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ABSTRACT 

Background: Statistical graphs are widely used in society and are important 

in presenting data related to different topics. Statistics education aims improve the 

teaching and learning of statistics, which include the approaches to statistics graphs. 

Objectives: This article analyses the construction of statistical graphs by in-service 

teachers and their reasons for choosing these graphs. Design: It was conducted an 

empirical study from a qualitative perspective which investigated teachers’ choices and 

constructions of statistical graphs. Setting and Participants: The participants were 22 

primary school teachers from public schools located in Recife Metropolitan Area, 

Brazil. They expressed their intention to be interviewed when they responded to a 

questionnaire applied among a larger number of teachers. Data collection and analysis: 

The interviews were composed of two tasks comprised of statistical data in which 

participants had to choose a type of graph, justify the choice, and construct a graph of 

a chosen type. It was carried out a content analysis of speech protocols. Results: The 

reasons for participants’ choices seemed to be related to their familiarity with the type 

of graph, and they constructed graphs with high levels of complexity. Conclusions: 

The results of this study emphasised the importance of primary school teachers 

developing specific knowledge about graphs through pre-service and in-service 

elementary school teacher education. The results from this research study offer new 

questions concerning the construction and the choice for statistical graphs, which 

include the influence of new technologies and the use of textbooks. 

Keywords: statistics education; mathematics education; teacher education; 

primary school curriculum; statistical graphs. 
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Análises de gráficos estatísticos construídos por professores dos anos iniciais  

 

RESUMO 

Contexto: Os gráficos estatísticos são amplamente utilizados na sociedade e 

são importantes na apresentação de dados relacionados a diversos temas. A educação 

estatística visa melhorar o ensino e a aprendizagem da estatística, o que inclui as 

abordagens aos gráficos estatísticos. Objetivos: Este artigo analisa a construção de 

gráficos estatísticos por professores do anos iniciais do ensino fundamental e as razões 

para a escolha desses gráficos. Design: Com o objetivo de discutir o problema de 

pesquisa, foi realizado um estudo empírico a partir de uma perspectiva qualitativa que 

investigou as escolhas de tipos de gráficos por professores e a construção de gráficos 

estatísticos. Ambiente e participantes: Os participantes foram 22 professores do 

ensino fundamental de escolas públicas localizadas na Região Metropolitana de Recife, 

Brasil. Eles expressaram a intenção de serem entrevistados quando responderam a um 

questionário aplicado a um maior número de professores. Coleta e análise de dados: 

As entrevistas foram compostas por duas tarefas compostas por dados estatísticos em 

que os participantes tinham que escolher um tipo de gráfico, justificar a escolha e 

construir um gráfico do tipo escolhido. Foi realizada uma análise de conteúdo de 

protocolos das entrevistas. Resultados: Os resultados deste estudo enfatizaram a 

importância de professores do ensino fundamental desenvolverem conhecimentos 

específicos sobre gráficos por meio da formação inicial e contínua de professores do 

ensino fundamental. Os resultados desta pesquisa oferecem novas questões relativas à 

construção e escolha de gráficos estatísticos, que incluem a influência das novas 

tecnologias e o uso de livros didáticos.  
Palavras-chave: educação estatística; educação matemática; formação de 

professores; currículo dos anos iniciais; gráficos estatísticos. 

 

INTRODUCTION 

This article aims to discuss aspects of a study that analysed the 

construction of statistical graphs by in-service teachers and their reasons for 

choosing these graphs. It is expected to contribute to understanding the 

difficulties experienced by teachers while they are teaching about graphing. 

Statistical graphs are widely disseminated in society and play an 

important role in presenting data related to different topics. This type of 

statistical representation can be considered a cultural artefact given its level of 

insertion and diffusion in our society (Vygotsky, 1978). Batanero et al. (2009) 

explain that the ability to read and understand graphs and tables is essential for 

literate citizens. Several countries have included graphing as curriculum 

content in the early years of primary school due to its importance in enabling 

the interpretation of statistical data. González et al. (2011) carried out a 
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literature review on this topic which indicated that most studies approached 

pre-service teachers and concluded that they have low levels of statistical 

knowledge, including limited ability in graphing. Teacher training in statistics 

represented a challenge in order to support educators’ teaching of statistical 

graphs. 

In Brazil, statistics topics are part of the mathematics curriculum for 

early years education (Ministério da Educação, 2018). The thematic unit called 

probability and statistics consists of prescriptions on the use of graphs in 

statistical research conducted by teachers. Therefore, it is important to develop 

teachers’ competences to involve their students in an entire statistical research 

process, which includes the choice and construction of graphs to communicate 

statistical data. Statistics teacher education for primary school teachers does not 

seem to provide the necessary knowledge to teach statistics in the initial years. 

Angra and Gardner (2018) argue that “the multifaceted and complex 

nature of graphing makes it difficult for instructors to diagnose student 

difficulties and for students to master the skill of graphing. There have been 

scattered efforts to identify and address student difficulties with graphing” (p.2). 

Angra & Gardner (2016, 2017) emphasise that the competence to choose and 

construct statistical data is much more complex than the ability to interpret it.  

In general, these artefacts have a highly semiotic complexity, and it is 

common for students and teachers to show difficulties in properly choosing, 

building and interpreting representations. Other difficulties experienced by 

teachers associated with the construction of graph scale have also been listed in 

previous studies (Arteaga et al. 2015; Souza & Monteiro, 2020). 

Arteaga (2011) classified the complexity of graphs produced by 

Spanish pre-service teachers and found different degrees of difficulty presented 

by these participants in constructing graphs. The majority of studies involving 

Brazilian teachers are only focused on the interpretation of graph skills. There 

are only a few studies that have investigated in-service teachers' skills in 

choosing and constructing graphs.  

Investigating the competence in building and choosing statistical 

graphs among teachers who work in the early years is relevant because these 

professionals are responsible for teaching statistics to children in the 

elementary years. Understanding graphs has been considered an important part 

of statistical training for all citizens, which implies the acquisition of 

knowledge about these representations throughout basic education. That is, for 
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students to be able to appropriate statistical reasoning to act in the world, a solid 

knowledge base is necessary, including those related to statistical graphs. 

For this to happen at the beginning of basic education, however, it is 

crucial to strengthen pedagogical knowledge and content on statistical graphs 

among teachers. It is through knowledge focused on these artefacts that 

teachers will be able to choose tasks and representations that are more 

appropriate to the statistical research they conduct in the classroom with their 

students. This does not claim that just studying these themes is sufficient, but it 

undoubtedly allows the teacher to develop important skills for conducting their 

work to guarantee students' learning from an early age. It would not be 

appropriate for us to wait for the student to reach the end of basic education to 

begin essential content for the development of his worldview. 

The difficulties in teacher training found in Brazilian contexts lead us 

to consider that teachers in initial training when acting as teachers cannot 

organically overcome the challenges found in the classroom, especially those 

related to the teaching of Statistics. According to Lopes at al. (2020) one of the 

problems that need urgent attention refers to the initial and continuous training 

of teachers who teach statistics and the difficulty of teachers in working with 

graphic representations already mentioned by numerous studies (Arteaga et al., 

2015; Batanero et al., 2009; Souza & Monteiro, 2020) 

Therefore, this article presents aspects taken from an empirical study 

which investigated in-service teachers’ choices and constructions of statistical 

graphs. The research study was developed with 22 teachers who responded to 

tasks prompting them to choose a type of graph that would represent specific 

statistical data, justify their choices and construct a graph of a chosen type.  

 

LITERATURE REVIEW 

The statistical graph and its semiotic complexity  

Statistical literacy has been recognised as people’s ability to critically 

interpret statistical data in a variety of contexts and communicate this 

understanding in ways that can impact their decision making (Gal, 2002). 

Statistical literacy is also one of the main concerns of statistical education, a 

research field which investigates epistemological, methodological, and 

didactical aspects of the learning and teaching of statistics.  

Statistical graphs are different from mathematical graphs because they 

model non-deterministic functions. Cazorla (2002) emphasises that this 
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distinction is important in the teaching of statistical graphs because these 

representations are more suitable to support the presentation of data organised 

on a frequent perspective and based on transdisciplinary themes. Ainley (2000) 

argues that the frequent use of graphs in our society is supported by the idea 

that graphs are transparent when communicating their meanings. Also, 

mathematics and statistics curricula around the world still maintain conceptions 

of statistical graphs based on their neutrality. However, this objectivity 

perspective about graphs can mislead people to think that these representations 

cannot be unambiguous. On the other hand, if statistical education contributes 

to developing a wider perspective of statistical literacy (Gal, 2002), citizens 

would be able to identify and criticise intentional manipulations of statistical 

data presented in different media (Monteiro & Ainley, 2007, Cazorla & Castro, 

2008). Therefore, it is becoming increasingly important to enable people to 

critically interpret inconsistent statistical information displayed on graphs.  

Ainley (2000) explains that the types of graphs chosen to compose 

basic school curricula are based mainly on evidence about students’ difficulties 

to construct graphs based on the utilisation of pencil and paper. Therefore, bar 

graphs, line graphs and pie charts are still the most common types of graphs in 

school classrooms (Carvalho, 2009; Arteaga, 2011) and in textbooks 

(Guimarães et al., 2007). On the other hand, important types of graphs could be 

included, such as scatter graphs, if there was a consideration of computer-based 

activities (Ainley at al., 2001; Martins et al., 2017).  

Font et al. (2007) argue that in mathematical practices related to solving 

problems, there are multiple semiotic functions of reading or representation due 

to the need to use and operate with mathematical objects which are immaterial. 

These authors consider a typology of mathematical objects (verbal or symbolic 

expressions, properties, procedures, problems, arguments, and concepts) which 

intervene in mathematical practices, each of which can play the role of 

antecedent or consequent of a semiotic function. From these ideas, they defined 

the following levels of complexity: 

o Level 1: Graphs based on less complex concepts and procedures. 

