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Resumo

Atualmente, a interpretacdo critica de dados estatisticos torna-se cada vez mais
necessaria. A compreensao de ideias relativas a amostragem também se mostra
pertinente, dada a presenca de pesquisas amostrais no cotidiano. De modo a atender
as demandas sociais e curriculares, a formacdo de professores com vistas ao letramento
estatistico assume um papel relevante, contribuindo para o aperfeicoamento conceitual

e pedagdgico. Neste artigo, foi analisada uma atividade de amostragem, parte de uma
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formacao realizada com licenciandos e professores de matematica, no contexto de uma
proposta validada e desenvolvida em uma pesquisa de doutorado. O objetivo do
presente trabalho € analisar, em uma perspectiva reflexiva, as contribuicdes de uma
atividade envolvendo crencas err6neas sobre amostragem para o desenvolvimento dos
conhecimentos de conteldo e pedagdgicos necessarios ao seu ensino. Principios do
design experiments amparam o desenho metodoldgico do estudo, cujos instrumentos
de coleta de dados foram protocolos dos participantes, didrio de campo e audios
recolhidos durante a atividade. Utilizamos a analise de conteido segundo a abordagem
direcionada, com categorias de anadlise pré-definidas a partir do letramento estatistico
e do dominio do conhecimento para o ensino. Os resultados apontaram lacunas quanto
a conhecimentos estatisticos e curriculares, e permitiram identificar crencas erréneas
em relacdo a amostragem, tais como a insensibilidade ao tamanho da amostra e a
falacia da composicao. As potencialidades observadas referem-se a conhecimentos de
contexto e de matematica, bem como a questionamentos criticos. Por fim, ao tratar
questdoes voltadas ao aprimoramento dos entraves observados, perceberam-se
discussdes pertinentes que evidenciaram conhecimentos pedagodgicos.
Palavras-chave: Amostragem, Formacao de professores, Ensino de estatistica,

Conhecimentos docentes.

Abstract

Currently, the critical interpretation of statistical data is becoming increasingly
necessary. Understanding sampling-related concepts is also relevant, given the
prevalence of sample surveys in everyday life. To meet social demands and the
requirements of the curricula, teacher education focused on statistical literacy plays a
significant role, contributing to conceptual and pedagogical improvement. This article
analyzes a sampling activity, part of a formative program conducted with in-service
and pre-service teachers, within the context of a validated proposal developed in
doctoral research. The objective of this work is to analyze, from a reflective perspective,
the contributions of an activity involving erroneous beliefs about sampling to the
development of content and pedagogical knowledge necessary for its teaching.
Principles of design experiments support the methodological design of the study, whose
data-collection instruments included participant protocols, a field diary, and audio
recordings from the activity. We used content analysis following a directed approach,
with predefined categories based on statistical literacy and knowledge mastery for

teaching. The results revealed gaps in statistical and curriculum knowledge, and
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enabled the identification of erroneous beliefs about sampling, such as insensitivity to
sample size and the composition fallacy. The observed strengths relate to contextual
and mathematical knowledge, as well as critical questioning. Finally, when addressing
issues aimed at improving the observed obstacles, pertinent discussions emerged that
highlighted pedagogical knowledge.

Keywords: Sampling, Teacher education, Statistics education, Teacher

knowledge.

Resumen

Actualmente, la interpretacién critica de los datos estadisticos es cada vez mas
necesaria. Comprender los conceptos relacionados con el muestreo también es
relevante, dada la presencia de encuestas por muestreo en la vida cotidiana. Para
responder a las demandas sociales y curriculares, la formacion docente centrada en la
alfabetizacion estadistica desempefia un papel fundamental, contribuyendo a la mejora
conceptual y pedagdgica. Este articulo analiza una actividad sobre muestreo, parte de
un programa de formacion impartido a estudiantes de grado y profesores de
matematicas, en el contexto de una propuesta validada desarrollada en una
investigacion doctoral. El objetivo de este trabajo es analizar, desde una perspectiva
reflexiva, las contribuciones de una actividad que aborda creencias erréneas sobre el
muestreo al desarrollo del contenido y del conocimiento pedagdgico necesarios para su
ensefianza. Los principios del disefio experimental sustentan el disefio metodoldgico del
estudio, cuyos instrumentos de recoleccion de datos fueron protocolos de participantes,
diarios de campo y grabaciones de audio recopiladas durante la actividad. Utilizamos el
analisis de contenido con enfoque dirigido, empleando categorias de analisis
predefinidas basadas en la alfabetizacion estadistica y en el dominio del conocimiento
para la ensefianza. Los resultados sefialaron lagunas en el conocimiento estadistico y
curricular y permitieron identificar creencias erroneas sobre el muestreo, como la
insensibilidad al tamafio de la muestra y la falacia de composicién. Las fortalezas
observadas se relacionan con el conocimiento contextual y matematico, asi como con
el cuestionamiento critico. Finalmente, al abordar cuestiones orientadas a superar los
obstdculos observados, surgieron discusiones pertinentes que resaltaron el
conocimiento pedagdgico.

Palabras clave: Muestreo, Formacion docente, Educacién estadistica,

Conocimientos docentes.
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Résumeé

A I'neure actuelle, I'interprétation critique des données statistiques devient de plus en
plus nécessaire. La compréhension des concepts liés a |'échantillonnage s'avere
également pertinente, compte tenu de la présence de recherches par échantillonnage
dans la vie quotidienne. Afin de répondre aux exigences sociales et pédagogiques, la
formation des enseignants en matiere de culture statistique joue un réle important,
contribuant ainsi a I'amélioration conceptuelle et pédagogique. Dans cet article, nous
avons analysé une activité d’échantillonnage, qui s’inscrit dans le cadre d’une formation
dispensée a des étudiants en licence et a des professeurs de mathématiques, dans le
contexte d’'une proposition validée et développée dans le cadre d’une thése de doctorat.
L'objectif du présent travail est d'analyser, dans une perspective réflexive, les
contributions d'une activité portant sur les croyances erronées concernant
I'échantillonnage au développement des connaissances disciplinaires et pédagogiques
nécessaires a son enseignement. Les principes des expériences de conception (design
experiments) sous-tendent la conception méthodologique de I'étude, dont les
instruments de collecte de données étaient les protocoles des participants, un journal
de terrain et des enregistrements audio réalisés pendant l'activité. Nous avons utilisé
I'analyse de contenu selon une approche ciblée, avec des catégories d'analyse
prédéfinies a partir de la culture statistique et du domaine de connaissances en matiére
d'enseignement. Les résultats ont mis en évidence des lacunes en matieére de
connaissances statistiques et curriculaires, et ont permis d'identifier des croyances
erronées concernant I'échantillonnage, telles que l'insensibilité a la taille de I'échantillon
et le sophisme de composition. Les potentialités observées concernent les
connaissances contextuelles et mathématiques, ainsi que la capacité a poser des
questions critiques. Enfin, lors de I'examen des questions visant a surmonter les
obstacles observés, des discussions pertinentes mettent en évidence des connaissances
pédagogiques.

