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ABSTRACT 

The idea of variability is important for learning statistics because it 

helps understand the variables, the origin of the data, and their 

characteristics. Seeking to identify how Brazilian research addresses 

statistical variability to promote statistical education to students and 

teachers, we carried out a systematic literature review in the Catálogo 

de Teses e Dissertações and Portal de Periódicos of Capes and in the 

Biblioteca Digital de Teses e Dissertações . The results suggest little 

research on statistical variability in basic education. Most of the 

publications included focus on initial or continuing teacher education, 

evidencing the absence of studies about student learning. The 

publications also indicate little approach and conceptual limitations 

regarding topics such as centrality, dispersion measures, dotplot, and 

bloxplot. We found that activities related to comparison and 

representation are insufficient, implying difficulties in appropriating 

the investigated concept. 
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Abordagens conceituais sobre variabilidade estatística em pesquisas 

brasileiras: Uma revisão sistemática de literatura 

 

RESUMO 

A ideia da variabilidade é importante para a aprendizagem de estatística 

porque auxilia na compreensão das variáveis, da origem dos dados e suas 

características típicas. Buscando identificar como as pesquisas brasileiras 

abordam a variabilidade estatística, no sentido de promover educação 

estatística a estudantes e professores, realizou-se uma Revisão 

Sistemática de Literatura no Catálogo de Teses e Dissertações e Portal de 

Periódicos da Capes, e na Biblioteca Digital de Teses e Dissertações. Os 

resultados sugerem que há poucas pesquisas sobre variabilidade 

estatística na Educação Básica. A maioria das publicações incluídas 

enfocam a formação inicial ou continuada de professores, evidenciando a 

ausência de estudos acerca da aprendizagem de estudantes. As publicações 

também indicam que há pouca abordagem e limitações conceituais 

relativamente a tópicos como centralidade, medidas de dispersão, dotplot 

e bloxplot. Constatou-se que atividades referentes à comparação e 

representação são insuficientes, implicando em dificuldades para 

apropriação do conceito investigado. 

PALAVRAS-CHAVE: Variabilidade estatística; Letramento estatístico; 

Revisão de literatura; Pesquisas brasileiras. 

 

Aproximaciones conceptuales a la variabilidad estadística en la 

investigación brasileña: Una revisión sistemática de la literatura 

   

RESUMEN 

La idea de variabilidad es importante para el aprendizaje de la 

estadística porque ayuda a comprender las variables, el origen de los 

datos y sus características típicas. Buscando identificar cómo las 

investigaciones brasileñas abordan la variabilidad estadística, con el 

fin de promover la educación estadística para estudiantes y 

profesores, se realizó una Revisión Sistemática de Literatura en el 

Catálogo de Tesis y Disertaciones y Portal de Periódicos de la Capes, 

y en la Biblioteca Digital de Tesis y Disertaciones. Los resultados 

sugieren que existe poca investigación sobre la variabilidad 

estadística en Educación Básica. La mayoría de las publicaciones 
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incluidas se enfocan en la formación inicial o continua de docentes, 

evidenciando la ausencia de estudios sobre el aprendizaje de los 

estudiantes. Las publicaciones también indican que existe poco 

enfoque y limitaciones conceptuales en temas como centralidad, 

medidas de dispersión, dotplot y bloxplot. Se constató que las 

actividades relacionadas con la comparación y la representación son 

insuficientes, lo que implica dificultades en la apropiación del 

concepto investigado. 

PALABRAS CLAVE: Variabilidad estadística; Alfabetización estadística; 

Revisión de literatura; Investigación brasileña. 

 

* * * 

 

Introduction 

 

Contemporary society demands diverse knowledge from people, which 

implies the need for educational institutions to think about and implement 

educational processes updated to everyday challenges. For example, 

technological advancement and the amount of information produced and 

disseminated socially require people to critically interpret statistical data 

related to various subjects. Therefore, statistics teaching in schools and 

universities must prioritize learning strategies that allow students to 

understand and analyze the world instead of reproducing calculation 

procedures dissociated from challenging social realities. 