It is a representation with values related to the variable of a 

particular case. This type of graph only allows the reading of the 

data (Curcio, 1989). 

o Level 2: It is possible to understand the structure of the data 

presented. However, although the graph provides information to 

answer questions at the level of reading data, it is not possible to 

go beyond that, or to reach the level of identifying trends. 
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o Level 3: Graph presents distributions for two variables separately 

in two graphs. Otherwise, each pair of variables is represented by 

two graphs. This strategy generally makes it difficult to compare 

variables, especially when the person constructs very different 

representations. It is considered a representation superior to level 2 

because the person can identify trends. 

o Level 4: The person can produce a graph that aggregates two 

distributions of variables. This type of graph is more complex and 

therefore allows more sophisticated types of reading, considering 

the analysis of structure, the comparison of trends between two 

variables and their variability on the same graph. 

These levels of complexity were based on empirical data and analysis 

of different types of interpretation of graphs. Analyses of these levels can be 

used as a tool to teacher education to promote to statistics educators their 

knowledge and attitudes associated with this type of statistical data represented 

in context. Arteaga (2011) articulated the types of reading pointed out by Curcio 

(1989) and the reading levels of graphs to elaborate his classification on the 

construction of graphs by pre-service teachers. Arteaga’s approach is based on 

an ontosemiotic perspective connected with different theoretical perspectives 

about mathematical knowledge and the teaching and learning of mathematics 

(Godino, 2017; Godino et al., 2007). The perspective developed by Arteaga 

(2011) emphasises the need for teacher education to explore specific contents 

related to the learning of statistics. Therefore, teachers need to produce and 

expose their own ideas and skills regarding statistics. Borelli et al. (2016) state 

that teachers’ experiential practice in these teacher education environments can 

lead them to a closer relationship with specific knowledge because this 

knowledge would be used in their practices, creating a cyclical process between 

practice and teacher education. 

 

Competence to choose and construct graphs 

Although there are an increasing number of investigations on the 

difficulties associated with statistical graphs, most studies focus mainly on 

graphing comprehension skills, including the processes of reading, 

interpretation and construction among students and pre-service teachers. 

According to Ashraf (2014), there are only a few studies which have 

investigated in-service teachers' understanding of statistical graphs.  
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Gonzáles et al. (2011, p. 190) argue that graphing competence is related 

to teachers’ knowledge which enables them to develop activities, such as: 

o Identifying data from different types of graphs and interpreting 

them based on reading between, beyond and behind the displayed 

data in order to make hypotheses about the phenomena represented. 

o Selecting and constructing adequate graphs for specific situations, 

with or without technological support. 

o Evaluating graphs critically, assessing the potential and limitations 

of specific graphs, recognising that the construction of graphs 

involves interpretation of original data. 

Therefore, among other activities, the processes of choosing and 

constructing graphs are necessary for graphing competence, which involves 

reasoning about representations.  

Angra and Gardner (2016) developed a theoretical approach which 

conceptualises graphing competence as part of Metarepresentational 

Competence (MRC), which is associated with knowledge to construct and 

reasoning with external representations, such as statistical graphs. The 

conceptual framework on MRC was developed based on research studies 

conducted with students. MRC is based on four areas related to students' 

abilities and inabilities to choose, construct, and critically interpret graphs: 

invention, criticism, functioning and learning/reflection. The area called 

invention is associated with students' abilities which allow them to concept 

innovative graphical representations from data. The second area, criticism, is 

related to students' critical knowledge to assess different types of graphs and 

their strengths and weaknesses. The third area is functioning, which refers to 

students' reasoning to understand the purpose of different types of graphs and 

their use depending on the types of data present. The fourth area, called learning 

or reflection, reveals the students' awareness of their understanding of graphs. 

Angra & Gardner (2016) conducted interviews with university professors and 

students to identify the differences between the reasoning and quality of graphs 

constructed by them. As part of the interview, the participants were asked to 

analyse the graphs produced. The results suggested that professors focused their 

analysis on the function of graphs and the experimental task design. On the 

other hand, most undergraduate students interpreted based on their intuitions 

and data provided in the task. The results suggested that professors seemed to 

have difficulties in interpreting graphs, going no further than reading the data. 



 

 Acta Sci. (Canoas), 23(6), 28-57, Nov./Dec. 2021 35 

Arteaga et al. (2015) evaluated mistakes made by pre-service primary 

school teachers while constructing statistical graphs. The researchers analysed 

207 graphs constructed from an open task, in which the participants had to 

collect the data through a random experiment, record it on a sheet, analyse it 

and then draw intuitive conclusions about it. After this stage, the participants 

were challenged to confront their initial analysis and present a written 

conclusion. Participants had the possibility of using statistical graphs. The 

researchers carried out a classification that sought to identify whether the 

produced graphs were correct or not. They recognised different semiotic 

conflicts to the interpretations of mathematical expressions that do not 

correspond to those intended to be taught. These conflicts are due to inadequate 

relations between semiotic function terms. Participants’ conflicts related to the 

construction and selection of graphs were identified, such as choosing 

inappropriate graphs to represent data, representing inadequate variables, and 

constructing non-proportional scales. 

