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Recent approaches to statistics education situate the teaching and learning of statistics within cycles of statistical inquiry. This research focuses on the first stepthe preparation of prospective teachers to pose statistical questions. We report on an investigation of prospective elementary teachers in Ireland (n=118) and Germany (n=40) as they design statistical questions. Support was provided through tutorials, think-pair activities, peer-feedback and expert-feedback. We describe the features of statistical questions posed, identify obstacles and difficulties experienced when posing questions and evaluate the effectiveness of both peer and expert feedback.

Introduction

A data analysis cycle such as the PPDAC [START_REF] Wild | Statistical thinking in empirical enquiry[END_REF]) is a structure implemented in statistical inquiries across nearly all age levels. It consists of the phases: problem, plan, data, analysis and conclusion. The first phase, posing a problem (i.e., statistical question), is a critical prerequisite to stimulate a deep and rich analysis of data. It is also critical as the quality of the questions posed informs the types of data collected, determines the representations used and influences the interpretations that can be made. Arnold (2013, p. 19) makes an important distinction between two fundamental types of questions: investigative questions and survey questions. Investigative questions are "the questions to be answered using data" (p. 19), for example 'What patterns are evident in social media use by teenagers?' In contrast, survey questions are "questions which are asked to get the data" (p. 19), for example 'How much time do you spend on social media at the weekend?' One typical misconception is posing survey questions when being asked to pose investigative questions. We concentrate primarily on the generation and development of investigative questions (which we refer to as statistical questions). Our primary research questions are: What is the quality of initial statistical questions posed by prospective teachers and how does the quality develop across several phases (first version of the question, question revised after peer feedback, question revised after expert feedback)?

Literature review

In the literature review we consider different types and categories of statistical questions. [START_REF] Biehler | Statistische Kompetenz von Schülerinnen und Schülern -Konzepte und Ergebnisse empirischer Studien am Beispiel des Vergleichens empirischer Verteilungen[END_REF] distinguishes between the number of variables included in statistical questions. An example of a one-variable question is: "What is the distribution of the variable height?" An example of a two-variable question is: "In which way do boys and girls differ in respect to the variable height?" For two-variable questions, [START_REF] Konold | Students analyzing data: Research of critical barriers[END_REF] distinguish between three different types. The first type, those investigating the relationship of two categorical variables (Are boys or girls more likely to play handball?), are termed categorical ⨉ categorical. Those investigating the relationship of two numerical variables (Is there a relation between hours spent on social media and school grades?) are termed numerical ⨉ numerical. Questions in the numerical ⨉ categorical category are referred to as group comparison questions -for example: "Do those with a curfew tend to study more hours than those without a curfew?" (Konold et al, 1997, p. 7).

These categories index descriptive features of statistical questions. A more evaluative approach is taken by [START_REF] Frischemeier | Stepwise development of statistical literacy and thinking in a statistics course for elementary preservice teachers[END_REF] who have distinguished different qualities and developed a rating system for statistical questions. In this rating system, questions that take into account two variables are rated higher than those that take into account only one variable. In the subset of onevariable questions they distinguish questions leading to a yes/no answer ("Do 60% of the pupils have a mobile phone?", p. 759), questions asking for a specific value ("How many pupils have a personal computer?", p. 759) and more general questions referring to the entire distribution ("How is the variable "mobile phone" distributed?", p. 759). In the subset of two-variable questions a similar categorization is made. Yes/No questions involving two variables are for example "Is there a difference between boys and girls in their time spent on computer use?" (p. 759) and questions aimed at working out differences in group comparison situations are for example "In which regard does computer use differ between boys and girls?" (p. 759). An example of a more sophisticated and complex statistical questions (called open and complex questions) involving two variables is "which differences exist between boys and girls in regard to their leisure time activities?" Makar and Fielding-Wells (2011, pp. 349-350) provide specific characteristics of questions for statistical investigations such as "interesting, challenging, and relevant", "statistical in nature" and "ill-structured and ambiguous" and Arnold (2013, p. 110-111) identified six fundamental criteria for what makes a good investigative question: (1) the variable(s) of interest is/are clear and available, (2) the population of interest is clear, (3) the intent is clear, (4) the question can be answered with the data, (5) the question is one that is worth investigating, that is interesting, that has a purpose, and (6) the question allows for analysis to be made of the whole group. For Criterion 1 this means that the variables are described in a clear way (with regard to the specific situation: summary, comparison, relationship) and have been correctly identified from the actual survey question. Criterion 2 focuses on the population of interest and whether learners focus on individuals, a sample or the population. Another important Criterion 3 is whether the question is clear with regard to whether it is a summary, comparison or relationship question (p. 111). Consideration of whether the question can be answered with the given data is tackled in Criterion 4. Criterion 5 deals with purpose and whether the information arising from answering the question is useful to someone. Finally, Criterion 6 investigates whether the question allows an analysis with regard to a local view (single points, single aspects) or a global view on distributions (characteristics like center, spread, skewness).