Mots-clés : Echantillonnage, Formation des enseignants, Enseignement des

statistiques, Connaissances pédagogiques.
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Contributions of a sequence of activities to the conceptual understanding of
sampling and its implications for the teaching of statistics by in-service and
pre-service teachers

Introduction

The need for all citizens to be statistically literate has been advocated for better
understanding the statistical data that permeate daily activities in today’s society.
Regarding understanding procedures and ideas related to sample research, we highlight
sampling, the basis of statistical inference (Batanero, Gea, & Begué, 2019), which is
related to skills such as aspects related to obtaining representative samples and
variability, relevant to making estimates and making decisions based on data (Ben-2vi,
Bakker, & Makar, 2015). In this sense, such skills play an important role in a more
assertive and coherent view when dealing with data; however, authors such as
Barbosa, Lopes, and Santos (2023) and Fernandes (2024) share the low number of
works on this theme.

According to the National Common Curriculum Base (BNCC), the teaching of
statistics should include sampling, with a skills-based approach starting in the 7th grade
of elementary school. Such an initiative can also be observed when proposing, for the
final years, “the work with the collection and organization of data from a research of
interest to students” (Brasil, 2018, pp. 272-273), including planning the research
conduction. “This planning includes the definition of relevant issues and the population
to be researched, the decision on whether or not to use a sample, and, when
applicable, the selection of its elements through an appropriate sampling technique”
(Brasil, 2018, p. 273, emphasis added).

Given this panorama, and with a look at teacher education, we highlight gaps in
the work of Rodrigues and Silva (2019) and Viali (2008), when they analyze curricula
of mathematics teaching degree courses in Brazil, which dialogue with the study carried
out by Frei, Rosa, and Biazi (2023), in which the feeling of unpreparedness of the
mathematics teacher for teaching statistics in general is explicit.

Thus, in this work, we analyze an activity that constitutes a teacher education
program centered on sampling, designed to address difficulties in selecting and
collecting samples, to develop statistical literacy, and expand teachers’ knowledge. This
article is an excerpt from a proposal validated within the scope of a doctoral research
in teaching. In the present work, we aim to analyze the contributions of an activity on

erroneous beliefs related to sampling, conducted from a reflective perspective, for the
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construction of the content and pedagogical knowledge necessary for licensees and

mathematics teachers.

Theoretical framework

We have assumed, based on Zeichner’s (1999, 2003) studies, that teacher
education must stimulate reflection, viewing the teacher as a practical-reflective
professional, and emphasizing the importance of the practicum in their formative
process. In this sense, the practice of the prospective teacher and professional
education must be in tune to prepare them for teaching, considering that “learning to
teach is a process that continues throughout the teaching career” (Zeichner, 1993, p.
55).

In the formative program in question, we take as our core the approach to
sampling, including the difficulties and beliefs associated with this concept (Begué,
Batanero, Ruiz, & Serrano, 2019), from the perspective of developing statistical literacy
(Gal, 2002). In particular, the activity covered here deals with the following erroneous
beliefs: insensitivity to sample size and the fallacy of composition.

Sample size insensitivity occurs when a sample is assumed to adequately
represent the population, regardless of its size or the method used to select it. This
belief about the sample is erroneous, since sampling methods can introduce bias. In
addition, a very small sample reduces accuracy, leading to wide confidence intervals
and unreliable conclusions. The increase in sample size, therefore, reduces sampling
error and better represents the population. The fallacy of composition, on the other
hand, consists in transferring characteristics observed only in some of its parts, which
is an inadequate approach to be used indiscriminately. Beliefs such as these refer to
the knowledge and dispositional elements proposed by Gal (2002) when defining

statistical literacy as:

a) the ability of the person to interpret and critically evaluate statistical
information, arguments related to data or stochastic phenomena, which can be
found in various contexts, and, where relevant,

b) the person’s ability to discuss or communicate their reactions to this statistical
information, such as their understanding of the meaning of the information, their
opinions about the implications of this information, or their considerations about
the acceptance of the conclusions presented (Gal, 2002, pp. 2-3, free
translation).
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Given this definition, Gal (2002) structures a statistical literacy model, composed
of such elements, as shown in Figure 1 below.
Figure 1
Statistical Literacy Model

Elementos do Conhecimento Elementos Disposicionais
Habilidades de Letramento Crengas e Atitudes
Conhecimento Estatistico Postura Critica

Conhecimento Matematico
Conhecimento do Contexto

Questoes criticas \ /

Letramento Estatistico

Note. (Gal, 2002, p. 4, our translation)

Literacy skills (LS) refer to the ability to understand texts in different formats,
such as prose, graphs, tables, and oral or written messages, given that statistical
information can be presented in various ways and requires multiple interpretive skills.
In the context of sampling, we highlight understanding concepts such as margin of
error, population, sample, variation, variable, and amplitude. Statistical knowledge
(SK) covers fundamental notions of statistics and probability, including numerical
sense, interpretation of tables and graphs, principles of data planning and collection,
characteristics of different types of samples, data analysis and distribution, as well as
notions of descriptive statistics and inferential reasoning. As for mathematical
knowledge (MK), there is an understanding of mathematical concepts and procedures
necessary to interpret and apply statistical indicators, such as basic operations and the
proper use of formulas, as well as the application of proportions, symmetries, fractions,
and percentages. Context knowledge (CK) refers to the understanding of the reality
and environment in which data are produced, enabling adequate interpretation of
statistical messages, especially within the thematic and situational context of a sample
study. Critical questions (CQ), on the other hand, concern the careful evaluation of
statistical information, including verifying the data’s origin, the sampling process, the
reliability of the instruments used, the adequacy of the sample size, and the relevance

of the graphical representations.
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As for the dispositional elements, the critical posture (CP) is characterized by a
questioning attitude towards statistical messages. Individuals with a critical posture
spontaneously raise questions and conduct analyses, thereby formulating more
reasoned conclusions. Beliefs and attitudes (BA) support this stance, encompassing
perceptions of competence in interpreting data and recognition of the legitimacy of
critical analysis. These elements will be identified in the analysis of the core activity of
this work.