Alacaci et al. (2011) investigated how future teachers choose 

appropriate graphs. The participants included 51 pre-service teachers who 

initially solved tasks related to three contexts of scientific problems, and 

afterwards interpreted four graphs that represented the same quantitative data 

associated with the tasks. Teachers were asked to evaluate the adequacy of each 

graph presented and indicate the reason for having chosen one of them. Based 

on the data analysis, the researchers elaborated four categories for choosing and 

not choosing graphs: 

1. Conceptual explanation: the explanation for choosing, or not 

choosing, a specific graph explicitly referred to the type of tasks 

implied in the context. 

2. Indirect conceptual explanation: the explanation for choosing, or 

not choosing, a certain graph made an indirect reference to the type of 

task. 

3. Explanation of the structural components of graphs: the 

explanation focused on the perception of the graphs' components (for 

example, bars, dots, lines, and subtitle). 

4. Other explanations: the explanation was based on personal 

opinions or preferences (for example, I just like it, this one is good, the 

graph is very clear). 

Alacaci et al. (2011) concluded that the participants were able to 

recognise situations where the use of bar graphs, pie charts and line graphs was 
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appropriate, and to combine appropriate graphs to contexts. However, they had 

limited knowledge about scatterplots and did not recognise contexts in which 

this type of graph could be used. The authors identified that almost all 

participants commented on their favourite graph, the least preferred graph and 

some participants commented on other types of graphs as well. These results 

suggested that pre-service teachers’ explanations were based on cognitive as 

well as affective aspects. 

Carrión and Espinel (2006) carried out a comparative study between 

students of ages ranging between 10 and 12 from Spain and New Zealand. The 

authors gave the students a questionnaire hoping that they could assess the 

students’ ability to pass information from one graph to another. Scatter plots, 

box plots, stem and leaf diagrams and histograms were included in the 

questionnaires. Students were asked to select the most appropriate 

representation for the statistical data given. In the results, it was observed that 

few students were able to understand the relationships between the different 

types of graphs and transport one representation to another. According to the 

authors, the most difficult transpositions involved stem and leaf diagrams and 

box plots. 

Following the research carried out by Carrión and Espinel (2006), the 

same questionnaire was presented to a group of 40 future teachers before they 

had any classes involving statistics. The same questionnaire was then presented 

to a second group of 37 teachers after they had attended Statistics classes. One 

of more difficult tasks to be performed among teachers was to pass some 

information in text form to a graph. In this task, teachers found it less difficult 

to work with a bar graph and more difficult with a box plot. When comparing 

the responses between the two groups, an improvement was observed in the 

quality of the responses, with the second group presenting the best responses. 

From this research, the authors pointed out that, in general, there are many 

similarities between the difficulties faced by teachers and students. 

The research studies of Alacaci et al. (2011), Arteaga et al. (2015) and 

Carrión and Espinel (2006) gave evidence that there is a need to improve 

teachers’ knowledge about graphs. 
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METHOD  

Research Design 

This article aims to discuss an empirical study which investigated 

teachers’ choices and constructions of statistical graphs from the results of 

interviews. The research study was developed from a qualitative perspective 

based on interpretive and qualitative paradigms, which consider the participants 

as part of the context (Bogdan & Biklen, 2007). The data was collected in a 

municipality located in the Metropolitan Area of Recife, Brazil1.  

Research Sample  

Initially, this town had 202 teachers who were teaching 1st to 5th grade 

in 24 municipal public elementary schools. After visiting all of the schools, 132 

teachers volunteered to give interviews which would investigate their choices 

and constructions of graphs. However, only 22 teachers were available to give 

interviews. These 22 teachers had an average age of 42 years with DP = 11.1, 

with the youngest teacher being 25 years old and the oldest being 66 years old. 

To preserve the participants' identities, a code was assigned to each teacher, 

formed by the letter P followed by a number from 1 to 22 that indicates the 

teaching time. Information on teaching experience time of each participant is 

presented in Table 1:  

 

Table 1 

The time of teaching experience in years of the participants of study 2 

Teaching experience Participants Frequency 

2-5 years P1, P2 2 

6-10 years P3, P4, P5, P6, P7, P8, P9 7 

11-15 years P10, P11 2 

> 15 years 
P12, P13, P14, P15, P16, P17, P18, 

P19, P20, P21, P22 
11 

Total 22 

 

                                    
1 The study followed all ethical procedures related to research involving human beings, including the 

signing of free and informed consent form by the participants. 
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Most of the participants had a degree in Pedagogy. Only 3 teachers had 

other degrees, namely in Biological Sciences (P4 and P10) and Psychology (P8), 

while participant P18 had three different degrees (Mathematics, Pedagogy and 

Psychology) and participant P11 had only technical training in education. 

Among the participants, 18 teachers had a specialisation course (post-

graduation course) and only one is an educational science master. None of the 

post-graduation certificates was related to statistical education or mathematical 

education. 