Empirical studies examining learners´ reasoning when generating statistical questions reveals that learners across all ages face problems generating adequate statistical questions [START_REF] Arnold | Statistical investigative questions -An enquiry into posing and answering investigative questions from existing data[END_REF][START_REF] Frischemeier | Stepwise development of statistical literacy and thinking in a statistics course for elementary preservice teachers[END_REF][START_REF] Pfannkuch | Developing statistical thinking in a secondary school: A collaborative curriculum development[END_REF]. In their work with secondary schools students, Pfannkuch and Horring (2004, p. 208) observed that students frequently forgot to look back to the original questions and use it to guide their discussion of the data. Switching focus to the teachers, [START_REF] Pfannkuch | Developing statistical thinking in a secondary school: A collaborative curriculum development[END_REF] stated that the "teachers tended to pose narrowly framed statistical questions according to a template" (p. 208). [START_REF] Frischemeier | Stepwise development of statistical literacy and thinking in a statistics course for elementary preservice teachers[END_REF] investigated the development of the quality of statistical questions posed by primary preservice teachers while engaged in a PPDAC-cycle while enrolled in a course on statistical thinking. One fundamental conclusion of [START_REF] Frischemeier | Stepwise development of statistical literacy and thinking in a statistics course for elementary preservice teachers[END_REF] was that the quality of a statistical investigation depends on the statistical question that was posed and subsequently stimulates the investigation. Thus poor statistical questions requiring only a yes/no answer or including only one variable, lead to short and non-sophisticated statistical explorations. Interestingly they concluded that despite the provision of feedback (peer and expert) during two stages of the study, the quality of statistical questions did not improve in a considerable way. Our study reported in this paper investigates how to support prospective primary teachers design statistical questions that motivate a cycle of statistical inquiry suitable for upper grade elementary children.

Methodology

Irish participants (n=118) were 3 rd years in a 4-year undergraduate degree. They were enrolled in a 12-week compulsory module on the teaching of statistics and probability, the first 8 weeks focused on statistics. They were taught in groups of 30-40 students, once a week for 60 minutes (in Autumn 2017). German participants (n=40) were 1 st years in a 3.5-year undergraduate degree. They were enrolled in a 14-week compulsory course on the teaching of geometry and statistics (in winter term 2017/2018), the last three weeks focused on statistics. They met twice a week for a 90-minute lecture and a 60 minute seminar. Courses in both settings were designed around the cycle of statistical investigation which focused attention on the problem, plan, data, analysis and conclusion (PPDAC) components [START_REF] Wild | Statistical thinking in empirical enquiry[END_REF]) and its' implementation in primary classrooms. A core assessment task was the design of a statistical question that would stimulate and drive a cycle of statistical investigation targeted for use with upper elementary grade children (ages 10-12). The content and sequence of the courses was similar across settings and focused broadly on: designing statistical investigations (the PPDAC cycle), types of data, samples and populations, representing and analysing data distributions using graphical visualisations, calculating and interpreting summary statistics (measures of central tendency and variability), and comparing distributions of data.

Study Design

This paper reports on the first part of the investigative cycle: the design of statistical questions. Following instruction on the cycle, participants were placed in pairs and informed that they would be required to design a statistical question, and an ensuing statistical investigation, which they would revise and develop over the course of the semester. The three-phase design consisted of:

Phase 1 (Think): Participants worked in pairs to design a statistical question (SQV1) that promoted comparison of two numerical data sets. Course content aligned with this phase, provided examples of strong and weak research questions and explored statistical components relating to question design. Phase 1 culminated with the design of the first version of the statistical questions (SQV1).

Phase 2 (Peer-feedback): Phase 2 provided peer feedback on initial questions. It was envisioned that providing and receiving feedback would develop skills in identifying desirable features of statistical questions. Each pair received the statistical questions (SQV1) of another pair and used a set of criteria (developed by the authors, Table 1) to guide analysis and feedback. Pairs recorded feedback in the form of questions or statements which were then returned to the original pairs. Phase 2 culminated with participants presenting a revised statistical question (SQV2).