Cazorla and Utsumi (2010) discuss how statistics teaching was 

included in basic education curricula, breaking with the deterministic culture 

in mathematics classes, following an international trend, given the 

recognition of the importance of the contribution of statistics to forming 

critical citizens. This insertion boosted an area of research called statistical 

education, whose objectives are to study and understand how people teach 

and learn statistics, considering cognitive and affective aspects of teaching-

learning, the production of statistical knowledge, and statistics didactics, 

with a view to statistical literacy. 
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Gal (2002, 2019) defines statistical literacy as the result of 

cognitive and dispositional components. In the cognitive component, 

literacy, mathematical, statistical, and contextual knowledge compete, 

along with the ability to elaborate critical questions. The dispositional 

component is formed by beliefs and attitudes, which shape the reading of 

the world and the critical stance before information. In this model, it is 

not enough to master statistical knowledge; for example, besides knowing 

how to calculate measures of central tendency and dispersion, we must 

know the origin of the data, how variables were defined, and how they are 

distributed. We must also evaluate whether the statistical measures used 

are appropriate to the context instead of others and who is interested in 

disclosing this information.  

Aiming to identify how Brazilian research addresses statistical 

variability to promote statistical education for students and teachers, we 

carried out a systematic literature review (SLR) that analyzed articles from 

scientific journals, as well as dissertations and theses defended in Brazil, 

seeking to respond to the following question: How is statistical variability 

addressed in national academic research, within the scope of statistics 

education, at different levels and contexts of teaching and/or learning? 

By answering the research question, based on the analysis of the 

publications included in the review, this work identifies how students and 

teachers have appropriated statistical variability based on situations 

experienced in the school space.  

In the next section, we argue for the importance of the concept of 

variability for statistical education to promote statistical literacy. The 

methodology section details the research path, describing the period 

analyzed, the databases chosen, the search terms defined, and the exclusion 

and inclusion criteria for the works. Next, we present the works and a 

quantitative and qualitative analysis of the results. Finally, in the 

conclusions, we return to the research question to identify the advances and 
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difficulties that can be highlighted in the analyzed publications, including 

reflections regarding perspectives for future studies. 

 

The importance of variability in teaching statistics 

 

Why are studies related to variability so important to statistical 

education, especially when promoting statistical literacy among students and 

teachers? Although there is no single answer to this question, it is noteworthy 

that several studies show variability as fundamental to statistics (Cobb; 

Moore, 1997; Fife et al., 2020; Watson et al., 2003). Thus, they highlight the 

ubiquity of variability, defending the idea that there would be no data 

statistics if there were no variability. Furthermore, they emphasize that 

statistical investigation presumes variation in data, seen as essential for 

understanding statistics and the distinction between statistics and other 

areas of knowledge, such as mathematics. 

In the literature, there is not always a consensus regarding the terms 

“variabilidade” [variability] or “variação” [variation], as some authors define 

the first as the noun form of the adjective “variável,” [variable] meaning that 

something will probably change, while the second is seen as the noun that 

describes the act of varying (Reading; Shaughnessy, 2004). However, like 

Garfield and Ben-Zvi (2008), we chose to use them without distinction, 

considering all these general ideas about the data. For Shaughnessy (1997), 

the concept of variability is complex and difficult to define, reinforcing the 

need to broaden its understanding, as it is essential for students to develop 

statistical thinking adequately. 

Silva (2007) highlights that statistical thinking can be understood 

as the mental strategies people use to make decisions in an investigative 

context. According to the author, statistical thinking and statistical 

literacy are directly related, as the more a subject develops their 

statistical thinking, the greater their chances of presenting more 

advanced levels of statistical literacy.  
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The idea of variability transcends the calculation of variation 

measures, such as amplitude (total), variance, standard deviation, or 

coefficient of variation (Isoda et al., 2018). According to the authors, to 

understand the theoretical perspectives of variability, it is necessary to 

overcome the concern centered on the mathematical treatment that 

makes the student perform calculations that often do not understand 

what they actually represent. Therefore, this publication warns of the 

presence of mathematization of statistical knowledge to the detriment of 

encouraging students to question and be critical, making it difficult to 

perceive the phenomenon of variability as a component of data closely 

related to statistical literacy. 