Research Instruments and Procedures  

The instruments used were semi-structured interviews about the choice 

of graphs used in the classroom and a task presenting statistical data for the 

construction of graphs by the participants. The interviews were recorded on 

audio and had an average time of 50 minutes. All interviews were transcribed 

as whole.   

 

Figure 1 

Task form to choose a graph: context 1. 

Context 1 

1) Observe the following information: 

Day Max. temperature (ºC) Min temperature (ºC) 

26-April 30 25 

27-April 30 26 

28-April 30 26 

29-April 30 26 

30-April 28 27 

1-May 27 25 

2-May 30 24 

3-May 30 24 

5-May 29 23 

6-May 30 24 

 

2) The data above show the record of maximum and minimum temperatures in the city of 

Recife over a 10-day period. If you had to represent this data on a graph, which one would 

you choose and why? 
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Figure 2 

Task form to construct a graph: context 2. 

Context 2 

 

1) The following data were grouped into classes and present scores from a test 

(which was scored from 0 to 100) taken by participants in a contest. 

 

Scores Absolute frequency 

 

20 to 29 6 

30 to 39 36 

40 to 49 52 

50 to 59 46 

60 to 69 36 

70 to 79 12 

80 to 89 20 

90 to 99 15 

Total 223 

 

2) If you had to represent this data on a graph, which one would you choose and why? 
 

This article addresses the constructions of teachers based on the second 

instrument, in which teachers analysed two statistical data sets inserted in two 

different contexts: the first involving the measurement of the temperature of a 

city over 10 days, and the second related to the frequency of candidates’ scores 

for a test (Figures 1 and 2). These situations were adapted from Martins and 

Ponte (2010).  

Context 1 presents data related to continuous variables: the maximum 

and minimum temperature over 10 consecutive days. The most adequate graph 

to represent these data would be a line graph because it is appropriate to 

represent the way a variable evolves in relation to another variable (Martins & 

Ponte, 2010). The expected answer for context 2 would be a histogram because 

the data is represented in intervals. 

 

Data Analysis 

The audio-recorded interviews were transcribed and, with the speech 

protocols created, a content analysis was performed. The content analysis is, 

according to Bardin (1977), a set of data analysis techniques that aims to 
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identify the content of the messages through systematic procedures. The theme 

can be understood as the unit of meaning that is freed from a text according to 

the theory that serves as a guide to the researcher's interpretations. Thematic 

category analysis technique was used, which synthetically consists of the search 

for theoretical or empirical categories, responsible for the specification of a 

theme. Regarding the constructions of graphs, these were classified according 

to their level of semiotic complexity and the main reference was the study 

carried out by Arteaga (2011). The data analysis aimed to classify teachers’ 

skills concerning their choice of graphs, as well as their construction, based on 

the framework of metarepresentational competences (MCR) by Angra and 

Gardner (2016).  

 

Reliability of the Study 

In this research, efforts were made to increase the reliability of the study. 

After transcribing the answers and before the graphs constructed by the teachers, 

the first investigator attributed an open code to the fragments of each answer. 

These codes, of a descriptive nature, sought to highlight the central meaning of 

the responses of each participant. Then, the first investigator, together with a 

second investigator, organised these codes into categories. Then, the two 

researchers discussed these categories to verify whether they were valid, given 

the complete responses of the study participants. From this, the categories were 

revised and refined, generating clearer definitions. After a consensus among the 

investigators, the first investigator analysed all the responses of the participants 

in the last stage of the codification process. The second investigator confirmed 

the analysis of the first coder, discussing all divergences until reaching a 

consensus. From this, the categories built around the teachers' reasons for 

choosing the graphs and also the levels of complexity of each representation 

were confirmed and validated.  

 

RESULTS  

Teachers’ justifications for choosing statistical graphs 

Regarding the reasons listed by teachers for choosing graphs, two 

categories were found. Only one teacher claimed not to know for sure what the 

reason for choosing the graph for context 2 was. All other teachers justified 

their choices of graphs related to contexts 1 and 2.  
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For context 1, involving the measurement of temperatures in a city, 

only one teacher chose to construct a pie chart, 9 teachers chose line graphs, 

and 11 teachers chose bar graphs. Only one teacher did not choose any type of 

graph. Regarding the results associated with context 2, the frequencies for each 

type of graph were: bar (13), pie (4), line (1) and dot (1). Three teachers were 

unable to construct the type of graph which they chose. Although the adequate 

graph would have been a histogram, nobody chose to construct this type of 

graph. 

Despite some teachers being unable to represent the type of graph they 

had chosen, most teachers justified their choices. Teachers' arguments for 

indicating the types of graphs in the two contexts were grouped into two 

categories: Firstly, familiarity and facility to represent the type of graph, and 

secondly, the elements which comprise the type of graph. Those who did not 

explicitly recognise reasons for choosing the representation were considered in 

the category do not know. 

The first category relates to the idea of choosing due to a previous 

experience with the representation. The following excerpts from the interview 

exemplify this category of teachers’ arguments: 

I only work with the bar, I choose the bar. It is easier for me 

too (P17, context 1). 