Seeking to work on erroneous beliefs in relation to sampling from the perspective
of developing statistical literacy with in-service and pre-service mathematics teachers,
we used, from the studies of Ball, Thames, and Phelps (2008), the concept of
mathematical knowledge for teaching (MKT), which represented a refinement of

categories proposed by Shulman (1986, 1987).

Figure 2
Mastery of mathematical knowledge for teaching
Conhecimento Especifico do Contelido Conhecimento Pedagégico do Contetdo
Subject Matter Knowledge (CK) Pedagogical Content Knowledge (PCK)

Conhecimento do

. Conteldo e dos
Conhecimento Estudantes

Comum do Conteido| Conhecimento

Conhecimento do

Common Content Knowledge|  Especializado oty :.',C&'&'g;" Contetido e do
(ccN) do Curriculo
Conhecimento Conteudo
orizontal do Contelidd Knowledge of Content
2 2 Conpoclmento do and Curriculum (KCC)
Specialized Content Conteldo e do Ensino

Horizon Content Knowledge (SCK)
Knowledge (HCK)

Knowledge of Content
and Teaching (KCT)

~— |

Note. Ball, Thames, and Phelps (2008, p. 403, our translation)

Common content knowledge refers to the basic mathematical understanding
present in various contexts, including performing calculations, solving problems, and
mastering algorithmic procedures. Although indispensable to the teacher, this
knowledge is not uniquely their own. In the context of statistics, it involves
understanding fundamental concepts such as population, sample, parameter, sampling
error, types of sampling, and the methodological considerations associated with the

sampling process.
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The specialized knowledge of the content, in turn, is proper to the mathematics
teacher and refers to the capacities necessary for teaching. It includes explanations
and rationales for procedures, analyses of students’ errors, evaluations of the
difficulties associated with the proposed tasks, and the use of different didactic
approaches. It also involves the mastery of the so-called “uncompressed mathematics”,
which explains the conceptual and structural bases of mathematical objects, as well as
the ability to justify and represent mathematical concepts and ideas properly. Focusing
on statistics, this knowledge manifests in reflections and arguments on the assumptions
that guide the choice of probabilistic samples, in sampling processes, in the articulation
between samples and confidence intervals, and in the understanding of fundamental
ideas and misconceptions about sampling.

Horizontal content knowledge refers to the teacher’s ability to relate
mathematical topics to one another, establishing significant connections that support
the organization and approach of the content. From a statistical perspective, the
interplay among sampling, probability, and measures such as percentages and means
stands out, as do the relationships between statistics and other curriculum components.

According to Ball, Thames, and Phelps (2008), pedagogical content knowledge is
subdivided into three dimensions. Knowledge of content and students involves
understanding students’ experiences and difficulties, allowing us to anticipate recurring
errors, such as inadequate sample selection or mistaken interpretations of
equiprobability. Knowledge of content and teaching encompasses the selection,
organization, and elaboration of activities; the analysis of methodologies; and the
choice of appropriate teaching materials, such as those that allow for observing sample
variability or exploring random experiments. Finally, content and curriculum knowledge
concerns the mastery of guidelines and normative documents that guide the
introduction and development of content in the curriculum.

Within the scope of our study, we corroborated Gal’s (2002) conception of
statistical literacy by highlighting what is expected of citizens in today’s society.
Therefore, when referring to the common content knowledge and looking at the
sampling, we are referring to knowledge and dispositional elements previously
presented by the author related to this concept. Thus, our theoretical references jointly

weave a possible path for analysis and reflection on the activity focus of this work.
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Methodology

Considering a relevant methodological approach that linked the purposes of
teaching and research, since data collection took place in the context of teacher
education through a sequence of activities, we found in the design experiments (Cobb,
Confrey, DiSessa, Lehrer, & Schauble, 2003) a methodological design appropriate to
the purposes of the study. Enabling research in the context of knowledge construction
and/or development, design experiments are characterized by flexibility and the
following phases: prospective, reflective, and retrospective, which support a cyclical
process of implementation, analysis, and redesign, favoring the progressive
improvement of the intervention.

In our research, the prospective phase consisted of developing a diagnostic
questionnaire, applied in the initial phase of the sequence of activities, to identify
knowledge for teaching (specific and pedagogical) and statistical knowledge,
particularly about sampling, to draw an initial profile of the research participants. The
data obtained from the diagnostic questionnaires served as the starting point for
applying the learning situations4 that made up the formative process.

The reflective phase enabled a cyclical process of elaboration, analysis, review,
and reinvention of the activities that composed the sequence. Thus, at this stage, the
sequence of activities could be reviewed and improved based on the results from the
diagnostic questionnaires. The sequence of activities was used in one of the modules
of a widely disseminated formative course on sampling and graphical representations,
lasting 60 hours and delivered in weekly 4-hour meetings over 15 weeks. Our data
collection took place during the sampling module, spanning five meetings totaling 20
hours.

We had 11 undergraduates in mathematics and 2 teachers as participants,
focusing on dialogue between initial and continuing education. In order to safeguard
the identity of the pre-service teachers, we will refer to them using the letter L followed
by a number assigned to each: L1-L11. The in-service teachers will be designated by
the letter D followed by a corresponding number, being D1 and D2.

