, p. 4). 

For DelMas (2002), statistical literacy is a broad-based competency 

that encompasses thinking and reasoning. A statistically literate citizen 

possesses well-developed thinking and reasoning skills (Figure 2). This 

interpretation is more comprehensive and more difficult to achieve, as it 

requires considerable experience in the field. 

Figure 2 illustrates a relationship of partial interdependence among 

the competencies. DelMas (2002) recognizes each competence as 

independent of the others, while acknowledging that there are partial 

overlaps between two domains and a partial overlap among all three 

competencies (Figure 3). It is possible to develop a competence partially on 
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its own, but there are activities that emphasize all three capabilities 

simultaneously. 

Figure 3 

Image depicting statistical literacy, reasoning, and thinking as intersecting 

concepts. 

 

Note. Adapted from DelMas (2002, p. 4). 

Campos et al. (2011) recognize the intersection among the three 

competencies, in which one of the domains is predominant. According to 

DelMas (2002), it cannot be assumed that statistical literacy, reasoning, 

and thinking can be developed if they are not explicitly addressed. Then, 

teachers must develop strategies aimed at developing these competencies. 

Teaching Materials (TM) 

In classroom mathematical investigations, the teacher acts as a 

facilitator, and students engage in interaction, reasoning, and the 

presentation of ideas, thereby enhancing their autonomy and active 

participation. The use of firsthand teaching materials becomes essential. 

Lorenzato (2006) asserts that the use of these materials contributes to 

students’ active learning, in addition to aiding the transition from concrete 

to abstract learning. 

TM as a classroom teaching resource is recommended as a practical 

experiment, typically implemented in teaching through the dynamics 

of educational workshops. [...] the workshop is “a way of constructing 

knowledge, with an emphasis on action, without losing sight, 

however, of the theoretical foundation” and presents as the 
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workshop’s objectives “the articulation of concepts, assumptions, and 

notions with concrete actions experienced by the participant or 

learner, and the experience and execution of tasks as a team, i.e., 

the collective appropriation or construction of knowledge” (Paviani & 

Fontana, 2009, p. 78, emphasis added). 

We also define the manipulative and technological teaching materials 

used in the classroom as “any tool useful to the teaching and learning 

processes” (Lorenzato, 2006, p. 18). This definition includes materials such 

as chalk, calculators, games, posters, notebooks, pens, etc. Among this 

variety of materials, the author highlights, in particular, manipulative 

teaching materials (TM), which can have two interpretations: “one refers to 

the tangible, manipulative, and the other, in a broader sense, also includes 

graphic images” (Lorenzato, 2006, pp. 22–23), such as the Abacus, 

Cuisenaire Rods, the Geoboard, the Golden Beads, Geometric Solids, and 

the Tangram. 

The author classifies these types of materials into two categories: 

static and dynamic. Static manipulatives are those that cannot be altered 

in shape; among these, some require less student involvement, while others 

require more, such as Tangram and golden beads. Those that can undergo 

structural changes are dynamic manipulatives, such as those found in 

dynamic geometry software or cut-and-paste activities. 

Lorenzato (2006) identifies seven fundamental skills for student 

learning, to be developed through the manipulation of materials in the 

school setting during mathematics classes: i) expanding mathematical 

language; ii) problem-solving strategies; iii) developing mental estimation 

and calculation skills; iv) scientific inquiry methods; v) fostering 

concentration, perseverance, reasoning, and creativity; vi) exchanging 

ideas; vii) fostering understanding of rules. 

We emphasize that expanding the language of statistics in the 

classroom contributes to a better exploration of communication, in which 

students acquire the ability to communicate statistically, for example. We 
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propose that the skills cited by Lorenzato (2006) are relevant to the 

development of statistical literacy. To this end, we analyze and identify the 

skills students develop when constructing graphs. The project used 

manipulative and technological teaching materials in order to offer future 

teachers and students’ alternative approaches to teaching and learning 

statistical concepts. In this study, we utilized the following teaching 

materials in our activities: quadrograph, Excel, and PowerPoint software, 

which are described in more detail below. 

From Site visiting to Questioning the World 

To promote the development of statistical literacy using manipulative 

and technological teaching materials, we used one of the principles of the 

Anthropological Theory of Didactics (ATD), in which Chevallard (2009) 

reflects on the paradigm shift from site visits to questioning the world. 

Chevallard & Strømskag (2022) raise the following question: under 

what conditions is a transition from the site visit paradigm to a paradigm of 

questioning the world, both locally and globally, is possible? To answer this 

question, Chevallard & Strømskag (2022) emphasize that it is necessary, 

first, to specify the meaning of the expressions “site visit paradigms,” which 

they call paradigm (1), and “questioning of the world paradigm,” referred 

to as paradigm (2), as this will immediately give us an idea of the profound 

transformations implied in the shift from paradigm 1 to paradigm 2.  

According to these authors: 

A paradigm can be defined as a framework that governs a particular 

type of human activity. We can thus speak of an artistic paradigm, a 

scientific paradigm, a sports paradigm, and, of course, an educational 

or pedagogical paradigm (Chevallard & Strømskag, 2022, p. 01). 

Chevallard & Strømskag (2022) emphasize the need to clarify the 

meaning we attribute to the word “contract”. It is a set of clauses that 

specify what the activity governed by the contract consists of, what its 

purpose is, and what means are authorized for that activity, and 
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consequently, what cannot be done without “breaching the contract.” 