It's easy for me to read. Maybe the circled one, I couldn't 

read. But the line for me is easy to read (P7, context 1). 

The second category relates to how a graph could meet the 

representational needs of that statistical data set. The teachers emphasised that 

the structural elements of the graph allow better representation, such as bars 

and oscillations. The following excerpts illustrate those responses: 

The bar one goes well. Because, precisely, you will be able to 

name each bar as high as it went and put the score...You can 

put the frequency of people and in the horizontal part, (you 

put) the score. I understand that you can do it like this. That is 

why I think the bar one would fit well. (P11, context 2) 

Because the bars...at least horizontally, it will give a greater 

sense of temperature, especially if they are coloured. One blue 

and one orange for the maximum. It could make 

understanding easier. (P4, context 1) 
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Precisely because it will be able to show these oscillations, 

right, time goes... time goes up, time goes down, right? (P11, 

context 1) 

Figure 3 

The distributions of responses related to reasons for choosing graphs by type 

of graph context 1. 

 
 

Figure 4  

The distributions of responses related to reasons for choosing graphs by type 

of graph context 2. 
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Graphs on Figures 3 and 4 present results which combine information 

from interviews and the chosen graph to represent data from contexts 1 and 2: 

Regarding context 1, which presented the temperatures of a city, there 

were a total of 22 justifications offered by teachers for choosing a graph to 

represent such data, 11 of which were associated with category 1 related to 

familiarity and facility, and 11 related to category 2 on graph elements.  

 

Graphs constructed by participants 

Only three teachers were unable to construct a graph: one participant 

did not construct any graph for the two contexts, while two participants were 

only able to represent one of the contexts. A total of 40 representations were 

produced by the participants: 21 graphs were related to context 1, and 19 graphs 

associated with context 2. The information related to the construction of graphs 

in the two contexts is summarized in Table 2: 

Table 2  

Frequencies of types of graphs constructed by the participants in contexts 1 

and 2. 

 

The analysis of 40 representations constructed by teachers related to 

the two contexts provides classification at levels 2, 3, 4 (Figures 5, 6 and 7), 

and a graph was identified at an idiosyncratic level (Figure 8). 

 

Types of Graphs  Contexts Total 

Context 1 (f) Context 2 (f)  

Bar graph P1, P4, P8, 

P13, P17, 

P22 

11 P4, P7, P15, P21, 

P22, P2, P5, P9, P10, 

P11, P14, P18, P19 

13 24 

Line graph P3, P7, P15 9 P13 1 10 

Pie chart P21 1 P1, P8, P17,  P6 4 5 

Dot plot - 0 P3 1 1 

Do not Know/None P16 1 P16, P12, P20 3 4 

Total  22  22 44 
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Figure 5  

Example of graph classified on level 2 according to the semiotic complexity 

levels. 

 
Figure 6  

Example of graph classified on level 3 according to the semiotic complexity 

levels. 
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Figure 7  

Example of graph classified on level 4 according to the semiotic complexity 

levels. 

 
 
Figure 8  

Example of graph classified on idiosyncratic level according to the semiotic 

complexity levels. 

 
 

An analysis of Figure 8 shows that the representation classified at the 

idiosyncratic level is logical in the form of presentation of the values for each 

axis, with a connection between the values of the X and Y axes.  
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Figure 9  

The distributions of semiotic complexity levels for types of constructed graphs 

for context 1. 

 

Figure 10  

The distributions of semiotic complexity levels for types of constructed graphs 

for context 1. 
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In context 1, a greater number of teachers who constructed line graphs 

were able to construct more complex representations (Figure 9). On the other 

hand, the teachers who constructed bar graphs presented graphs with more 

elementary levels of complexity. 

A significant number of participants (13) constructed bar graphs in 

context 2. Therefore, the criterion adopted to classify the same type of graph at 

level 2 or level 3 was related to the teachers' knowledge concerning the 

representation of data distribution. Some teachers, when inverting the order of 

axes, presented a trend that did not match the values presented in context 2 

(Figure 10). 

Figure 11 (A) is an example of a bar graph made by professor P18 

which, despite adding two variables, does not allow the differentiation of 

maximum and minimum temperatures, since there are no distinctions between 

bar colours. Other elements that make it difficult to read the graph refer to the 

absence of labels, axis title, graph title, and proportionality of scale. 

 

Figure 11  

A) Bar graph produced in context 1 and classified at level 2; B) Line graph 

produced in context 1 and classified at level 2. 

A)                                                                B) 

 

 

Figure 11 (B) presents a line graph constructed by teacher P5, which 

represents two continuous variables in a suitable type of graph. The reading of 
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data trends was difficult due to scale with temperature having been represented 

in the class axis, as well as for not having differentiated lines or determining a 

title for the axes. Some teachers did not understand how the scale should be 

presented on the X or Y-axis. This difficulty was seen among teachers who 

chose bar graphs, dot plots and line graphs. 