Phase 3 (Expert-feedback): The goal of phase three was the construction of the final research question (SQV3) based on the provision of 'expert' feedback to all participants. Expert feedback was provided during a plenum discussion and was generic in nature in that it identified the general shortcomings, strengths and desirable features that emerged in the revised questions (SQV2). Arising from the plenum, participants revised and improve their statistical questions (SQV3).

Look at the question

Is it meaningful? Will the question sustain interest and curiosity of primary children? Is the intent clear and unambiguous? Think about the variables of interest Is the variable described clearly? Is the variable available/possible to measure? Look at the relationship between the question and the data it will generate Can the question be answered with a simple "yes/no" response [avoid these type of questions]? Will the question generate quantitative data (i.e., numbers)? Will the question motivate a focus on two data sets? Does it promote group comparison of data? Look at (or imagine) the data Can you answer your question with the given data? Is there sufficient data collected to answer the question? Is there sufficient variability in data collected (is there the potential for a wide range of possible data values)? 

Data & Data Analysis

The statistical questions at the phases SQV1-SQV3 constituted the data. Hence our analysis focused on these questions. We identified characteristics of questions posed, rated these characteristics and compared their quality across the three phases. A structuring qualitative content analysis method [START_REF] Mayring | Qualitative content analysis: theoretical background and procedures[END_REF] was used for rating statistical questions. We constructed our categories mainly using a deductive approach but also took into account inductive elements from our data as a kind of a "mixed approach" (as it is explained in Kuckartz, 2012, p.69). Due to the fundamental theoretical work (see especially [START_REF] Arnold | Statistical investigative questions -An enquiry into posing and answering investigative questions from existing data[END_REF] carried out on the generation of statistical questions (categories, criteria, etc.) we firstly and mainly used a deductive approach to use and adapt categories and constructs established from existing research studies [START_REF] Arnold | Statistical investigative questions -An enquiry into posing and answering investigative questions from existing data[END_REF][START_REF] Biehler | Statistische Kompetenz von Schülerinnen und Schülern -Konzepte und Ergebnisse empirischer Studien am Beispiel des Vergleichens empirischer Verteilungen[END_REF][START_REF] Frischemeier | Stepwise development of statistical literacy and thinking in a statistics course for elementary preservice teachers[END_REF][START_REF] Konold | Students analyzing data: Research of critical barriers[END_REF]).

The quality of statistical questions was determined using the four question components (Table 1) as an analytical frame. A structured rubric consisting of coding rules and key examples was developed and it carefully guided the assignment of a precise code to each question component. A development process was used to arrive at the components and their sub components (see Column 1, Table 2); however, its description is beyond the scope of this paper. For illustrative purposes, we will focus only on the development process for the first component "Look at the question" since it considers general characteristics of statistical questions like Question_meaningful, Question _interest, Question_clear, Question_variables and Pop_interest.

For instance Question_meaningful considers whether the question is meaningful (connected to a context, e.g., "Do female students spend more time doing homework than male students?") and Question_interest examines whether the question is interesting for primary school students from an affective point of view (e.g., "Do children with pets spend fewer time with their friends than children without pets?"). Both categories are based on Arnold's Criterion 5 (Arnold 2013, p. 111).

The category Question_clear is based on the third criterion of Arnold (2013, p. 111) that "from the question it needs to be clear if it is a summary, comparison or relationship question". Thus we determined whether each statistical question was posed in a clear and unambiguous way. A counterexample for a non-clear statistical question found in our data is for example "What is the probability that a boy in your class has glasses?" This sample question does not refer to a statistical investigation and is neither a summary nor a comparison or relationship question.

The category Question_variables is based on the categorizations and work of [START_REF] Konold | Students analyzing data: Research of critical barriers[END_REF] and [START_REF] Biehler | Statistische Kompetenz von Schülerinnen und Schülern -Konzepte und Ergebnisse empirischer Studien am Beispiel des Vergleichens empirischer Verteilungen[END_REF]. This category checks which kind of variables (categorical, numerical) are embedded in the statistical question and whether they are implemented in a single form (question with regard to a distribution of a single categorical or numerical variable) or as a combination in the statistical question (categorical vs. categorical, numerical vs. categorical, numerical vs. numerical).

The category Pop_interest is based on Arnold´s (2013) second criterion (p. 111). In this category we are interested in the language used in the statistical question and whether the focus is on an individual case, on a sample or on a population. As also mentioned in [START_REF] Arnold | Statistical investigative questions -An enquiry into posing and answering investigative questions from existing data[END_REF], the use of "a" (e.g., a boy) might indicate an individual focus, the use of "the" (e.g., the boys) might refer to cases in the sample and more general the use of "boys" might indicate a focus on a population.