The written records of the participants, including answers and reflections on the
experience of the proposed activities, were part of our research data, along with

recordings of the meetings held and the researcher’s notes.

4 We corroborate the understanding of Mateus (2015), who understands the learning situation “through a set of activities in which
they [participants], developing various types of tasks, can acquire/build knowledge” (p. 115).
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In the retrospective phase, we conduct the analysis based on the records, using
the following references: Ball, Thames, and Phelps (2008); Gal (2002); Batanero, Gea,
and Begué (2019); Begué et al. (2019); and Zeichner (1993, 2003). For the analysis,
we used the principles of content analysis by Hsieh and Shannon (2005) within a
directed approach, as the analysis categories were defined a priori by an existing
theory. In this work, we will focus on one of the activities in the sequence, titled Pets
[Animais de Estimacdo], which was held during the second meeting of the formative

process.

Results and discussion

In this section, we discuss aspects observed in the activity Pets, part of the
sequence proposed in the formative course aimed at in-service and pre-service
mathematics teachers. The analysis, based on Gal (2002) and Ball, Thames, and Phelps
(2008), emphasizes the discussions that emerged from the activity developed, focusing
on erroneous beliefs related to sampling, specifically insensitivity to sample size and
the fallacy of composition, as discussed by Begué et al. (2019).

It is worth noting that in the previous meeting, copies of a questionnaire adapted
from Buehring (2021) were distributed so participants could interview different people
about the presence of pets and children in their homes. In our case, we seek to present
a situation that can be developed in basic education for later analysis of sampling-
related difficulties. The questionnaire proposed for the on-site research was as follows:
Figure 3

Questionnaire template

Quanti- | Quanti- | Possui animal | Quantidade de animais de estimacéo
dade de | dade de | de estimagio?
pessoas | criangas

Sim Nio | Cachorro | Gato | Ave | Peixe | Outro:

Casa 1

Casa 2

Casa 3

Note. Adapted from Buehring (2021).
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At the meeting, data collected by all participants were presented. Subsequently,
they were asked to answer the questions on an activity sheet. The first part of the
activity asked about possible representations of the data and possible conclusions, as

shown in the following five items.

What representations would be possible for the data collected? Sketch at least one type.
What percentage of homes have pets? What is the most frequent animal?
What percentage of homes have children?

Are there more children or pets in the surveyed homes?

a A W N =

Do you think there are more pets or children in Brazil? Is it possible, taking into account
the data we have, to infer something about the population of animals and children in

Brazil?

Although our main objective is not to address graphic representations, we
incorporated this theme into the questionnaire, allowing pre-service and in-service
teachers to gain greater immersion in the research data.

We initially highlight that only five of the participants (L1, L2, L3, L4, and D2)
answered the first question about the possible representations, and the others only
sketched one type of graph, without explaining other possibilities, which may be the
result of inattention when reading the statement of the corresponding item, or even of
a gap regarding the exposure of the types of graphs that would be appropriate to a
given situation. Of those who answered, we can observe that the bar, column, and
sector graphs were cited by L1, L2, L3, and D2, and the teacher D2 cited the double
columns in a possible comparison of children and animals per house.

Some gaps were observed in the responses that cited the histogram (L1, L2, and
L3), as this would represent quantitative data. In fact, L3 made a representation with
juxtaposed rectangles (Figure 4), even though she did not work with intervals, which,
in fact, the choice of the data addressed did not allow. Sama and Silva (2020) highlight
that:

When the frequency distribution is with class intervals, the histogram is formed
by a set of juxtaposed rectangles, whose bases represent the class intervals and
whose heights represent the simple, relative, or percentage frequencies of each
class interval (p. 47).
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This does not fit the case represented by L3. The absence of a title for the
statistical graph, as well as in the responses of other participants (L3, L5, L6, L11, and
D2), is also worth highlighting.

Figure 4

Graphic representation constructed by L35

Note. Research collection (2024).

L1 mentions the polar graph, but does not discuss the procedure or the variables
to be represented. L1 and D2 presented the line graph as an option, which would also
be inadequate for the data, as it is intended to represent time series (Sama & Silva,
2020). The representation by D2 in Figure 5 presents a double-column graph with lines
that illustrate the oscillations in relation to the houses interviewed in the on-site

research. It is also evident that not all houses were represented.
Figure 5

Graphic representation constructed by D2

5 The total number of people from the data collected by L3 is 46, not 41, as shown in the graph.
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We also noted that although L1 and L2 cited graph types that were inappropriate
for the situation, they both produced a bar graph sketch of the data. In general, eight
participants chose column charts and two others chose bar charts. L6 used both, bars
to represent the number of people per household and columns to represent the number
of children per household. L5 was the only participant who chose the sector graph.

Unlike the other participants, L11 chose to represent the means of people,
children, and each animal found. Some rounding was done, although it is not adequate
with regard to the average, since the average value is 3.9 for people, 1.05 for children,
and 2.25 for cats. In addition, the scale was inadequate, as on the vertical axis (L11),
the mean was used rather than the simple frequency or percentage. The maximum
value on the vertical axis was 13; however, the highest value shown was 3.9,
representing the average number of people. Such a choice can create a visual illusion,

leading us to see the averages represented as small values.
Figure 6

Graphic representation constructed by L11
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L4 discussed the possibilities of representation, citing relationships between
variables, but did not present graphs for them. “It could also represent the type of
animal present in the residences, the humber of children per residence, residences that
have or do not have pets, that have or do not have children, or even relate the number
of people to the number of animals” (L4, activity sheet). As we did not establish which
relationships between the data should be considered, we had a diversity of
representations, among which some were cited by L4, who chose to observe and
represent the number of animals per residence.

In discussion after the construction of the charts, the in-service and pre-service

teachers could externalize their choices for each variable’s representation to their

colleagues.

L4: a bar graph, representing the number of animals per household, but could
represent the number of children [...] associate the number of people with the
number of animals.

L10: I chose to relate the birds, because they were the ones that had the most.
I also made a bar graph showing which animals appeared.

Researcher: Did someone make another type of graph?

L4: The one with bars is the easiest.

D2: But there are sectors, lines.
L2: Bar chart. I, in my case, represented the number of adults and children.