According to results related to the reasons for teachers to choose 

statistical graphs, presented in the previous section (Figures 3 and 4), it was 

observed that for context 1, teachers also justified that their familiarity with the 

representation was the reason for having chosen the bar graph as the most 

appropriate to represent the data. However, when viewing the distribution of 

reasons concerning the types of graphs chosen, it is clear that the arguments for 

choosing the bar graph in context 1 are more related to category 1, suggesting 

that familiarity or facility in constructing this type of graph was an element that 

influenced the choice. Also, this type of graph was the most chosen among 

teachers in both contexts, even when the data showed trends and variations that 

could be better viewed with other types of graphs. 

Teachers’ responses classified in category 1 in context 1, included not 

only bar graphs, but also line graphs and pie charts. Teachers’ justifications 

included in category 2 related to only two types of graphs: bar and line. There 

were also more teachers who chose line graphs among those teachers’ 

justifications classified in category 2, this graph being the most adequate to 

represent the data in context 1. It suggests that teachers’ justifications associated 

with graph elements were more precise in their choice. 

Most of the teachers’ justifications to context 2 included bar graphs. 

This representation was the most chosen both among teachers who gave reasons 

related to familiarity and among those who justified their choices by graph 

elements. However, in contrast to context 1, the choice for the bar graph was 

more associated with category 2. This may be related to the types of data 

presented in context 2 (Figure 2). Therefore, in context 2, it seemed more 

evident that teachers' choices were associated with the relationship between the 

data presented and elements of the chosen graph. 

Some teachers chose representations that they were unable to construct. 

These teachers, even considering that the selected type of graph was familiar 

or easier to represent, were unable to construct it. Even graphs which are 

considered as easier have a level of complexity to construct (Contreras et al., 

2017). Therefore, being familiar with a representation does not enable people 

to know how to construct or critically evaluate it. 
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However, the representation does not have components such as titles, 

lines or bars, which prevents adequate reading and classification. The graph 

classified as level 2 indicates one or more variables, but it is not possible to 

identify the frequency distribution, as the data set suggested. Therefore, it is 

possible to have scale inversion (Y-axis) for categories (X-axis). The example 

of the graph at level 3 represents trends, but instead of representing all variables 

in one graph, there are two different representations, each one with a variable. 

Finally, the example of level 4 includes all variables from the same data set in 

a single representation and presents the frequency distribution correctly. 

After analysing the participants' responses for context 1, 21 graphs 

were identified: 8 (double bar graphs), 3 (single bar graphs), 9 (line graphs) and 

1 (pie chart). The classification by level of complexity in context 1 identified 

the following: 2 graphs had idiosyncratic complexity level, 7 graphs (level 2), 

2 graphs (level 3) and 10 (level 4). 

19 graphs were classified for context 2: 13 (bar), 4 (pie), 1 (line) and 1 

(dot). In the classification by level of complexity: 10 graphs (level 2), and 8 

(level 3). Since it was only necessary to use one variable to answer the task of 

context 2, level 3 would be the highest that could be reached. In Figure 4, the 

distribution of types of graphs based on semiotic complexity levels in each 

context can be observed. 

The classification presented in Figure 4 is further supported by the fact 

that the bar graphs constructed in context 1 did not correctly allow an analysis 

of data trends, both because of continuous variables requiring another type of 

representation and because of some teachers’ difficulties to differentiate context 

1 variables when constructing their graphs.  

Regarding responses to context 2, there was a higher frequency of pie 

charts. It is possible to infer two possible factors that caused these results: 

context 2 proposes a variable, and teachers have difficulty in representing 

interval data on a scale. Therefore, the option to represent data in a pie chart 

overcame the need to add scale to representation. Despite this, the choice for 

this type of graph did not easily allow the visualisation of trends in the context 

2 data, as these constructions were classified in level 2 of semiotic complexity. 

 

DISCUSSION AND RECOMMENDATIONS  

This article aimed to analyse aspects of in-service teachers’ knowledge 

about statistical graphs based on their reasons for constructing statistical graphs. 
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The research study intended to contribute to understanding the difficulties 

experienced by teachers while they are teaching about graphing. 

The methodology was comprised of the following data collection 

instruments: semi-structured interviews about the choice of graphs to use in the 

classroom and a task presenting statistical data for the construction of graphs 

by teachers. This article addresses the constructions of teachers based on the 

second instrument. 

The analysis of the semiotic complexity of graphs constructed by 

teachers and their reasons to choose such graphs indicated participants’ 

difficulties associated with the construction of the chosen graphs since 20 of 40 

representations had low levels of semiotic complexity (from idiosyncratic level 

to level 2). Also, some participants were unable to produce any type of graph 

and had difficulties to read trends from data. This result corroborates the idea 

pointed out in previous studies that the construction of graphs is not a simple 

task (Arteaga, 2011; Angra & Gardner, 2016, 2017, 2018). 

Teachers chose bar graphs even when the representation was not 

adequate to display the data. Their justifications for such choices were based 

on their familiarity with the bar graph or its supposed ease of construction. 