Star et al. (2021) address the importance of variability, reinforcing 

the low number of studies on its understanding and evaluation at the 

school level. The absence of materials that explore this concept in basic 

education, among other aspects, may contribute to the fact that 

variability does not occupy a relevant place in the curriculum worked in 

the classroom. In this context, Rodríguez-Alveal and Maldonado-Fuentes 

(2023) carried out a typology of questions regarding variability in Chilean 

high school books to inquire about the quality and cognitive level of the 

questions presented, the results of which showed a more significant 

presence of questions with an arithmetic approach, with little emphasis 

on teaching strategies based on argumentation and decision making. 

Variability is inherent in the analysis of statistical data. However, 

understanding this concept must consider the different sources originating 

an investigated phenomenon. In this sense, Rodríguez-Alveal and 

Maldonado-Fuentes (2023) recommend approaching problems from various 

exploratory sources of variability: a) real or natural — inherent to the nature 

of the phenomenon studied: height and diameter of people's heads; b) induced  

— in which there is influence from third parties regarding the behavior of a 

phenomenon: effect of a fertilizer on plant growth; and c) sample — influenced 

by sample size: basic situations for statistical inference. 
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Recent studies that deal with teaching and learning variability, 

considering different perspectives with students and teachers, have 

shown increasing interest in investigating this concept at different levels 

of education, given the recurring difficulties highlighted in research on 

the subject (Estrella et al., 2021; Garfield et al., 2015). However, it 

becomes worrying that systematized knowledge does not show advances 

in the learning processes to make the student realize the interconnection 

between variability and other statistical ideas, such as distribution, 

centrality, sampling, inference, and representativeness. 

Brazilian studies dealing with basic education teaching and 

learning of statistical concepts emerged more frequently after the 

National Curricular Parameters (Parâmetros Curriculares Nacionais - 

PCN) in the 1990s (Brasil, 1997, 1998). Since then, statistics topics have 

gained more space in the school curriculum, mainly to prepare students 

for situations that involved information processing because statistical 

learning, at that time, was focused on making students appropriate forms 

of data collection, organization, and systematization. However, in the 

following decade, academic research focused on understanding students’ 

and teachers’ thinking, reasoning, and statistical literacy  and 

understanding that statistical education must overcome data 

mathematization. 

The approach to the concept of statistical variability remains 

infrequent in Brazilian studies, justifying the contributions of this work. 

Therefore, in the next section, the methodological procedures adopted in 

identifying and analyzing national scientific production addressing the topic 

will be detailed to promote statistical education. 

 

Methodological Aspects 

 

 As bibliographical research, the SLR aims to identify how scientific 

knowledge has been developing in a specific context. According to Lima 

http://doi.org/10.14393/ER-v31e2024-13
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and Mioto (2007), it implies an ordered set of procedures for searching for 

solutions, attentive to the object of study, and which, therefore, cannot be 

random. For the authors, it is an investigation with the advantage of 

summarizing evidence relating to a particular topic, with clear and 

organized search methods, critically analyzing the synthesis of 

information obtained. 

Petticrew and Roberts (2006) have a detailed guide for writing 

systematic review papers. The authors emphasize that, more than producing 

a scientific summary, the SLR aims to answer a question or test a specific 

hypothesis, identifying paths for future studies. In mathematics education, 

systematic reviews are used to direct investigations concerned with various 

objects of study. 

Considering the importance of understanding how and if statistical 

literacy appears in Brazilian articles, dissertations, and theses that address 

statistical variability within the scope of educational research with students 

and teachers, this article set out to answer: How statistical variability is 

addressed in academic research national, within the scope of statistical 

education, at different levels and contexts of teaching and/or learning? 