Here, we notice that D2 again presents the line graph as an option to represent
the data, as already evidenced in the answer sheet. Moving on, we had an indication

of new possibilities for relating the data.

L3: I represented the number of animals in total.
L11: I represented using the average of each animal per house in a bar graph.
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Researcher: Which had the highest average? And the second-highest average?

L11: Number of people. The number of cats. About 15.

Researcher: Wow... a lot.

L5: My average of cats was 146. For me, there were 6 in just one house. Every

reality is a different reality. [I did] Sector chart.

Researcher: In this case, what did you represent in the graph of sectors?

L5: The number of houses that own and do not own animals. And also the

question, as they spoke before, of adults and children, of people who live in the

house and children.

We now move to a relevant point observed in this first item on the response
sheets of participants L6, L7, and L8: they chose not to represent all the observed data,
opting for a sample. It is noteworthy that the population, based on the data collected
by each participant, was 20 houses; this value could have been used in its entirety for
the graphical representation; however, L7 and L8 used only 10 houses, leaving aside
half of those observed. L6, on the other hand, used only five of the houses she
interviewed, which corresponds to only 25% of the homes observed, reporting, during
whole-group discussion, such a choice and, when asked by the researcher of the
motive, she said that it would be “by the amount” (L6, audio transcription), which leads
us to believe that, when trying to build the graph, she felt difficulties and soon decided
to reduce the data.

Thus, when observing the answers given to the first item of this activity, we
noticed gaps in the common knowledge of the content (Ball, Thames, & Phelps, 2008),
related to statistical knowledge (Gal, 2002), focused on graphical representations,
resulting in inadequacies of types of graphs for certain situations and lack of basic
elements of statistical graphs, in addition to erroneous beliefs in relation to the sample,
focused on insensitivity to its size, as in the case of the choice of a sample by the
participants L6, L7 and L8, instead of representing all the data collected, 20 in total.

Items 2, 3, and 4 are related to mathematical knowledge, according to Gal
(2002), and linked to the common knowledge of the content, based on the
categorization of Ball, Thames, and Phelps (2008). In these items, we noticed the
adoption of approximate values without due mention of the use of rounding, in addition

to misconceptions regarding the observation and transcription of the data, as in the

response of L9, when indicating the dog as the most frequent animal, not consistent

6 In fact, the total number of cats was 14, out of 12 houses interviewed.
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with the data collected, and when accounting for six houses that have animals, not
seven. The frequency of houses with dogs, in this case 7 out of 12 surveyed (58.3%),
was also inadequately presented.

The few misconceptions, in relation to aspects presented in the previous item,
proposing the construction of a graphical representation, show that there is a better
understanding in relation to mathematical concepts, such as calculations involving
percentage and proportionality, consistent with mathematical knowledge (Gal, 2002),
than in relation to statistical knowledge (Gal, 2002). We emphasize that, in the
diagnostic questionnaire, participants generally characterized the statistics classes they
had experienced as basic and focused on calculations, which may have influenced these
results.

Seeking to cover other elements of statistical literacy beyond the literacy skills,
statistical knowledge, and mathematical knowledge addressed so far in the activity, we
began the discussion by considering aspects related to knowledge of context, critical

issues, critical posture, and beliefs and attitudes.

Invited researcher: Everyone has cats in their research. But some places have
more cats. Do you think there is any factor that influences the fact that there is
a greater number of cats in one place than in the other?

L8: Where I live, people usually abandon [the animals]. [...] Because they know
that people shelter them, they take and abandon them.

Invited researcher: In your sample, did you have many cats?

L8: Yes.

Invited researcher: I also saw it in L2 and L11. What do you think favored it?
L2: Mine is literally what L8 said. They end up dumping [cats] in the homes of
some people who adopt them. Dogs and cats galore. Some end up poisoned or
hit by cars.

Invited researcher: Is it close to the BR highway?

L2: No, it's on the road. It's just that there is a bit of a divide between the rural
and urban parts. Many tractors and the like pass by her place, so when people
dump them, they wander around until they get run over. Then, when she sees it,
she always takes it, there is a shed.

L11: There are many cases like this; at work, they dumped a cat that had just
had her kittens. Then the cat lay there, right, and the kittens around. Each child
picked up a kitten and adopted it.

It is possible to perceive aspects of the location from which the data were
collected, which may influence the number of cats reported in the questionnaires. The

creation of meaning (Gal, 2002) from world knowledge should support literacy
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processes, which do not differ from those of statistical literacy. Continuing the
discussion aimed at obtaining evidence about the researched context, it was asked

whether the participants searched only houses or also apartments.

D2: So, one thing to consider, I even wrote it down here, is this issue of the urban
and rural areas. In urban areas, we usually have houses, but the yards are not
very large, so people end up adopting fewer animals. Small farms have no walls
[...] you have more opportunities to raise more animals. So I took that into
consideration.

L3: They may also not be allowed in gated communities.

L1: They cannot be forbidden, but in this case, you cannot use the elevator. Some
clauses say that it is forbidden, because if there is someone allergic in the
building, then it is going to [...], consequently... then they have to go downstairs.
Researcher: I believe there is no prohibition, but in the matter of space, the
balcony. These are things we keep asking ourselves, and they may have
influenced this research. Including this knowledge of the world that we should
focus on with our students as well. [...] propose real situations. [...] take this
debate to the students, because otherwise, they are just meaningless data.

In this regard, we brought up for reflection the fact that it provides basic
education students with real-world situations and discussions about the context in
which the data are found. We then questioned whether there were more animals than
children in the houses observed, and the unanimous answer was affirmative. So, we
asked if this reflected, in some way, the Brazilian reality today. Only participants L8
and L11 answered affirmatively on the answer sheet, “Yes” (L11, answer sheet); “Yes,
because people are preferring to raise animals, since the expenses are lower and are
recommended by psychologists” (L8, answer sheet). We note that while L11 only
states, without exploring the reasons for this response, L8 presents personal opinions
to support his statement, both of which express difficulties related to the sample design,
in particular regarding the beliefs proposed for the activity.

We emphasize that although L4 and L6 reported more animals, they stated that
they believe there are more children in Brazil. This indicates that they did not take into
account the locally conducted research as a representation of the Brazilian population,
with, as in ten other participants, evidence of overcoming erroneous beliefs,
insensitivity to sample size, and the fallacy of composition. Below, we highlight some

of the answers presented on the answer sheets.

L1: I believe there are more pets, but I cannot say, as I am accounting for data
from a small part of Brazil.

L3: I can’t say which one is in greater quantity. I believe that it is not possible to
make an inference about something that has such a large amount of data with
such an insignificant value in hand.
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D2: It is not possible to take the collected data as an answer, as we should take
into account that most of the houses studied were in the rural area, where there
are more small farms or houses with huge yards, which allow raising more
animals.

It is possible to observe that D2 incorporates aspects of the context by justifying
the impossibility of treating small-scale research as representative of Brazil and by
highlighting potentialities in sampling and contextual knowledge. This was again

evidenced in the discussion with the whole group and highlighted by other participants.

D2: In my opinion, there are more animals than children, and I took into account
the issue of location. As we had said, if you have a larger space, you end up
raising animals. For example, a house here had 12 animals: 1 dog, 1 cat, and 10
birds, so it also depends on which animals are raised.

L5: Another house had 5 turtles.

L4: Small animals don’t take as much work to raise, right? Having a space,
feeding them, the basics, they go on. Put 12 children in a small room (laughs),
in @ house, just in one house.

Biological issues were also addressed, along with societal changes, such as

declining birth rates and the presence of women in the labor market today.

L1: There is also the biological issue. The human being has the question of the 9
months they spend in the belly, and the like.

D2: Reproduction is slower.

L1: And it’s not a number of children. At most, what we see is four at a time. And
the animal, for example, the rabbit, has a relevant amount, and it takes less time.
Humans usually have only one life, while dogs sometimes have 5 or 6. The
question of reproduction also varies.

Invited researcher: And they don’t have birth control either.

D2: Only when the human intervenes. I have two animals, both of which are
neutered. And no children yet.

L5: But a reality that is already proven in research is that in our current society,
especially young people, do not want to have children at all, but rather raise
animals, treating them as children; there is even the saying pet father, pet
mother. But this is already a reality that suggests that, if it continues, our
generation will be much more into animals than into children.

L4: And we will also take into account our way of life, because, for example,
before, people needed to have more children to be the labor force, I mean, long
ago. Currently, most women are in the labor market. It is the woman who
generates life, so, whether she wants it or not, she is working; she will not be
able to take maternity leave all the time.

L5: Really, one issue is the fear of these women, because they need maternity
leave, which harms their careers, both professionally and academically.

D2: And the issue of bringing children up. They worked more at home, whether
they wanted to or not. It has the historical context, the local context, everything.
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Given the points raised, we observed great potential for teachers and
undergraduates to incorporate real situations into their practices that take into account
students’ context, from a perspective that breaks with meaningless data presented in
a way disconnected from reality. Criticality, in the sense of considering the
representativeness of a given sample, is a positive aspect to highlight, as it could cover

an area much smaller than Brazil’s.

L4: I think the sample is too small to represent Brazil.

D2: If I were to think about a locality.

L4: I think it’s too many houses for too little data.

D2: So, for our city, it is still not enough. If it were limited to a neighborhood, or
something like that, choose a few houses [...]

Researcher: Now, do you think that students can imagine that Brazil is
represented in a survey like that?

L4: Yes.

L5: Depending, even for the world (laughs).

At this point, L4 and L5 say they believe that students may think that the research
carried out, even with a very small humber of houses surveyed, would be a good
approximation to the Brazilian reality, that is, they could have some erroneous beliefs,
such as insensitivity to sample size and the fallacy of composition. We seek to
understand conceptions about the students, and their possible relationships with
content knowledge. Thus, with a focus on content knowledge and teaching, and with a
view to pedagogical actions that would prompt students to think about informal
inference and the representativeness of the population, and to bring relevant aspects
in relation to the sample, the participants were asked how they would direct the

students.

D2: I would limit the space issue. In this case, the population, because Brazil is
very large. So it could be like this in the classroom. Everyone searches their
homes and asks people close to them. To then have the inference. Then one
would reach the conclusion one should.

L5: I would let them ask this inference question about Brazil and bring the IBGE
data, because it is already a survey they conduct specifically on children, of
people, and I would gather these data, show them, and compare them with the
results of each one. It may be that in the midst of so many, even ours here, it
may represent the reality of Brazil as a whole, at least in a certain region.

Here, we highlight some points, such as the limitation proposed by D2 to a small
population, and the use of a census rather than a sample survey. In this case, there
would be no informal inference, but only the results for the entire population; thus, the

opportunity to discuss sampling-related questions would be lost. In addition, the BNCC
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provides for sample research by basic education students from the 7th grade of
elementary school, such as in the EFO7MA36 skill, which refers to “planning and
conducting research involving the theme of social reality, identifying the need to be a
census or to use a sample” (Brasil, 2018, p. 309). In turn, L5 addresses the possibility
of discussing sampling from the data collected and research that really has a sample
with adequate size and characteristics to represent the Brazilian population; however,
mentioning that perhaps some of the research they did in a maximum of 20 houses in
a given region of the country may represent the reality of Brazil is not adequate.
Following the discussion, we sought to verify whether they thought a certain age

group was necessary to engage with aspects related to the sample.

Researcher: Do you think that we could work only with older students or high
school students, or with younger ones as well?

D2: With younger ones too, to instigate research. Helping them think.

L4: I would ask how many residences they think they have in Brazil. They would
say lower numbers than they actually are. We would show the real numbers. And
it would make them think about other realities, like apartments, for example. Do
some states have more apartments than houses? And the reality there, would
there be more animals or children?

D2: And see if we educate them not to say “always”, "I think”. Instigate them
actually to research.

Continuing with the activity, the Radar Pet 2020 Survey’ was read —with an
excerpt highlighted in Figure 7— and the IBGE Educa? article, both highlighting absolute
and relative numbers regarding the population of pets and children in Brazil. The 2020
Radar Pet Survey was carried out by the H2R Institute and is linked to the Companion
Animal Commission (Comissao de Animais de Companhia—Comac), one of the
committees of the National Union of the Animal Health Products Industry (Sindicato
Nacional da Industria de Produtos para Saude Animal—SINDAN).