However, the authors caution that some “terms” of a contract are not 

usually stated. 

However, as Jean-Jacques Rousseau observed in Le Contrat Social 

(1762/2008, p. 9), “although they may never have been formally declared,” 

these clauses are “tacitly accepted and recognized everywhere”. For school 

paradigms, in turn, the terms of the educational activity are declared: “its 

purpose and what means are permitted for this activity and, consequently, 

what cannot be done without breaching the contract.” 

Chevallard (2009) refers to the classical didactic teaching paradigm 

as “monumentalization” or the “site-visiting paradigm,” in which, for 

example, the study of statistical concepts is conceived as a monument 

(something to be visited and admired), with the student’s role being that of 

a spectator. One example is a lesson that leads students to learn a list of 

topics (found in the table of contents of textbooks); in class, teachers guide 

this process (presenting the material and working through examples), and 

at the end, a particular topic is considered to have been mastered if 

students are able to recall information about it without being able to explain 

why they studied it. 

The paradigm of the site visiting is into question because, according 

to Chevallard (2009), each piece of knowledge is treated as a monument 

that stands out on its own. As examples, we can cite some concepts from 

Statistics: mean, median, mode, standard deviation, variance, mean 

deviation, normal distribution, etc., which are treated in traditional teaching 

as monuments that stand out on their own, and students are expected to 

appreciate them without delving into the rationale behind the knowledge or 

the reason for its existence.  The evolution of this approach to teaching, 

and, consequently, this way of thinking and acting, is a dialectical process 

of questioning the world that should replace the current paradigm of site 

visits. Chevallard & Strømskag exemplifies (2020, p. 4): 
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A researcher wishes to conduct a study to defend a doctoral 

dissertation. The thesis is specific to this paradigm. The researcher 

must demonstrate that there is an important problem to be solved 

and aims, through the research, to answer a specific question. Along 

the way, many works are consulted, but in the end, the evaluation 

focuses on whether the doctoral candidate was able to answer the 

initial question, not on whether they can reproduce the consulted 

works. The process is valid when the answer can be found. 

According to Chevallard (2009), didactics is a vital aspect of human 

society. A person does something, or expresses the intention to do, so that 

someone else can study or learn. The didactic system consists of the S (X, 

Y, O) triad, in which: 

• X represents students, or anyone who wants to learn; Y 

represents the study advisor, or someone who helps X to learn. 

• O is the object of study, which in mathematics education refers 

to the object of study related to mathematics. In some cases, in the 

educational system Y=∅, it is not always necessary to have a study 

guide for X to learn (Gonzalos et al., 2018, p. 224). 

Chevallard (2012) highlights the importance of teachers seeking out 

S (X, Y, O) teaching systems, which enable students to question, speculate, 

and study, based on what the author calls the “Questioning the World” 

paradigm: so that students have room for questioning and adopt receptive 

attitudes toward the issues to be studied, focusing on the possibility of 

constructing or reconstructing knowledge with the help of Y, since X is not 

required to know about something they have never seen before. 

Santos & Freitas (2017, p. 8) indicate that the goal is “for future 

citizens to become herbartian5 beings,” referring to a receptive attitude 

toward unanswered questions and unsolved problems so that students may 

adopt the behaviors of scientists through a long process of study and 

research, from which both X (the student) and Y (the study advisor) learn. 

 
5 Called the Herbartian scheme by the German pedagogue Johann Friedrich Herbart (1776-

1841), considered the father of scientific pedagogy. 
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Based on this paradigm, Chevallard (2009) proposes a set of 

pedagogical tools aimed at putting its theoretical assumptions into practice, 

notably the Teaching and Research Activity (TRA) and the Teaching and 

Research Pathway (TRP). From this same perspective, authors such as 

Bosch & Gascón (2010), as well as Sousa et al. (2024), argue that 

Mathematical Practice Workshops are tools capable of enabling the 

functioning of an AEP or a PEP by fostering the integration of teaching, 

research, and the problematization of knowledge. 

Methodological Procedures 

This qualitative study was conducted with thirty students enrolled in 

the Integrated Bachelor’s Degree Program in Science, Mathematics, and 

Language6 at a federal university in northern Brazil.  

We conceived the workshops as teaching tools involving coordinated 

stages of planning and execution. We emphasize that, initially, the students 

were given the opportunity to practice planning a workshop by reading 

supporting texts to aid data collection, organization, and analysis, as well 

as in representing the data using manipulative teaching materials and 

sharing the research results. 

In a second phase, working in groups, the students organized and 

planned the workshops themselves, including the selection of the theme, 

the development of a research form, the collection, organization, and data 

analysis, the representation of findings using manipulative teaching 

materials, and the submission of a partial workshop plan. 

To present the data, we used the quadrográfico model (graphic 

organizer) (Figure 4), a collaborative development within a research group 

coordinated by the authors of this article. 