Results

Looking at the question: In Phase 1, the majority of questions posed were meaningful and of interest to children (Rows 2 & 3, Table 2); however, the clarity of these questions posed a greater challenge for Irish participants (see Row 4). Improved clarity was evident across subsequent phases indicating the benefit of peer and expert feedback. By the end of the study, the majority of Irish and Germans (90%, 85%) posed questions involving two variables. A greater number of two-variable questions were posed by Germans in Phase 1 (75%) compared to Irish (44%) (see Row 5, Table 2). Furthermore, the large number of two-variable questions posed in Phase 1 by the Irish (44%) remained stable in Phase 2 (42%) indicating that peer feedback seemed to have little immediate effect. Although there was less room for variation in the German cohort, there was also very little change across the phases. Similarly (see Row 6, Table 2), while the population of interest was clear in 90% of final research questions for both groups, Germans were more successful in identifying the population of interest in Phase 1 (75% versus 58%). The lack of clarity in Irish participants' initial questions may have contributed to the lack of clarity in identifying the population of interest.

Variables in the question: Initially there was a lack of clarity in describing variables with less than 50% being successful in Phase 1 (see Rows 8 & 9, Table 2). For example, examination of the question (Pair 11, Germans) reveals the lack of clarity in the variable 'sporting activity' in terms of what will be measured and the units of measurement. The feedback phases were successful for both groups in improving the clarity of variables (see Pair 11 below). German participants still struggled for clarity in variable description at the end of the study as compared to their Irish counterparts. Are there differences in the sporting activity of boys and girls?

[Pair 11, SQV1] Are there differences in the weekly sporting activities in hours of boys and girls? [Pair 11,SQV3] Relationship between the data and the question: Exploring the relationship between the posed question and the data generated provided insights into how the question opened, or closed, opportunities for exploration of data. Compared with other categories, this category was quite stable over the three phases (see Row 11, Table 2). For both groups, the number of simple survey questions showed a small decrease across the phases. Correspondingly the number of more sophisticated questions showed small increases across phases indicating improvement in the quality of questions posed across the study. Examples of questions categorised as sophisticated in Phase 3 are below.

By how much do the shoes sizes of boys and girls in Class 5 differ? [Pair 3, SQV3, Irish]

Based on your examine of the sugar content of the fruit juices and minerals provided here, explain which drinks are more suitable for consumption. [Pair 1, SQV3, Irish]

Looking at the data: There was no requirement for German participants to submit data sets, hence we report only on Irish data for 3 of the 4 sub-components (see Rows 13-15, Table 2). In Phase 3, 95% were able to answer the question with the given data. Similarly, 95% collected sufficient data to answer the question. When the data sets were examined, the majority (92%) had sufficient structure or variability in the data (that means that a wide range of possible values are given). Both groups demonstrated a steady increase in questions that supported a global view across both phases indicating the benefit of both peer and expert feedback (see Row 16 in Table 2).

Component: Look at the question 

Table 1 : Criteria used to provide feedback on statistical questions

 1 

Discussion

When provided with appropriate structured support, prospective teachers can develop the skills and understandings to develop rich statistical questions. However, developing good statistical questions is particularly complex and requires considerable support. Multiple considerations are required. Question considerations require attention to the meaningfulness, interest, and clarity of questions in addition to the variables and populations elicited by questions. Consideration of the variable requires attention to the clarity of the variables described and the measurement of those variables. Consideration of the relationship between the question and the type of data generated is also required in an effort to ensure the data support subsequent analysis. Finally, the data themselves require consideration. Attention must be paid to the ability to answer the question from the amount and type of data generated, whether there is sufficient variability in the data and that the question supports a global view of the data. It is not surprising that some of these categories posed lesser or greater difficulty. While participants showed great expertise in addressing the meaningfulness and interest of questions and in identifying the variables available to measure, in contrast, all participants struggled initially to provide clarity when describing the variables. While the purpose of the study was not to compare the Irish and German participants, it is noticeable that German participants performed better across many of the categories in Phase 1. It appears that Irish participants invested their energies in the broader contextual dimensions of questions and in framing questions resulting in the relative neglect of the necessary statistical and content dimensions of the questions posed. The benefits of the peer-feedback process (Phase 2) are not clear from this study. On the one hand by comparing performance across Phases 1 and 2, peer review brought about improvements in some aspects of question design. It appears to have supported the revision and improvement of some question aspects, most notably in clarifying the question and in identifying the population of interest. For other components, peer-feedback did not seem to support any substantial gains in question quality particularly when selecting and identifying the number of variables embedded in the question and in bringing about improvements in the question type. The effect of feedback when generating and developing statistical questions needs further research into the future.