Figure 7
Details of the Radar Pet 2020 Survey

7 https://comacvet.org.br/wp-content/uploads/2021/07/RADAR-PET-2020-APRESENTACAO-2.pdf

8 https://educa.ibge.gov.br/jovens/materias-especiais/20786-perfil-das-criancas-brasileiras.html
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Note. Radar Pet Survey (2020, p. 6).

The Radar Pet Survey addresses strata such as sex, social class, age, and
education, and presents a regional distribution of the sample, as shown in Figure 8. In

addition, it presents absolute and relative data regarding pets in Brazil.

Figure 8
Some information brought by the Radar Pet 2020 Survey
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Note. Adapted from Radar Pet Survey (2020).

The IBGE Educa article is succinct, but it fulfills the function of presenting the
estimated number of children in Brazil: “35.5 million children (people up to 12 years of
age), which corresponds to 17.1% of the estimated population in the year, of about
207 million” (Profile of children in Brazil). It also addresses the distribution of children
by sex, area of residence, color or race, and literacy rate.

From these readings, we discussed what they had observed and, now, their

conclusions regarding the number of children and pets in Brazil.

L4: There are 37.7 million households with pets, and there is more than one pet
in several households. [...] While we have 35.5 million children.

L5: In that last part, [about] domestic dogs®. There are already more [dogs] than
children.

9 The projection of the 2020 Radar Pet Survey is that there are 54,214,568 domestic dogs in Brazil.
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We commented that, in Brazil, there is a trend, confirmed in recent years, of
more animals than children in Brazilian homes. When we look at the generations of
great-grandparents, grandparents, and parents, we identify a decrease in the number
of children, possibly related to the decline in the number of children and the increase
in pet ownership. L7 noted that he saw a news report on the growing adoption of pets
during the pandemic, a point corroborated by other participants, including D1 and L5.

Continuing the activity, we asked about the observed material.

Researcher: And in general, did you like this material?

Multiple participants at the same time: Yes.

Researcher: What did you find interesting or more interesting?

D2: The variety of regions, it was not limited to just one.

L5: The sample.

D2: Social class too.

Researcher: What other criteria, besides the region, did you observe?

L1: Age.

D2: Social class, sex, education.

L5: I have a question about this last part. He says it is a projection. In this case,
is this projection that he talks about based on the research they did?
Researcher: That's it. They worked with a sample, which, however large, is a
sample. A percentage of homes in Brazil were surveyed. So, if this number of
pets corresponds to this percentage, for 100%, what is the number of pets? And
then an estimate is made of how many dogs and cats there are based on the
percentage surveyed.

L5: Ah, yes.

It is interesting to highlight L5’s doubt as to the meaning of the term “projection”
in the context in question. Another point presented was that 43% of the houses are in
the Southeast region, which, according to D2, indicates a profile different from the one

they researched.

D2: We see that 43% of the houses are in the Southeast region, and whether you
like it or not, the Southeast region has more houses in urban areas; probably
many people living in apartments.

The next question was: Speaking of curriculum, what have you seen about the

statistics curriculum, in general, in basic education, and, in particular, about sampling?

L5: So, doing research, when I was going to make lesson plans, I saw that from

the 5th grade onwards, I was always talking about statistics, some way of

working, but I don’t remember anything like that.

Researcher: Have you ever seen anything before the 5th grade?

L1: Before the 5th grade, I remember little balls, in the sense of “it is possible”,

Vit is not possible”. These are very simple questions that sometimes help in

classroom discussions. And sometimes it’s that topic left for the end of the year,
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and you know, a topic left for the end of the year is almost never seen. Then I
also told her that I did not know Sergipe’s curriculum existed. I learned about it
because of the practicum I did there in city X. In Sergipe’s curriculum, the final
part covers probability and statistics. It is the last part of all (flipping through
printed material).

We emphasize here that L1 refers to an extracurricular practicum; that is, it is
not the mandatory supervised practicum of the teaching degree, but rather a bond with
a city close to where we offered our formative course. The activity highlighted with dots
focuses on the notion of chance, as proposed by the BNCC since the 1st grade of
elementary school (skill EFO1MA20), by classifying events as impossible, certain, or

probable.

Invited researcher: When did you find out?

L1: This year. Because there, in the practicum, they advised us to make the
lesson plans according to Sergipe’s curriculum. We are in full-time, so we follow
Sergipe’s curriculum. Then I also realized that in Sergipe’s curriculum, not only
in BNCC, we leave [Probability and Statistics] for last. Generally, it follows [the
order] of the contents that are there in that curriculum, it follows gradually, and
this care with probability and statistics does not exist. We know that teachers can
change the content in any order they want, but I believe the algebraic part is a
priority. For example, in the 7th grade, there is the issue of x entering equations,
so if you do not understand that a little, you cannot cover the content of the 8th
grade, so we often treat this as a priority. And it ends up being a little
misrepresented about what statistics and probability could contribute to possible
activities and situations in other content, for example, percentages. You could
easily work with percentages with statistics, linking them. But usually, they prefer
to work only with percentages and only with statistics.

Researcher: A good idea to connect them, even thinking about the schedule,
which teachers always comment on as a challenge. Do you think probability and
statistics were first proposed from which grade [in the BNCC]?

L1: 2nd grade.

We noticed that only two participants answered: L1 and L5. L1 brought aspects
observed from his experience in pedagogical activities outside the university. None of
the students knew that the BNCC proposes the teaching of statistics and probability
from the 1st grade of elementary school, with L1 being the closest, citing the 2nd grade.
In addition, in the final years of elementary and high school, no observations or
comments on current regulations or curriculum were presented, indicating gaps in
content and curriculum knowledge (Ball, Thames, & Phelps, 2008).

Given this evidence, we present the BNCC’s proposals for elementary school
through high school, in terms of the objects of knowledge and related skills. We

emphasize that the normative document recommends working with samples from the
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7th grade onward; however, studies report successful experiences with students in
earlier years of schooling, as in Buehring (2021). We emphasize the use of teaching

materials appropriate to the age group, as shown in Figure 9.
Figure 9

Resources used when addressing statistics in the early years of elementary school
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Note. Buehring (2021, pp. 171, 178, and 217).