 
6 This is a course for training teachers who will work in the early years of schooling, whose 

curriculum is organized by themes, rather than the classic organization by subjects. 
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Figure 4 

Quadrográfico Manipulative Teaching Materials 

 

We also use computer software as a teaching tool for data analysis 

(Figure 5): 

Figure 5 

Technological Teaching Materials 

 

In addition to the quadrograph and technological equipment, other 

materials used included: whiteboard markers, rulers, A4 paper, colored 

pens, pencils, whiteboard erasers, and Excel software. Data was presented 

using manipulative and technological teaching materials, and the research 

results were shared with the class. Classes took place on Fridays, from 2:00 

p.m. to 5:00 p.m., in a classroom and in a mathematics teaching lab. The 

class was supervised by the lead teacher and divided into seven groups. We 

employed the research inquiry cycle (Wild & Pfannkuch, 1999) and the 

statistical competencies we used as a basis for analysis. 

The investigative cycle is one of the dimensions of statistical thinking, 

consisting of five components: problem definition or selecting a real-world 

problem; planning or data management; problem investigation or data 

collection; data analysis or exploratory analysis; and conclusions or critical 
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analysis of solutions and conclusions. These stages align with the guidelines 

outlined in the ATD for school practices grounded in questioning the world. 

Campos et al. (2011, p. 59) emphasize that: 

Future teachers must understand that statistical thinking means 

seeking to understand statistical concepts in a context that is 

meaningful to students, using real data and overall, data they have 

collected themselves. And to develop this kind of thinking, students 

must undergo an internal shift in their ways of thinking, moving away 

from a deterministic view of the world and adopting a perspective in 

which probabilistic ideas are central and indispensable. 

To develop these activities, we process data through critical thinking, 

reasoning, and statistical literacy, integrating our exploration of the world 

into the various stages of the workshops. 

Results and Discussion 

In this section, we will present the results of the classes held with 

students in the undergraduate teacher-training program for early childhood 

education, divided into two phases: 

First phase: Planning Meeting for the Workshops 

During the workshop planning session, the students participated in a 

research activity on Artificial Intelligence led by the academic advisors (the 

class instructor and their assistant). We began with the question: What do 

you know about statistics? Some students replied that they had been 

exposed to statistics in high school, but only superficially. Others stated that 

they began studying statistics in college, more specifically during a 

workshop titled “Notions of Statistics in Initial Teacher Education.” 

Once this assessment was complete, the students conducted a 

research task involving the collection and organization of data, followed by 

the construction and analysis of graphs and tables, with the aim of 

promoting the development of statistical literacy (Figure 6). The 

intervention took place over two classes, divided into three stages: 
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1. Read the supporting text on the proposed topic: “The Future of 

Customer Service: Will Humans Be Replaced by AI?” Access link:  

https://www.dnkinfotelecom.com.br/futuro-do-atendimento-ao-cliente-

humanos-serao-substituidos-pela-ia/ 

Figure 6 

Students reading the text 

 

After reading the text, students were asked to answer two questions 

for data collection: Q0: Based on the text and your knowledge of the 

subject, please answer: Have you ever received service facilitated by 

artificial intelligence? If so, please give examples. Was the service 

satisfactory? At the end of the survey, students were tasked with presenting 

the solution they had found. In the next section, we will discuss our results. 

2. Collect, organize, and analyze the data based on the guiding 

question for the proposed topic; the class was divided into seven groups. 

3. Representing the data using manipulative materials: Figure 7 

shows the students constructing, organizing, and representing the collected 

data using manipulative materials. 

https://www.dnkinfotelecom.com.br/futuro-do-atendimento-ao-cliente-humanos-serao-substituidos-pela-ia/
https://www.dnkinfotelecom.com.br/futuro-do-atendimento-ao-cliente-humanos-serao-substituidos-pela-ia/
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Figure 7 

Students organizing the data. 

 

The Quadrográfico helped students expand their mastery of statistical 

language, contributing to the improvement of statistical literacy regarding 

the organization of collected data and its representation in charts, tables, 

and graphs, both in written records and in manipulative materials. 

Considering the competencies of statistical education — statistical 

thinking, reasoning, and literacy — it is observed that, in the process of 

developing an understanding of data, the group employed procedures for 

categorizing and identifying variables, recognizing that each type of variable 

requires specific forms of graphical representation. This understanding 

highlights the connection between the nature of the data and 

representational choices, a central element for the consolidation of 

statistical reasoning. 

During the research, the students utilized the investigative cycle. In 

developing their reasoning regarding data representation, we observed that 

the groups created graphs using manipulatives teaching materials (Figure 

8) to visualize the results of their research, with these graphs corresponding 

to the type of variable being studied. At this point, the students presented 

their ideas using statistical data and their graphical representations. 

According to Garfield & Gal (1997), it is essential to understand how to read 

and interpret graphs, make appropriate choices to represent a dataset, and 

recognize the typical characteristics of a distribution through the graph, 

observing its shape, center, and variability. 
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Figure 8 

Students presenting the results of their research on types of Artificial 

Intelligence 

 

When presenting their data visualizations, the students explained the 

types of Artificial Intelligence they used and how satisfied they were with 

the performance of certain apps and websites. In doing so, the groups 

demonstrated their ability to discuss and question facts related to the reality 

they analyzed. 

Next, we will present the groups’ discussions and questions regarding 

the applications most frequently used by the students, classifying them as 

more satisfactory and less satisfactory (Figure 9): 

1. Aplicativos que os alunos consideraram como os mais 

satisfatórios na sua utilização:  

Figure 9 

A student's response 
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GPS, ROTAS, Alexa, Google Assistant, Chaton, and Google were the 

apps that best met the students’ expectations, as they reported that these 

apps provide immediate responses (Figure 10). 

