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To investigate middle school mathematics teachers' pedagogical content knowledge (PCK) with regard to statistical reasoning, an interview protocol was developed and used with nine teachers. This paper focuses on one of the problems in this interview protocol (Basketball problem) to illustrate teachers PCK in relation to four components: big ideas, student responses, student difficulties, and instructional intervention. Our analyses showed that levels of teachers' PCK varied in each component. Teachers had difficulties mostly in explaining student difficulties, developing instruction intervention strategies and distinguishing appropriate and inappropriate student reasoning.

Introduction

The reliability and persuasiveness of advertisements or arguments that people encounter in daily life were ensured by the statistical information [START_REF] Ben-Zvi | Statistical literacy, reasoning, and thinking: Goals, definitio ns, and challenges[END_REF]. For being informed citize ns, it is crucial to analyze and interpret such statistical information and to make inferences from them. These problem solving, inquiry, analysis, justification and interpretation skills in statistics are all related to statistical reasoning. [START_REF] Garfield | The Web-based ARTIST: Assessment resource tools for improving statistical thinking[END_REF] define statistical reasoning as "the way people reason with statistical ideas and make sense of statistical information" (p. 8). In statistics education, teachers have a critical role in helping learners develop deep conceptual understanding of statistical ideas. [START_REF] Shulman | Knowledge and teaching: Foundations of the new reform[END_REF] notes the importance of the capacity of a teacher to transform their content knowledge into pedagogically more powerful forms. [START_REF] Shulman | Those who understand: Knowledge growth in teaching[END_REF] states that the teacher content knowledge is not sufficient by itself for teaching a subject and points out the teacher pedagogical content knowledge (PCK) referring to the combination of content knowledge and pedagogical knowledge. More specifically, PCK is described as "the blending of content and pedagogy into an understanding of how particular topics, problems, or issues are organized, represented and adapted to the diverse interests and abilities of learners, and presented for instructio n" (Shulman, 1987, p. 8). In statistics education literature, the studies by Watson and her colleagues [START_REF] Watson | Establishing PCK for teaching statistics[END_REF][START_REF] Callingham | Measuring levels of statistical pedagogical content knowledge[END_REF] on examining levels of teachers' statistical PCK suggest that teacher knowledge needs to be investigated more systematically and note the need for uncovering the current state to advance the statistics education. However, there is little research on teacher knowledge particularly with regard to statistical reasoning (e.g., [START_REF] Mickelson | