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With the aim of contributing to the study of the statistical knowledge of pre-service primary school teachers, here we present the creation of a system of categories of analysis to characterize the written reports of a group of students who carried out a task that reflected the five stages of the statistical investigative cycle. The analysis answers to a deductive/inductive process, since we look at the theory to understand our data and, at the same time, themes emerge that had not yet been described in the literature. Our contribution is a system of categories for the characterization of the statistical investigative cycle, which consolidates, refines and extends what has been published so far. The proposal presented here may be useful not only for researchers and teacher educators, but also for pre-service teachers themselves to understand the investigative cycle.

Introduction and theoretical framework

In recent years the Spanish national curriculum has included statistics from the first year of primary school. At the end of compulsory education, students are expected to be able to formulate questions, select and use statistical methods, and draw conclusions based on data. It makes sense to assume that if this is what students are expected to achieve, teacher educators should train future teachers to be able to create educational instances focused on the development of such competences. [START_REF] Batanero | El sentido estadístico y su desarrollo. Números[END_REF] define statistical sense as the whole of statistical culture and statistical reasoning. This definition is based on the constructs of statistical literacy [START_REF] Gal | Adults' statistical literacy: Meanings, components, responsibilities[END_REF] and statistical thinking [START_REF] Wild | Statistical thinking in empirical enquiry[END_REF], including the idea of statistical reasoning as well as the fundamental ideas to be developed in statistical education. [START_REF] Wild | Statistical thinking in empirical enquiry[END_REF] propose four dimensions to characterize statistical thinking: the investigative cycle, types of thinking, the interrogative cycle, and dispositions.

Dimension 1, the investigative cycle represented in Figure 1, involves five stages consisting of problem, plan, data, analysis and conclusions. Dimension 2 includes types of thinking, and here [START_REF] Wild | Statistical thinking in empirical enquiry[END_REF] establish a general type and types fundamental to statistical thinking. In the latter, we find: a) recognition of the need for data to solve a problem that involves statistics; b) transnumeration corresponding to the idea of changing the format of the data in order to obtain new information; c) variation, which consists of noticing that variation is present in all the aspects of a problem involving statistics; d) a distinctive set of models; e) integration of context, statistical knowledge, and information on the data. Dimension 3 corresponds to the interrogative cycle, which involves five phases: imagining possible plans of attack or generating explanations, searching for information and ideas, interpreting, checking against reference points (criticizing), and deciding what to believe or discard (judging). Finally, dimension 4 involves dispositions, which include skepticism, imagination, curiosity and awareness. With the long-term aim of contributing to the understanding of the statistical knowledge of students starting on a primary school teacher education program, here we present the development of the system of categories used to characterize how a group of pre-service teachers approached the stages of a statistical investigative cycle (hereafter referred to as IC). Our contribution is a system of categories that consolidates, refines and extends the existing theoretical ideas.

Instrument and data collection

According to [START_REF] Wild | Statistical thinking in empirical enquiry[END_REF], the IC is a coherent structure that links the different dimensions of statistical thinking. Since the aim of the present study was to create a tool to characterize the way pre-service primary teachers developed an IC, we set an activity that guided them explicitly through an investigative process. The activity consisted of six steps. The first five steps were related to the proposal of [START_REF] Wild | Statistical thinking in empirical enquiry[END_REF], and in the sixth step we asked the students to reflect upon the activity, identifying strengths and weaknesses of the investigative process they had carried out. The activity proceeded as follows:

1. Define a topic of interest and a research question. 2. Justify the relevance of the research topic and of the research question. 3. Develop a data collection tool, justifying its construction and the questions that comprise it. 4. Analyze the data and present results. 5. Give a possible answer to the research question and establish conclusions. 6. Evaluate and reflect upon the whole process, identifying strengths and weaknesses.

In February 2017, 134 students who had just started their four-year program in primary teaching at the Autonomous University of Barcelona were organized into 34 working teams of three or four members and developed the proposed activity in six 90-minute sessions. Our data consists of each team's written output, complemented by the classroom observations collected by the first author. This output is associated with a number: for example, G3 corresponds to Group 3.

Analysis

The analysis took a deductive/inductive approach. First, in line with [START_REF] Wild | Statistical thinking in empirical enquiry[END_REF], we grouped data according to the different stages of the IC and the components of each stage (already shown in Figure 1). The process was deductive in that, for each component, we looked for theoretical references to explain our data and from there we tried to organize it according to the theoretical specification of the component. While coding and grouping units of meaning according to their similarities and differences, themes emerged that had not yet been described in the literature. In this sense, the analysis process was also inductive.

Next, we present the analysis for each stage, and for each componentwritten in italics in the textwe introduce the categories used or created for our analysis. When the category is related to existing theory, we quote the reference. The references are introduced here rather than in the theoretical framework because we understand that they are part of our analytical framework. When the categories arose from the data, they appear underlined in the text, and together with the name given to the category we present a definition and examples where necessary.

IC analysis: PROBLEM

The initial stage of the IC involves two components, with the first one capturing the dynamics of the context. Before defining the research problem, the teams justified their choice of research topic. Thus, an initial category aroseresearch rationalewith different subcategories:

 Relevance: their selection of the topic was justified by its relevance in the context. "We believe that reading is an essential source of knowledge. As future teachers, it would be important for us to spread the enjoyment of reading to the students. Therefore, we would like to know the literary preferences of our classmates." (G1)  Curiosity: their selection responded to their own curiosity about some aspect of their context, with no justification of its relevance. "By quickly observing our classmates, we detected that there are people wearing make-up and people that aren't. We would like to dig deeper into the main reasons that have led them to wear make-up and find out at what ages they started to do so." (G8)  Unspecified interest: they stated that they were interested in the topic, without specifying why.

"We have chosen this topic because it interested and motivated all the team members." (G30)

When analyzing the component problem definition, we organized the written reports according to the preciseness of their problem formulation, creating three categories:

 Focus: the formulation established the topic they prioritized in their research.  Purpose: the formulation established what they wanted to know about their topic of interest; however, they did not necessarily formulate a research question as such.  Research question: they explicitly stated the research question that guided their investigation.

The definition of the problem could include some or all of these elements, as can be seen in the sentence we use to exemplify the different degrees of preciseness: "The topic we covered was books. More specifically, the interest in reading [focus]. The relevance of the chosen topic lies in the fact that for us, as future teachers, it would be interesting to find out how keen our classmates are on reading [purpose] so that we can influence future generations. Once we have chosen the topic, we will focus on the research question: Are we interested in reading? [research question]" (G10).

On looking at the nature of both the purpose and the research question and taking into account [START_REF] Makar | Teaching teachers to teach statistical investigations[END_REF], we distinguished two subcategories that respectively included questions that either were or were not statistical in nature, depending on whether or not statistical work was involved. Regarding the type of research questions, we organized our data according to the three types put forward by [START_REF] Pfannkuch | Developing statistical thinking in a secondary school: A collaborative curriculum development[END_REF]. Each type generated its corresponding category. Thus, both the research questions and purposes collected were organized into three categories: summary, comparison and relationship. Furthermore, as proposed by [START_REF] Arnold | Statistical investigative questions -An enquiry into posing and answering investigative questions from existing data[END_REF], the first two, summary and comparison, could have been further subdivided according to [START_REF] Arnold | Statistical investigative questions -An enquiry into posing and answering investigative questions from existing data[END_REF] proposal.

IC analysis: PLAN

In this stage, our data did not allow categories to be established within the hypothesis formulation component. Regarding the data collection instrument, we observed that all groups used questionnaires with questions that were either open-ended or closed-ended. Thus, we created a first category, format of questionnaire, which is subdivided into three, closed-ended, open-ended or mixed, depending on whether all the questions in the questionnaire were of the first or second type, or a combination of the two. We created a second category, type of questions, which generated two subcategories, sample and aim. In turn, these were further subdivided.

 Sample: included the questions that referred to the population under study:

 Characterization: those questions whose purpose was to collect information on the variables that characterized the population under study, such as age or gender.  Selection: questions intended to distinguish between those participants who could provide information to adequately answer the research question and those who could not. "¿Are you currently reading by choice?" (G1) [It did not make sense to ask those who did not currently read willingly to continue answering the questionnaire].  Aim: included the questions intended to obtain information related to the research topic:

 Target: included those aimed at gathering information to answer the research question.  Satellite: included those questions that did not ask for information crucial to the investigation, but which might complement it: "At school, did they motivate your interest in reading? (G10)  Redundant: included those questions that did not contribute anything to the research topic.

IC analysis: DATA

In this stage of the cycle, we identified two techniques that generated two categories with regard to the data collection component: ticking options in a table that anticipated possible answers, and listing answers, copying them as provided by informants. Regarding the component data cleaning, we observed that some groups identified and separated the data provided by informants who did not belong to the sample, either visually or non-visually. For instance, in Figure 1, we see how the students separated the answers given by the teacher and the observer by placing them outside the table, since they were not part of the target population. 

IC analysis: ANALYSIS

At the outset, we saw that in this stage we had to consider a component previously unspecified in the literature, namely initial data processing. Within this component, we observed that the teams either recorded frequencies (absolute and/or relative) of answers to closed-ended questions or constructed categories from the answers to open-ended questions. When the transnumeration component [START_REF] Wild | Statistical thinking in empirical enquiry[END_REF] appeared in the reports, we observed two types of format change which gave rise to the following categories: numerical representations (percentage, centralization measures) and graphical representations (bar graphs, histograms and pie charts).

IC analysis: CONCLUSIONS

In this stage of the cycle, we constructed two categories related to the interpretation of results component: graphical representations and numerical representations, strictly linked to the type of format change of their analysis. To organize our data within the first category, we followed [START_REF] Gea | Interpretación de gráficos estadísticos por futuros profesores de educación secundaria[END_REF]. Thus, we established four subcategories, namely reading the data, reading between data, reading beyond data and reading behind data.

To describe how the written reports that fall into the category of numerical representations reached their conclusions, we looked at two aspects that generated a new category each. The first category, approach, was further subdivided in two, partial and relational, depending on whether the conclusions referred to the numerical results considered one by one, or whether they related the different results obtained, giving more complex answers to the research question.

The second category was related to meaning conveyance and concerned the character of each team's conclusions. It was split into two further categories:  Descriptive: their conclusions only consisted of showing percentages, absolute frequencies or measures of centralization, without any further interpretation: "Question 3: of the 69 persons surveyed, 73.9% prefer to study on their own, 18.8% choose to study with another person." (G34).  Interpretative: their conclusions were interpreted in relationship with different elements:

 Context: they interpreted their results by integrating information about the context. "We think that this low percentage could be caused by the rise of new technologies, compulsory reads in primary and secondary school, and the little free time available." (G1)  New information: when interpreting their results, they incorporated new information encountered during data collection "We have observed that younger people start drinking alcohol at a younger age, while older people took longer to try it." (G18)  Beliefs: they interpreted their results on the basis of their own beliefs. "We believe this may be due to a change in mentality. A pet is no longer seen as a toy but as a responsibility." (G3) Since the team's results showed that 85% of the surveyed people had had a pet at some point, and 50% of the surveyed population currently owned a pet, this unit of meaning would also be an example of the relational category.

Finally, for what refers to the relationship between conclusions and the research question component, several categories arose depending on whether the conclusions answered, partially answered or did not answer the initial research question or purpose, thus allowing the teams to complete or not the IC. Regarding the critical reflection of their process, we observed that they identified strengths and weaknesses, focusing their criticism essentially on the data collection tool they had constructed. Some teams also made suggestions for improvements to their own IC.

Results

For the purposes of this paper, we are neither interested here in determining how many groups there were in each category, nor in characterizing the work of the different groups, but rather in highlighting the categories as a set. Thus, our main result is a category system that refines, consolidates and broadens the characteristics appearing in the literature. We note the inclusion of two new components: in Stage 4, initial processing of data, and in Stage 5, criticism of their own work process. Table 1 shows the new study categories on a grey background. 

Conclusions

An IC requires having and applying statistical knowledge, completing its stages and thinking statistically. It is a complete structure and we found it useful for the description of the statistical knowledge activated by future teachers when they face a task that reflects an IC. In this paper, we present the creation of a system of categories of analysis based on existing theory and the data we collected, consisting of the written reports of a group of pre-service teachers.

In the process of generating categories we observed the same phenomenon as [START_REF] Wild | Statistical thinking in empirical enquiry[END_REF] in the sense that "The thinker operates in all four dimensions at once" (Wild & Pfannkuch, 1999, p. 225). Our proposed analysis revolves around the first dimension, but to interpret our data we need the support of the other three. Thus, the idea of transnumeration included in the second dimension is key to our interpretation of the analysis stage. Likewise, the idea of integration of context, statistical knowledge, and information on the data, is essential if we are to interpret the conclusion stage. Similarly, the stage of searching for information and ideas and the stage of criticizing and judging, both part of the third dimension, are linked to the generation of categories, within data collection and interpretation of results respectively. Likewise, the fourth dimension, which involves dispositions, is key to the criticism of the teams' own work processes, a new component that emerged from our analysis.

As far as our new system of categories is concerned, we would like to point out that it is not a closed object, since it can be modified or expanded to analyze data obtained from other groups of students (at this and other educational levels) when constructing their own investigative cycles. Furthermore, the subcategories should include the knowledge and processes that we would like our students to have at their disposal as teachers. Meanwhile, the categories may already be useful to researchers when approaching the characterization of statistical knowledge and to teacher educators when identifying their student-teachers' starting point and interpreting their responses.
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 1 Figure 1: Visual recording of data provided by informants who did not belong to the sample
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	Components		Categories	
			Stage 1: PROBLEM	
	Capture the dynamics of the context	Rationale	Relevance Curiosity Unspecified interest	
		Focus		
	Problem definition	Purpose	Nature	Statistical Non-statistical
		Research question	Type	Summary Comparison Relationship
			Stage 2: PLAN	
	Hypothesis formulation			
			Closed-ended	
		Format	Open-ended	
			Mixed	
	Data collection instrument	Type of question	Sample Aim	Characterization Selection Target Satellite
				Redundant
			Stage 3: DATA	
	Data collection	Techniques	Ticking options Copying answers	
	Data cleaning	Visual Non-visual