Figure 10 

Figures of the apps that satisfy customers 

 

 

https://map-navigation-gps 
 

https://rotasbrasil.com.br/  

 

https://indianexpress.com 

 
https://olhardigital.com.br  

https://chaton.softonic.com.br/android 

 
https://www.google.com  

2. Apps that students rated as the least satisfactory to use (Figures 

11): 

Figure 11 

Answers provided by two students 

 

https://map-navigation-gps/
https://rotasbrasil.com.br/
https://indianexpress.com/
https://olhardigital.com.br/
https://chaton.softonic.com.br/android
https://www.google.com/
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Students rated telephone operator and call center apps (Figure 12) 

as the least satisfactory, because, according to them, in telephone operator 

apps, calls are frequently interrupted several times before being transferred 

to an agent, which causes frustration and often leads customers to visit a 

physical store to resolve the issue. 

Figure 12 

Figures of the apps that least satisfy customers. 

 

https://www.minhaoperadora.com.br 

 

https://erictel.com.br 

Regarding statistical thinking, the group recognized the need to 

collect data in order to identify which applications each member uses and 

which were satisfactory and unsatisfactory; in other words, the proper 

collection of data was a basic requirement for the group to make an accurate 

assessment of the situation. Pfannkuch & Wild (2004) assert that many 

real-world situations cannot be examined without the collection and analysis 

of appropriately gathered data. It is through the process of planning and 

conducting statistical research that students gain a comprehensive 

understanding of how to construct a consistent argument based on scientific 

evidence. 

The transcoding occurs when raw data is converted into graphical 

representations that enable students to better understand the data. 

Pfannkuch & Wild (2004) emphasize that representational formats provide 

avenues for communicating statistical information. Changing the type of 

format highlights certain aspects of this information at the expense of 

others. The choice of representation form implies an understanding of what 

https://www.minhaoperadora.com.br/
https://erictel.com.br/
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one wishes to convey. A change in representation can indicate bad faith and 

an attempt to manipulate data and control the formation of public opinion. 

The choice of representation in communicating statistical information goes 

beyond strict technical aspects, also involving intentionality and ethical 

considerations. 

Statistical reasoning can be applied through the analysis of graphs 

presenting real data. In the contextual integration of statistics7, the gata 

were analyzed according to the context of the problem and the most used 

types of applications. The groups also noted that Artificial Intelligence has 

certain applications, such as scheduling appointments at clinics, where it 

already has ready-made, predefined responses; if asked other questions, 

the app does not know how to answer. 

In response to the guiding question presented in the text “The future 

of customer service: will humans be replaced by AI?”, regarding the 

possibility to replacement in the job market, the students answered that, 

although there is significant progress in this technology, one should not 

become a hostage to it, but rather use it strategically and in a way that 

benefits social activities. 

All the analyses and questions raised by the groups were only possible 

because they were able to question the world using real data (Chevallard & 

Strømskag, 2022). Furthermore, according to Gal (2002), the development 

of Statistical Literacy requires working with real data, and based on the 

results of this data, one must have critical thinking and questioning 

attitudes, which are related to decision-making based on the outcome of a 

statistical analysis. 

 
7 Contextual integration of statistics: this is identified as a fundamental element of 

statistical thinking. Results need to be analyzed within the context of the problem and 

validated according to knowledge related to that context (Pfannkuch & Wild, 2004). 
 



 

30                                                            Educ. Matem. Pesq., São Paulo, v. 28, p. 01-52, 2026, e72682 

The first phase consisted of a rehearsal focused on planning the 

workshop. The second phase presented the development of the activities, 

as well as the results and discussions. 

Second phase: Organizing the research and planning the 

workshops. 

At this point, the students had the opportunity to experience all stages 

of the investigative process, culminating in the development of workshop 

plans based on the selected research topic, in accordance with the 

assumptions of Garfield & Gal (1997, p. 3). 

The students should understand the nature and processes involved in 

a statistical investigation and the considerations that affect the design 

of a data collection plan. They should recognize how, when, and why 

existing statistical tools can be used to aid a research process. They 

should be familiar with the specific phases of a statistical survey. 

These phases include (no necessarily in linear order): formulating a 

question; planning the study (e.g. approach and general design, 

sampling, choice of measurement tools); collecting and organizing 

data; displaying, exploring, and analyzing data; interpreting results 

in light of the research questions; discussing conclusions and 

implications of the results; and identifying questions for further study. 

This process was divided into four stages, conducted over four weekly 

classes. 

First stage: Choosing a relevant topic to enhance the development of 

statistical literacy. Students worked with argumentative texts 

contextualized in their sociocultural and regional reality, which, through 

statistical analysis, enabled the basis for their decision-making. 

According to Campos et al. (2024, p. 55) 

[...] It is not possible to treat Statistics separately from societal issues 
and lived reality, thus contributing to the formation of questioning 

individuals who know how to statistically interpret the world around 
them, as well as write about it statistically based on awareness of a 

given situation, derived from research conducted by the students 

themselves and discussed with their peers and the teacher. 
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In the first stage, seven supporting texts were used, with themes 

relevant to the reality experienced by the research participants. The texts 

were chosen by them, who formulated questions for data collection (Table 

2).  
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Table 2 

Titles of the supporting texts for the workshops. 