Different mistakes were observed in the participants’ chosen representations, 

such as the proportions of bars and scales, the absence of naming titles and 

graph axes. These difficulties, associated with the construction of graphs, can 

be complementary to the analyses of their semiotic complexity since such errors, 

when identified, can help explain difficulties in using a graph.  

Recommendations 

When comparing the results from this study with the results of Arteaga 

(2011), it is possible to corroborate his categories to classify the semiotic 

complexity of graphs produced by teachers and another category could be 

added related to an idiosyncratic level. The data analyses emphasise the idea 

that the difficulties faced by teachers in pre-service teacher education do not 

seem to be overcome when they are in-service. Based on these results, it is 

recommended that mathematics and statistics teacher education should develop 

the understanding of aspects related to the choice and construction of graphs 

associated with different types of statistical data. Teachers need to have 

continuing teacher education which promotes the analysis of actual teaching 

practices to allow teachers to understand and overcome their difficulties related 

to the tasks of choosing and producing graphs with their students. 
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Further research 

The present research offers a series of new questions about the 

investigated problem. One of the aspects that could be further explored in 

further studies might be the influence of textbooks regarding activities with 

statistical graphs to identify which types of graphs and activity approaches are 

suggested to teachers. It is crucial to understand teachers' possibilities to choose 

such activities to understand how to propose and develop tasks which could be 

improved. 

Further studies should apply new questionnaires which explore 

teachers’ knowledge about statistical graphs, including elementary graphs such 

as bar graphs, line graphs, pie charts, and dot plots, as well as more complex 

graphs, such as histograms, box plots and scatter plots. 

It is also interesting that new studies can develop analyses which 

connect teachers’ technical skills with pedagogical skills based on data 

collected from actual classroom activities involving the choosing and 

constructing of graphs. This further research should be based on 

methodological procedures of observation which enable researchers to identify 

other kinds of teachers’ justifications for choosing graphs. Therefore, it would 

be possible to compare whether having a more sophisticated competence for 

choosing and constructing graphs contributes or facilitates the process of 

conducting statistical research in the classroom.  

The study was comprised of research tasks to be solved only with the 

support of pencil and paper, since this was the major resource among teachers 

to conduct their classes with graphs. However, other resources can differently 

support the construction of graphs. For example, computer-based research tasks 

can provide different possibilities to construct statistical graphs.  

Limitations 

The data analysis suggested three limitations for this study which need 

further investigation in future research studies. The first limitation is related to 

the context 2 task, for which no teacher chose the most appropriate graph to 

represent the data: namely the histogram. This result raises questions 

concerning teachers’ knowledge levels about histograms. Similarly, this can be 

a questioning element for other types of graphs chosen by teachers. Therefore, 

further studies should contribute to explain whether teachers’ knowledge levels 

about the types of graphs influences their choices. 
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The second limitation of this study is associated with the fact that it was 

requested that teachers respond to a protocol for choosing graphs with specific 

scenarios and predetermined by the researchers. We believe that this can be a 

limiting aspect to understand the complexity of teachers’ choices. It is possible 

that other variables could influence the process of choosing statistical 

representations by teachers, such as issues that involve the curriculum and 

students' learning. 

A third limitation is related to the research sample itself. The 

participants represent a small sample of Brazilian teachers when the vast 

diversity of national territory is considered. For example, the fact that state and 

municipal elementary education networks conduct in-service teacher education 

autonomously can be an important variable. It is possible that certain 

municipalities may prioritise more training related to statistical topics than 

others. If there were samples from different regions of the country, it can be an 

important methodological procedure to identify elements that can contribute to 

understanding other specificities about the activity of choosing and 

constructing graphs in classroom tasks.  

 

CONCLUSIONS  

The main objective of this article was to analyse the choices and the 

construction of statistical graphs among early years teachers. The analyses of 

participants’ choices were not only based on the identification of chosen graphs 

but also considering teachers’ arguments to validate those choices. In order to 

analyse the construction of the chosen graphs, the level of semiotic complexity 

of graphs was assessed. We observed that the participants had difficulties 

constructing and choosing graphs based on statistical data, corroborating 

previous investigations on the complexity of these tasks. 

The participants chose statistical graphs considering their familiarity 

and the ease with which some types of graphs are constructed, as well as 

analytical aspects associated with the representation of data. It seems that the 

justification related to how difficult it was to construct certain types of graphs 

influenced choices of graphs that were not adequate to represent the data 

associated with the tasks. This suggested that the specific knowledge about 

graphs needs to be developed in mathematics and statistics teacher education 

to allow teachers to make more conscious decisions regarding graphing tasks. 

This study motivated further research to discuss the most effective 

ways of developing teachers’ graphing understanding which considers different 
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types of graphs and their selection for pedagogical purposes. The improvement 

of early years teachers' understanding of statistics is relevant to promote 

statistics teaching which relies on a deeper knowledge of this area of study. The 

results emphasised the idea that it is necessary to discuss the work with graphs 

through pre-service and in-service elementary school teacher education. 
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