Still discussing these aspects, excerpts from Buehring’s (2021) work were
presented, highlighting the main points of the activities conducted with students in the
initial years of elementary school, including the questionnaires used for data collection,
the tables and graphs constructed, and the discussions of the sampling techniques. One
of the aspects Buehring (2021) cited is that "Knowing the number of children in the
houses was a curiosity raised by the children themselves and a fact that caught our
attention: only 6 children live on the street (or in the 20 houses surveyed) and
according to them, it is a very small sample!” (Buehring, 2021, p. 225, emphasis
added).

To prompt them to reflect on how to approach data collection and interpretation
with basic education students, we included the following question on the activity sheet:
What precautions should we take when sampling with students? In general, choosing
the sources, as mentioned by participants L1, L2, L6, L9, and L10, and attention to
data collection, as highlighted by L3, L9, and L10. Turning specifically to sampling, we
provided an overview of the understanding that a sample is not always representative
of the population, highlighting the potential to avoid misconceptions about insensitivity

to sample size, as seen in the answers below.
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L10: Be aware that a small sample does not always reflect the whole.

L2: Not affirming or being certain about a specific issue, with a survey that does
not represent a relevant percentage of the whole.

L11: The lack of generalization of the data presented in the sample in the face of
a [much larger] population.

L7: The conclusions cannot be generalized, as the selected sample can be small
compared to the population.

L4, D2, and L8 also highlighted aspects of how the sample is obtained, linking to

appropriate statistical concepts and moving away from ideas concerning the erroneous

belief in the fallacy of composition.

L4: It should be analyzed whether the sample can truly represent the population
across different aspects (such as gender, race, social class, location, age, etc.) or
whether it restricts the data to a small group that represents only part of the
population surveyed.

D2: Think about the greatest number of possibilities, possible options,
environments, and people so that the research does not induce an answer.

L8: The data may be influenced by the region.

We consider that L8 referred to research carried out by the education course

participants in the surroundings of their homes, with very particular results for the

region where the data were collected, which may, however, not be a good sample when

considering a very large population such as Brazil’s. In the subsequent discussion, L1

also emphasized how careful one must be when seeking generalizations from a sample

research, “[...] care when generalizing and also the issue of differentiating sample

population” (L1, audio transcription). L5, on the other hand, considered expanding the

sample due to concerns about potential interview questions.

Some precautions would be to collect data across different circles, not rely only
on their kins, and seek additional data. Another issue would also be the data, [...]
having the data that are necessary for that research and asking the shortest,
shortest questions possible, especially to work with students who will do research,
so as not to get tiring for the student or for those being interviewed (L5, audio
transcript).

Based on what was discussed at the meeting, we resumed the last item on the

activity sheet, which asked whether the activity had expanded participants’ knowledge

in both content and pedagogical aspects. Some of the answers given in writing were:

1172

L9: Expanded the ability to build and read graphs.

L2: [...] we can use news and/or other research to develop an activity with the
students. And it expanded the care in choosing and differentiating the population
from the sample.
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L3: Yes. The activity helped me reflect on the care required in the type of

research, the breadth of the population, and viable data collection for students.

This can help them avoid drawing erroneous conclusions about the research.

L4: Yes, he brought ideas for pedagogical approaches and listed important

questions to ask in class.

L6: It introduced new ideas and approaches to the content.

Thus, both the written activities and the discussions focused on aspects of
sampling seem to have been propelling about the knowledge necessary for teaching,
with aspects related to the content cited by L9, L2, and L3, and pedagogical components
addressed by the other participants, especially regarding the expansion of the
repertoire and the more questioning and conscious approach.

Orally, during the debate with the whole group, the issue of discussing population
and sample with students was highlighted, so as not to “end up stating lightly that [a
survey carried out] with 20 houses we could not infer for the whole of Brazil” (L2, audio
transcript). L1, on the other hand, focused on the proposed graphical part, which
allowed choosing among several options for what to represent and which type of graph
to use.

Thus, from what the participants brought to the discussion of the activity, we
observed evidence of the skills required for teaching sampling in basic education. Linked
to the common knowledge of the content are, in general, in terms of statistical
knowledge, the representations of the data; as for mathematical knowledge, we
highlight ideas and procedures related to the percentage; regarding literacy skills and
knowledge of context, we highlight the readings and discussions proposed, also linked
to the critical issues, together with the way of obtaining the data and the possibility of
making, or not, informal inferences. The critical stance, along with beliefs and attitudes,
is connected to the belief in critical action, fostered by the situation addressed in the
activity, to mobilize participants’ attitudes.

About other categories of the knowledge domain for teaching, according to Ball,
Thames, and Phelps (2008), the relationships established during the situations
addressed, the explanations in relation to the sample and its representativeness, and

possible referrals to work with basic education bring possibilities to have a look at the
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specialized knowledge of the content, knowledge of the content and teaching, and

knowledge of the content and students.

Final considerations

In light of the analyses carried out, we understand that the Pets activity operated
as a formative device capable of tensioning and displacing participants’ initial
understandings about sampling, particularly the fallacy of composition and insensitivity
to sample size.

The activity contributed to participants’ formative process through a practice-
and-reflection perspective, covering elements of statistical literacy and some
subdomains of mathematical knowledge for teaching. In general, we observed
developments in aspects of the statistical conceptual domain that, together with
pedagogical discussions, enabled us to expand the didactic repertoire of pre-service
and in-service mathematics teachers.

Therefore, we hope to have contributed to the reflection on the teaching of
statistics, in particular on the teaching of sampling, by proposing and presenting
evidence of the educational potential of structured, intentionally designed teaching
sequences, in order to work on concepts from a perspective of improving and expanding
teaching knowledge. However, we emphasize that a limitation of our study is the small
sample size, which leads us to suggest future research involving a larger number of in-
service and pre-service teachers. Other studies that address beliefs about sampling, in
collaboration with teachers and through interventions in basic education, may offer new

perspectives on teaching the topic.
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