The searches were carried out during May 2023 in three databases: 

Digital Library of Theses and Dissertations (Biblioteca Digital de Teses e 

Dissertações - BDTD), Catalog of Master’s Degree and Doctoral Theses 

(Catálogo de Teses e Dissertações - CTD), and the Portal of Journals 

(Portal de Periódicos - PP), the latter two being the responsibility of 

Coordination for the Improvement of Higher Education Personnel 

(Coordenação de Aperfeiçoamento de Pessoal de Nível Superior  - CAPES). 

These bases are justified because they are public and freely accessible, 

constituting themselves as relevant for the free dissemination of national 

(BDTD and CTD/CAPES) or national and international (PP/CAPES) 

academic production. We chose not to define the period (year) of the work, 

making it possible to expand the number of productions and favoring the 

understanding of how the theme has been approached recently. 

http://doi.org/10.14393/ER-v31e2024-13
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The search strategies for each database consulted were 

standardized, using the same five terms (descriptors or keywords): 1) 

statistical variability, 2) statistical variation, 3) dispersion measures, 4) 

variability measures, and 5) variation measures. Only terms written in 

Portuguese were used since the objective of this article is to investigate 

the concept of statistical variability in national productions. We opted for 

individual searches, term by term, with descriptors written in quotation 

marks and without Boolean operators. Finally, the corpus of this research 

was defined according to the following reading stages: 1) titles, 2) 

abstracts and keywords, 3) objectives, methodologies, and final 

considerations or conclusions. 

With the terms used, initially, 583 results were obtained in BDTD, 171 

in CTD/CAPES, and 226 in PP/CAPES. We identified repeated productions 

in all databases. Therefore, repetition was established as an exclusion 

criterion. Also discarded were works unrelated to statistics education, other 

types of documents (reviews, records, reports, educational products, books, or 

book chapters), and studies carried out outside the Brazilian educational 

context. In Table 1, we can observe that, of the 980 productions identified, 958 

were eliminated, leaving 22 works for analysis. 

In the next phase, we defined two inclusion criteria: research 

related, in some way, to the concept of statistical variability within the 

scope of statistics education and studies with a theoretical basis relevant 

to the problem under investigation, contributing to the understanding of 

how national academic production approaches the topic investigated. 
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TABLE 1: Search in BDTD, CTD/CAPES, and PP/CAPES, with 

different search terms. 
 

Search Terms 

Initial Results Excluded Productions 

BDTD 
CTD/ 

CAPES 

PP/ 

CAPES 
BDTD 

CTD/ 

CAPES 

PP/ 

CAPES 

“variabilidade 

estatística” 

[statistical 

variability] 

10 8 4 6 7 3 

“variação 

estatística” 

[statistical 

variation] 

87 42 77 87 42 77 

“medidas de 

dispersão” 

[dispersion 

measurements] 

157 52 78 146 51 76 

“medidas de 

variabilidade” 

[variability 

measures] 

89 15 45 89 15 45 

“medidas de 

variação” 

[measures of 

variation] 

240 54 22 239 53 22 

Total 980 958 

 

Source: The authors (2023).  

 

For the qualitative analysis of the research, Bardin's (2016) content 

analysis (CA) was used, organized into three phases: 1) pre-analysis; 2) 

exploration of the material; 3) treatment of results and interpretation. The 

corpus of this research consisted of 11 works (two articles, four master’s 

degree thesis, and five doctoral theses), chosen based on the inclusion criteria 

established to answer the research question. 
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In the material exploration phase, depending on the CA of the texts, four 

categories were defined: 1) Research in teachers’ and undergraduates’ 

training/collaborative contexts; 2) Academic productions with basic education 

students about variability; 3) Studies that involved analysis of textbooks; 4) 

Mobilization of statistical concepts in other higher education contexts. In the next 

section, the selected productions are analyzed. 