Groups Titles 

G1 
Anxiety, insomnia, stress, depression: study shows how health 

evolves during the pandemic. 

G2 
402 years of Belém: an X-ray of the challenges faced by the 

capital and Metropolitan Region. 

G3 
Brazilians spend 46 hours a month on social media, 31% more 

than in 2020. 

G4 Physical or digital books. 

G5 Açaí consumption among residents of Belém. 

G6 Difficulty traveling to and from UFPA. 

G7 Environment and improper disposal. 

 

In this paper we highlighted the results of the first (G1) and second 

(G2) groups because their themes cover global and regional (Belém, Pará 

state, Brazil) questions. 

Second stage: Development of a form using the online application 

Google Forms for the research since the questionnaire and the form are 

integral parts of the research. According to Bernardino (2024), “It is not 

possible to extract the correct information from respondents if you do not 

think about making a questionnaire for well-designed research; the 

research has no value unless the data collected is useful to the interviewer”. 

Third stage: Collection, organization, and data analysis, based on the 

guiding questions of the topic proposed by the students. 

Fourth stage: Data representation with teaching materials. In this 

stage, research results were presented using manipulative and 

technological teaching materials. Students used the quadrográfico and 

GeoGebra software for organizing, analyzing, and representing the data 

(Figure 13). 
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Figure 13 

Students working with data in the software and manipulative material. 

 

Presentation of the research conducted by Group One (G1) 

Theme: Mental Health During the Covid-19 Pandemic. Text by 

Bernardes (2022).  

• Title: Anxiety, insomnia, stress, depression: study shows how mental 

health evolved during the pandemic; 

• Problem: Behavioral changes during isolation; 

• Objective: analyze human behavior during the pandemic; 

• Target audience: young people and adults. 

Access: https://jornal.usp.br/ciencias/ansiedade-insonia-estresse-

depressao-estudo-mostra-como-saude-mental-evoluiu-na-pandemia/  

• The research was obtained from a Longitudinal Study of Adult Health in 

São Paulo (Elsa-Brazil). 

• Research procedures: 

• Formulation of the questions (Table 3): Formulário sem título (respostas) 

- Google Sheets  

https://jornal.usp.br/ciencias/ansiedade-insonia-estresse-depressao-estudo-mostra-como-saude-mental-evoluiu-na-pandemia/
https://jornal.usp.br/ciencias/ansiedade-insonia-estresse-depressao-estudo-mostra-como-saude-mental-evoluiu-na-pandemia/
https://docs.google.com/spreadsheets/d/1Czp9vxxTjIZqtUb7FGizXHIVZO2nG_NaJUIlxiG65aI/edit?gid=1514300739#gid=1514300739
https://docs.google.com/spreadsheets/d/1Czp9vxxTjIZqtUb7FGizXHIVZO2nG_NaJUIlxiG65aI/edit?gid=1514300739#gid=1514300739
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Table 3 

Questions contained in the Google Form provided by G1. 

Nº Questions 

1 Sex 

2 Age 

3 Have you or someone you know experienced anxiety, insomnia, or 

stress during the pandemic? 

4 How did you cope with isolation during the pandemic? 

5 What habits have you changed since the pandemic? 

6 How has the COVID-19 pandemic impacted your life? 

 

Twenty-eight volunteers participated in the G1 group’s research, 

using an online questionnaire created in Google Forms by students of the 

Integrated Degree program (Table 3). Regarding the sociodemographic 

profile, there was a predominance of females (18 participants) compared to 

males (10 participants), and a 18-22 age range (50%), indicating a young 

audience. 

Regarding the impacts of the pandemic, the data reveals a high 

perception of psychosocial suffering, since 93% of participants stated that 

they knew someone who experienced anxiety, insomnia, or stress during 

the period. This result suggests a widespread dissemination of experiences 

related to emotional distress in the pandemic. 

Although 57% of the surveyed group stated that they had coped very 

well with social isolation, all participants (100%) acknowledged that 

problems such as increased stress and anxiety impacted their lives, 

highlighting tensions between self-perceived coping abilities and the 

concrete effects experienced. 

Furthermore, all participants reported significant changes in habitat 

in the post-pandemic period, notably greater attention to health, intensified 

hand hygiene, and increased use of alcohol for cleaning. These findings 
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indicate that the pandemic experience produced lasting effects on daily 

practices and the perception of self-care, configuring behavioral 

transformations widely shared by the investigated group. 

Below is an analysis of the results represented in the teaching 

materials: 

Group 1 presented the data according to the indications in Figure 14 

and 15. 

Figure 14 

Table and graph produced by G1 based on collected data.

 

Figure 15 

Presentation the G1 survey with the manipulative materials. 

 

The group demonstrated the ability to extract specific information 

from the table and to analyze the relationships established between the 

variables presented. From this analysis, they showed a broader 

understanding of the data presented, making comparisons of trends and 

identifying implicit relationships, especially regarding changes in the 

respondent’s habits in the post-pandemic period. 
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However, difficulties were observed in visualizing the distribution of 

values, indicating limitations in the interpretation of aspects related to 

variability and data organization. Even so, the participants were able to 

perform distinct levels of statistical analysis: reading the data, reading 

between the data, and reading beyond the data. By justifying the observed 

results based on the relationship between data and social context, the group 

adopted an investigative stance towards the information, approaching what 

Chevallard & Strømskag (2022) call the transition from the paradigm of site 

visiting to the paradigm of questioning the world. 