 

Data Presentation and Analysis of Results 

 

Based on the categories identified by the content analysis, Table 1 shows 

the national works that deal with statistical variability identified in this SLR: 

 

CHART 1: National academic research that deals with statistical 

variability in the context of promoting statistical education. 
 

Category Type Author 

Research in teachers’ 

and undergraduate 

students’ 

training/collaborative 

contexts 

Article Oliveira Júnior and Pereira (2018) 

Master’s thesis Moreno (2010) 

Doctoral thesis 
Silva (2007), Novaes (2011), 

Silva (2017), Santos (2020) 

Investigations with 

basic education students 

about variability 

Article - 

Master’s thesis 
Cavalcanti (2011), Moreno 

(2014), Souza (2019) 

Doctoral thesis - 

Studies that involved 

analysis of textbooks 

Article Andrade et al. (2014) 

Master’s thesis - 

Doctoral thesis - 

Mobilization of 

statistical concepts in 

other higher education 

contexts 

Article - 

Master’s thesis - 

Doctoral thesis Cruz (2020) 
 

Source: The authors (2023).  
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Category 1: Research in teachers’ and undergraduate students’ 

training/collaborative contexts  

 

 In this category, six academic productions were identified and 

organized in the form of articles (1), master ’s degree theses (1), and 

doctoral theses (4). The work was centered on the learning of teachers 

who teach mathematics or degree students who are in the initial 

education process. Almost all doctoral research studies recovered in this 

work are in this category, comprising four of the five theses in this 

systematic review.  

 

Characterization and main results of the research that constituted 

the first category 

 

 Silva’s doctoral thesis (2007) investigated the reasoning about variation used 

to solve statistical problems that emerged during an investigation designed and 

carried out by the research subjects. Following the methodological assumptions of 

action research, nine basic education teachers and two mathematics degree 

students constituted the group of participants in this investigation. To answer the 

main research problem, the author was based on Garfield (2002) to evaluate the 

reasoning level of variation used by the mathematics teacher in different stages of 

the investigative cycle of statistical thinking. 

 Silva’s research (2007) stands out in this systematic review as the 

first national work that addressed teachers ’ learning involving the 

concept of variation. The author noticed that the development of 

statistical thinking did not imply reasoning about variation in teachers 

and undergraduates. Participants understood the meaning of standard 

deviation as a measure of data variation/homogeneity, although they did 

not perceive it as an interval around the mean. The mean and standard 

deviation were not used to compare distributions. The participants 

confused the concept of mean, understanding it as majority, by mixing it 

http://doi.org/10.14393/ER-v31e2024-13
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with the concept of mode, which is a factor of subsequent difficulty in 

realizing the importance of a measure of variation. 

 To study the characteristics of activities that favored the 

apprehension of variability during a formative course with seventeen 

mathematics teaching degree students, Moreno (2010) carried out a case 

study through didactic engineering to design, carry out, observe, and 

analyze teaching sequences. The training was organized in weekly 

meetings taught by the researcher.  

According to Moreno (2010), pre-service mathematics teachers 

could realize the variation between the data but not regarding a measure 

of central tendency. This result increased the difficulty faced by teaching 

degree students in situations requiring them to interpret variability 

measures. Situations that involved a comparison between distributions 

with the same mean but with different dispersions helped research 

participants to understand that the mean, often, may not be 

recommended as a summary measure of the data, which justifies 

recognizing the role of measures of variation. Finally, the author 

highlighted that associating the idea of concentration with low variation 

can be a didactic obstacle to understanding variation, as there are 

situations in which data concentrations are located at the extremes, 

generating high dispersion. 

Novaes (2011) developed a case study investigation on two basic 

education teachers interacting with other teachers during a continuing 

education course. The research aimed to analyze didactic and specific 

conceptions of descriptive statistics content mobilized by basic education 

teachers. The author used the theoretical model of conception, knowing, and 

concept (ck¢) proposed by Balacheff (2001) and Balacheff and Gaudin (2002) 

to identify statistics conceptions basic education teachers use to choose the 

strategies they will employ in resolving problem situations. 

Novaes (2011) identified sixteen teaching conceptions for statistics 

teaching: three of specific knowledge and thirteen of didactic knowledge, working 
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interdependently. About the construction of the concept of variability, critical 

involvement in activities and the reproduction of mathematized procedures were 

not enough to promote statistical literacy. The competence of transferring 

deterministic thinking from mathematics to data analysis was identified in this 

research, offering strong resistance until finally changing. At the end of the 

research, the researcher observed that the characterization and possible changes 

in the conceptions that hinder the teaching and learning process were the result 

of careful monitoring of teaching activity. 

Identifying and characterizing evidence of statistical knowledge that 

makes up the statistical literacy of undergraduates in pedagogy was Silva’s 

(2017) primary objective. Gal’s (2002) statistical literacy levels were used as 

a theoretical basis for this research. Through a case study, a workshop was 

planned to address statistical variability, whose activities focused on mean, 

mean deviation, median, and quartiles.  

After analyzing the proposed activities and constructing conceptual 

maps, Silva (2017) identified signs of the development of basic notions of 

statistical concepts that make up the statistical literacy of prospective 

teachers, highlighting the variability reasoning associated with the idea of 

mean, in addition to concepts amplitude, dispersion, separatrix 

measurements, and graphical representation using the boxplot. On the other 

hand, problems related to the numerical scale constituted a difficult factor in 

promoting the participants' statistical literacy. 

Oliveira Júnior and Pereira’s (2018) study was carried out with sixteen 

participants, including teaching initiation scholarship holders and postgraduate 

students, to evaluate the learning of the concept of statistical variability. Using 

three of the seven constituent elements of the epistemological model for 

understanding variability by Garfield and Ben-Zvi (2005), the authors developed 

teaching sequences structured in two moments: manually, using pencil and graph 

paper, and developed using the “R” software.  

As a result, Oliveira Júnior and Pereira (2018) identified two types 

of variability in the participants' conception: internal to a group, 
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recognizing the variation of data in one or more sets and between groups, 

characterized by the variability of statistical measures used for synthesis 

and comparing data sets. The authors concluded that the participants 

accepted the use of the software, although this result does not imply 

discarding using traditional resources (graph paper and pencil) since both 

methodologies can be applied in the classroom. 

In Santos (2020), we sought to analyze the conceptions of future 

mathematics teachers regarding knowledge of measures of central 

tendency, measures of dispersion, and variability through a computerized 

environment from a theoretical perspective of promoting statistical 

education. As a methodological choice, a case study was organized into two 

phases: an initial survey of pre-service teachers’ conceptions and a 

verification of their emerging conceptions when using a computerized 

environment. The research took as theoretical bases the ck¢, the 

technological pedagogical content knowledge (TCPK), the statistical 

thinking, and the statistical literacy models. 

The main results pointed out by Santos (2020) suggested confusion 

between qualitative and quantitative variables on the part of 

mathematics pre-service teachers since the numerical frequency of the 

qualitative variable was mistaken with the variable type. In the concepts 

related to measures of central tendency, the following stood out: the 

definition of mean, mode, and median as analysis parameters; the 

recognition of standard deviation as a measure of dispersion; the 

association of variation with dispersion; understanding mean as a 

calculation procedure equivalent to apportionment, and the mode as the 

value that is most repeated. In the activity that verified the influence of 

data variability on the measure of central tendency and the boxplot, the 

subjects concluded that: the median is the second quartile in the boxplot; 

variability interferes with measures of central tendency; the mean and 

median values are close in situations that present low variability in the 

data. Finally, the authors reinforce the need for differentiated strategies 
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for the study and teaching of statistics in contexts of mathematics 

teachers' initial education. 

 

Category 2: Investigations with basic education students about variability 

 

The second category brought together three master’s degree theses. 

The research identified in this group presented didactic proposals concerned 

with students' understanding of variability from the early years, covering 

elementary and high school. This category showed no reason for variability to 

be studied only after a specific age since younger children, although 

informally, demonstrate an understanding of it. 

 

Characterization and main results of the academic productions that 

constituted the second category 

 

Statistical variability was researched by Cavalcanti (2011). The 

main objective of the study was to investigate the understanding of 

elementary school 2nd- and 5th-grade students about this concept. 

Various aspects of variability (quantification, representation, description, 

comparison, prediction, and gradation) were investigated with forty-eight 

student participants, using Garfield and Ben-Zvi (2005) as a theoretical 

framework. The Piagetian clinical method was applied. The children were 

interviewed individually and encouraged to explain what they understood 

about the concept explored. 

When grading the understanding of various aspects of statistical 

variability, Cavalcanti (2011) highlighted that, in descending order, those that 

expressed greater complexity were the comparison between data sets, the 

prediction based on the mode, the comparison between points with quantification 

of variation, and the proposition of absence of variation. According to the author, 

since the second grade of schooling, students can understand aspects of 
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variability, and this observation can be intensified if students experience teaching 

situations that challenge them to analyze and reflect on data. 

The main objective of the study by Moreno (2014) was to investigate 

the contributions of dotplot and boxplot graphs in high school students' 

statistical variability learning. Based on teaching sequences, the author 

conducted qualitative research with participants who needed to collect, 

organize, and represent data through dotplot and boxplot, which are 

fundamental for understanding the concept studied. The intuitive ideas 

involving variability by Garfield and Ben-Zvi (2005) and Gal’s (2002) 

statistical literacy were adopted to develop the activities. The SOLO 

taxonomy (Biggs; Collis, 1982) was used to categorize student responses 

regarding variability reasoning. 

Moreno’s (2014) main results highlight that students had no prior 

knowledge of dispersion measures but showed intuitive ideas of variability. 

The graph resulting from the overlay of the dotplot and the boxplot, called 

dot-boxplot, made evident the difficulty inherent in the median and 

quartiles, especially in the case of repeated values that occupy positions 

around such measurements. This construction allowed students to point out 

variability through the interquartile range. Finally, comparison activities 

between different variables in the same group or the same variable between 

other groups favored the recognition of the nature of variability. 

Souza's research (2019) examined how digital technologies (DT) help 

elementary school students develop the concept of variability. Through 

intervention research, organized into three stages (pre-test, intervention, 

and post-test), the author analyzed the knowledge acquired throughout the 

application of activities and interactions between student-student and 

student-researcher. Using theoretical bases such as Batanero (2001) and 

Garfield and Ben-Zvi (2005), the research presents several reflections 

about perceptions of variation incorporated into the graphs constructed by 

the participating subjects. 
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The results of Souza’s master’s degree thesis (2019) showed 

strategies to help elementary school students understand variability 

using different representations. Students had difficulties in procedural 

calculation, interpreting central tendency measures, and constructing 

column graphs, which are essential for understanding the 

abovementioned concept. Another result highlighted in this research was 

the students’ limitations in solving problem situations related to 

interpreting and calculating the mean. According to the author, this fact 

arises from mathematical operations, which students usually do not 

formalize. Finally, the work identified that it is easier to interpret than 

to construct graphs, regardless of the type considered. 

 

Category 3: Studies involving analysis of textbooks 

 

The third category included only one academic production (scientific 

article). This category included research whose results come from different 

contexts than the others. Therefore, the selected article was not related to the 

experience of training processes involving teachers/undergraduates, nor did 

it investigate students’ understandings of statistical variability, as it arose to 

analyze how statistical concepts appear in textbooks. 

 

Characterization and main results of the study of this third category 

 

The analysis of high school mathematics books was carried out by 

Andrade et al. (2014), who sought to identify how measures of central 

tendency and dispersion (MCTD) appear in Brazilian and French teaching 

collections. The Brazilian sample was formed from seven collections from 

the National Textbook Program (Programa Nacional do Livro Didático - 

PNLD) from 2012. To compare with Brazilian collections, the authors 

selected seven collections listed on the French Ministry of National 

Education page. Considering the theory of conceptual fields to map the 
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situations in the books, the authors reinforce the importance of varied 

approaches for forming concepts of centrality and dispersion in students. 