Regarding the graph interpretation, the group drew on prior 

knowledge and experience about the COVID-19 pandemic, articulating 

empirical data and social context to justify the observed results. In this 

sense, by using statistical data to understand the impacts of the pandemic 

on their own reality, the group not only examined statistical context but 

also used it as an instrument for analyzing the world. 

This approach also aligns with the concept of statistical literacy 

proposed by Gal (2002, p. 10), to which being statistically literate involves 

not only familiarity with terms and graphical and tabular representations, 

but also the ability to critically interpret statistical information in different 

contexts. 

Thus, the interpretation conducted by the students reveals a practice 

that articulates conceptual mastery and contextual analysis, configuring 

evidence of learning guided by questioning the world (Chevallard & 

Strømskag, 2022). 

Fifth stage: Delivery of the partial workshop plan. 

In this stage, the groups presented their final work for the workshop, 

maintaining the same theme investigated throughout the research, which 

was structured around questioning the world. 
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Figure 16 

Partial plan outline for the G1 workshop. 

 

Figure 16 presents the partial planning of one of the workshops, 

developed for later improvement and implementation in the Early Years of 

Elementary School I of Basic Education. 

Presentation of the research conducted by Group Two (G2): 

• Theme: 402 years of Belém: an X-ray of the challenges faced 
by the capital and Metropolitan Region”. Text by g1 (Pará8), published in 

12/01/2018.  
• Problem: The challenges of low quality of life in the Metropolitan 

Region of Belém compared to other regional capitals of Brazil; 
• Objective: To show what challenges are faced by residents of 

the Metropolitan Region of Belém in the year 2023 and the effect on their 
quality of life. 

• Target audience: Residents of the Metropolitan Region of Belém. 

The research started with a report published by the digital portal g1, 

Pará section, which addresses the challenges faced by Belém and its 

Metropolitan Region. Based on this material, the G2 group developed a 

questionnaire on the theme of Quality of Life in the Metropolitan Region of 

Belém (RMB), with the aim of establishing a comparison between the data 

presented in the report, published in 2018, and the panorama identified in 

2023, based on information collected by the group itself. 

 
8 G1 Pará is the digital news portal of Pará, managed by the television station Liberal (an 

affiliate of Rede Globo). 
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Figure 17 shows the data collection performed using Google Forms: 

Figure 17 

Photo of the Google Form developed by G2. 

 

 

Six questions on the chosen topic were formulated by G2 (Table 4). 

Table 4 

Questions contained in the Google Form provided by G1. 

Nº Questions 

1 Which neighborhood/city do you live in? 

2 Are there home visits by health agents in your area? 

3 Is trash collected in your neighborhood? If so, how many times a week? 

4 Do you have access to treated water at your home? 

5 
Is it common to see trash in the streets and open sewers in your 

neighborhood? 

6 Does your street or neighborhood often flood when it rains? 

7 
Does your neighborhood have access to quality healthcare and 

education? 

8 How would you rate public transportation in the RMB? 

9 What are the main improvements your neighborhood needs? 

10 
Does the population help preserve the environment by avoiding 

dumping debris in the vicinity of their neighborhood? If so, how? 

G2 Research Results 

The members of Group 2 presented the research results using 

PowerPoint presentations, systematizing the collected data and highlighting 

the main fundings. Below are some of the results analyzed by the students, 

organized according to the guiding questions of the research instrument: In 

which neighborhood/municipality do you live? Does your neighborhood have 

access to quality health and education services? What are the main 

improvements your neighborhood needs? 
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The answers to the first question were presented by G2 in the pie 

chart (Figure 18). 

Figure 18 

Graph related to the question: which neighborhood/municipality do you 

live in? 

 

 

The graphical representation of G2 was adequate for the type of data 

they obtained. Pie charts are generally used When the idea is to compare 

one piece of data with another and with the whole data. In the case of G2, 

they showed that the survey was answered by people residing in 5 (five) 

municipalities in the Pará state, and not 6 (six) municipalities as shown in 

the legend by G2, since the Icoaraci district belongs to the municipality of 

Belém. Another observation was that the source of the percentages is not 

visible, making it difficult to understand. Graphs facilitate data analysis, 

which are usually presented in tables when conducting statistical research, 

visually expressing data in different ways for better comprehension. 

- Does your neighborhood have access to quality healthcare and 

education? 

The results were presented both in manipulative materials (charts) 

and in presentation slides, with the support of a data projector. The 

percentage distribution of responses showed that 61.2% of participants 
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stated they had access to both health and education (A); 26.5% indicated 

they had no access to either of these services (N); 10.2% reported access 

only to education (E); and 2% indicated access exclusively to health (S) 

(Figure 19). 

Figure 19  

Graph related to the question: Does your neighborhood have access to 

quality health and education? 

 

In the quadrográfico, the group drew a pie chart, indicating the 

percentage corresponding to each response option, and added the general 

title of the research. However, they did not explicitly state in the chart what 

the presented data specifically referred to, i.e., the access to quality health 

and education, which partially compromises the informational clarity of the 

representation. 

We observe Furthermore, they needed it to standardize the decimal 

places in percentage results to ensure greater accuracy in statistical 

presentation and uniformity in data communication. 

In the column chart representation, the group could have assigned 

reference values (e.g. units, tens, or another defined scale) to the colored 

counts used to quantify the responses. The absence of this indication makes 

it difficult to accurately read the magnitudes presented. Explicitly stating 

these values would contribute to a clearer visualization, favoring the proper 
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interpretation of the results and strengthening the statistical literacy of 

those involved. 

The analysis of the results from the next question are presented in 

Figure 20. 

Figure 20  

Graph related to the question: What are the main improvements your 

neighborhood needs? 

 

The three main improvements that the participants highlighted that 

neighborhood most needed were: 

1. Public Lightning (32.9 %): This was the most significant demand 

mentioned by almost half of the responses. This suggests that the 

lack of inadequacy of lighting directly affects the perception of safety 

and the quality of life of residents. 

2. Paving and street condition (17.6%): The second biggest concern was 

related to street infrastructure, with many mentions of the need for 

paved streets without potholes. 

3. Basic Sanitation (water and sewage) (15.3%): The lack of access to 

treated water and problems with sewage was a fundamental concern 

for public health and hygiene in the neighborhood. 

According to the group members, the data analysis reveals that the 

neighborhood's needs are multifaceted, with demands related to basic 

Inadequate font size 
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infrastructure, especially public lighting, asphalt paving, and sanitation, 

standing out most frequently. These results indicate that these aspects are 

the most pressing priorities in the participants' perception. 

However, it is important that students also pay attention to other 

variables that, although they presented lower percentages, equally 

represent sensitive areas: public transport (14.1%), security (8.2%), health 

(5.9%) and urban infrastructure (5.9%). Although less significant in 

quantitative terms, these indicators comprise the set of dimensions that 

directly impact the quality of life of the population. 

The graph used constitutes a clear and objective form of visual 

representation, facilitating the reading and interpretation of the data. 

However, its analysis should go beyond identifying the highest percentages, 

also considering the less evident aspects, to promote a broader and more 

critical understanding of the reality investigated (Figure 21). 

 

Figure 21  

Graph related to the question: Does the population help preserve the 

environment by avoiding the dumping of debris in the vicinity of their 

neighborhood? 

 

 

The presentation of this data could be displayed using another type 

of graph more suited to the nature of the variables analyzed or, 
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alternatively, through an infographic. This resource allows for the 

presentation of information in a visually appealing, organized, and concise 

manner, combining graphic and textual elements. 

The infographic's main objectives are to inform the reader about the 

topic and to structure the data in a clear and hierarchical way, favoring a 

more accessible and immediate understanding. In this sense, its use could 

enhance the communication of results, increase interpretative clarity and 

contribute to the development of statistical literacy among students (Figure 

22). 

Figure 22  

Infographic shows the quantities, responses, and percentages of the 

question from G2 survey participants. 

 

The infographic (Figure 22) allows for more than one representation 

of the data: quantitative, percentage, and qualitative data. For G2, the data 

analysis reveals a clear predominance of negative responses, as shown in 

Figure 23. 

Respostas 

Valor 

Percentual 

Valor 
quantitativo 
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Figure 23 

Comments on the prevalence of negative perception 

 

The infographic shows that 76% of replies (37 of 49) indicate that the 

population does not or barely contributes to environment preservation, 

especially Regarding the disposal of construction debris. The category “No”, 

in isolation, corresponds to twenty-three responses (46.9%), representing 

almost half of the total, highlighting a negative perception regarding 

Community engagement. 

Positive actions were not expressive. Eight (8) favorable responses 

(ca. 16%) indicate that collaboration were mainly manifested through: (i) 

disposal in appropriate locations, using trash cans, collections points and 

designated spaces; (ii) community surveillance, characterized by concern 

and monitoring on the part of the residents; and (iii) adherence to regular 

trans collection, with proper disposal of water on the established days. 

Responses classified as neutral or mixed (ca. 8%) reveal ambiguities 

and more complex perceptions about the problem, as exemplified by 

accounts such as: “sometimes yes, but there are occasions when they hire 

dumpsters and the material is discarded anywhere”. Moreover, categories 

such as “I don’t know” and “it helps a little” reinforce the absence of a clear 

and positive perception regarding the population’s participation, indicating 
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weakness in socio-environmental engagement and in consolidation of 

sustainable practices in the investigated context. 

Following this explanation, G2 presented the participants’ responses 

(Figure 24) to the second question: Does the population help in preserving 

the environment? If so, how? 

 

Figure 24 

Viable solutions to the problem of neglect in environmental preservation in 

the neighborhoods of Belém do Pará. 

 

In comparison to the research Belém 402 anos: raio-x dos desafios 

enfrentados pela capital e Região Metropolitana | Pará | G1, dated to 2018, 

G2 evaluated that the citizen problems remain in the region. The data 

indicates a worrying picture regarding environmental preservation and 

waste disposal in the neighborhoods. Most of the population perceives a 

widespread lack of cooperation. The main causes cited were a lack of 

environmental awareness and education, as well as irregular disposal 

practices. In addition, in Belém do Pará and region, the garbage collection 

and solid waste management faces specific challenges due to the humid 

climate and urban expansion, highlighting the research issue. 

https://g1.globo.com/pa/para/noticia/belem-402-anos-raio-x-dos-desafios-enfrentados-pela-capital-e-regiao-metropolitana.ghtml
https://g1.globo.com/pa/para/noticia/belem-402-anos-raio-x-dos-desafios-enfrentados-pela-capital-e-regiao-metropolitana.ghtml
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The participants recommended govern investment in systematic 

awareness campaigns, underlining the urgency of educational campaigns 

aimed at the population regarding the importance of proper waste and 

debris disposal, the environmental and public health impacts resulting from 

irregular practices, and the appropriate channels for waste disposal. 

Additionally, they suggest improving the collection infrastructure and, if 

necessary, expanding the collection points and ensuring that they are 

accessible and properly signposted. They also recommended enforcement 

against illegal dumping, applying sanctions do deter the formation of “open-

air dumps”, as well as encouraging the creation of community groups 

focused on monitoring and promoting sustainable practices. Regarding 

informal waste transport services, they suggest that they should be 

regulated and/or guided to ensure that disposal occurs in appropriate 

locations. 

Among the lessons learned from the research, G2 highlighted that the 

analysis of the results show that most participants do not perceive an 

effective contribution from the population to the preservation of the 

environment through the proper disposal of construction debris, indicating 

the existence of significant gaps in practices and awareness levels. The 

students also observed that, although the research was conducted with a 

numerically small audience, the results showed convergence with the data 

published in the g1 report of 2018, which reinforces the persistence of the 

problem over time and amplifies the relevance of the reflections produced. 

The analysis developed by G2 can be understood in light of the 

concept of statistical literacy proposed by Gal (2002). In the case of G2, the 

students not only organized and presented the data in graphs and 

infographs, but also advanced to their critical interpretation, evaluating the 

social, environmental, and political implications arising from the results. By 
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recognizing the participant’s lack of perceive of their effective contribution 

regarding proper disposal of construction waste, the students went beyond 

numerical reading and began to problematize the investigated reality, 

communicating their analyses and proposing concrete interventions. This 

movement addresses the two central dimensions indicated by Gal (2002); 

critically interpreting and communicating well-founded positions. 

The requirements listed by Gal (2002) for promoting statistical 

literacy are also evident when we identify that the students understood why 

data were needed to diagnose the community’s environmental perception, 

and how they were produced through a questionnaire applied to a sample; 

they mobilized concepts of descriptive statistics, such as frequency and 

percentage; they used and interpreted graphical presentations; they 

reflected, albeit in an introductory way, on the variability and uncertainty 

associated with the responses; and they discussed possibilities of inference 

when comparing their sample with data form a previous report. By 

comparing their sample with a report from previous years and 

acknowledging sampling limitations, the students demonstrated an 

understanding that data are neither absolute nor neutral, but rather 

constructs that require critical analysis regarding quality, 

representativeness, and potential biases. 

This approach directly aligns with the pedagogy of questioning 

advocated by Chevallard & Strømskag (2022), which proposes teaching 

based on problematizing questions about the world. Instead of restricting 

themselves to presenting results, the students began to formulate new 

questions: why, even after years, do the patterns remain similar? What 

structural factors sustain irregular disposal? How can public policies and 

community actions change this scenario? In this process, the data become 

the staring point for new investigations. 
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Thus, the G2 experience underlines the connection between statistical 

literacy and the paradigm of questioning the world: the collected data were 

not only organized and presented, but also critically interpreted, socially 

contextualized, and converted into action proposals. This formative process 

contributes to the creation of individuals capable of reading, problematizing, 

and intervening based on evidence, consolidating a statistical education 

committed to critical citizenship. 

Final remarks 

The workshops that used the Quadrográfico teaching material and 

Microsoft Excel software enabled students to convert problem formulated in 

natural language into statistical language. These resources facilitated the 

systematic organization of data, the creation of graphical and tabular 

representations, and the interpretation of results, supporting analysis and 

decision-making processes. This dynamic contributed to the development 

of statistical knowledge by articulating knowledge from student’s 

experiences with references from Statistical Education, in a perspective 

guided by questioning the world. 

In the process of manipulating the materials, especially in the 

construction of graphs and tables, the student understood basic concepts 

of descriptive statistics, such as measures of central tendency (e.g. the 

mean) and initial notions of inference. The practical experience with real 

data proved relevant for the consolidation of these concepts, allowing 

students to attribute meaning to the operations performed. 

In the second phase, the students developed and understood the 

central dimensions of statistical thinking: the investigative cycle. This cycle 

involves actions and reasoning mobilized throughout a statistical 

investigation, from defining the topic, formulating the problem and 

elaborating the research question, through choosing the data collection 
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instrument (such as Google Forms), to organizing, analyzing, and 

interpreting the data, culminating in the formulation of well-founded 

conclusions. 

The teaching materials also contributed to the data categorization 

process, requiring connections and articulations between different statistical 

ideas and concepts. By understanding the stages of the investigative 

process, the students demonstrated the ability to explain and interpret it 

fully, based on empirical data produced by themselves. 

In this context, the development of statistical literacy, linked to the 

idea of questioning the world, was enhanced by the integration of the use 

of teaching materials and the problematization of reality. Students 

mobilized statistical communication skills: reading, writing, representing, 

and discussing information, which promoted the exchange of ideas among 

group members. This experience favored the critical interpretation of graph 

and tables, and the understanding of statistical information related to the 

topics investigated, strengthening the capacity for reflective and well-

founded analysis in real-world situations. 
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