As a result, nineteen different ways of presenting data in activities 

involving MCTD were identified. Some are present in both Brazilian 

collections. However, the boxplot appears only in the French collections. 

Furthermore, in most Brazilian collections, MCTDs predominate in the 

last year of high school. 

 

Category 4: Mobilization of statistical concepts in other higher 

education contexts 

 

The last category of analysis was also defined by a single production, 

referring to a doctoral thesis in cognitive psychology. Unlike the first 

category, which focused on training processes with teachers in initial or 

continuing education, the study was carried out with students enrolled in a 

research degree in administration at a public university. Therefore, a specific 

category was defined because the research was developed in a different 

context from previous cases. 

 

Characterization and main results of the study of this fourth category 

 

 Cruz’s work (2020) investigated the performance and reasoning 

involving measures of central tendency (mean, mode, and median) and 

measures of dispersion (amplitude, standard deviation, and coefficient of 

variation) of students enrolled in an administration course at a public 

university. The research was based on general and specific theories about 

development and learning to identify the impact of statistical education 

on professional education. As methodological procedures, students 

responded to a survey of attitudes toward statistics scale (SAS), answered 

an interview, and finally responded to an instrument with four situations 

covering statistical concepts. According to the author, in general terms, 
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the students' best results were obtained in situations related to measures 

of central tendency, except the median. Another important finding 

concerns the types of justifications for situations associated with a 

procedural calculation in which students performed better. Finally, the 

results showed that the concepts of central tendency seem better 

consolidated in relation to dispersion measures, which tend to present 

more difficulties both in the procedure and in conceptual mobilization. 

 

Conclusion 

 

This work aimed to answer how statistical variability has been 

addressed in national academic research within the scope of statistical 

education at different levels and contexts of teaching and/or learning, 

highlighting the advances in research and scientific dissemination in this area.  

The results suggest a scarcity of works on variability, mainly in the first 

years of basic education and high school, considering we identified only two 

works, one from each level. Therefore, in this SLR, we observed that most 

studies were developed in initial or continuing teacher education courses, 

highlighting the absence of works focusing on student learning. 

Several studies demonstrated students ’ and teachers’ procedural 

understanding of statistical concepts, which contrasted with a conception 

of statistical literacy expected from participants. Among the main 

difficulties highlighted were misunderstandings regarding the numerical 

scale and types of variables, perception of the average only as an algebraic 

measure, and participants’ lack of knowledge or conceptual limitations 

regarding dispersion measures. 

Although necessary, aspects such as comparison and representation, 

when addressed, were insufficient for students and teachers. According to 

these studies, this implies perceiving the predominance of difficulties in 

appropriating reasoning about variability. The meanings of median, 

centrality, and standard deviation were more complex. These results show 
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that data variation is not usually seen as a measure around the mean or any 

other measure of central tendency. 

School practices have not always contributed to the development of 

reasoning and, therefore, to statistical literacy regarding variability. It is 

necessary to expand the possibilities of representations beyond bar graphs 

and histograms, including using digital technologies, as point graphs and 

boxplots, which are not common in books, presented satisfactory didactic 

potential in the research that addressed them. 

From the analysis of the selected works, we can underscore that 

didactic situations designed to help promote statistical thinking and 

reasoning about variability also contribute to statistically literate people, and 

that, therefore, reveals how statistical education, when experienced by 

students, teachers, and the population in general, enhances criticality, 

awareness, and emancipation of these subjects in society. 

We conclude that knowledge of students’ –and, in some cases, teachers’– 

statistical variability is under development in different contexts. However, the 

results indicate the need for further investigations covering this topic. Thus, this 

review contributes to reflecting on gaps in student learning or teacher education 

processes, enabling new studies focusing on the relationships between statistical 

education, statistical literacy, and statistical variability. 
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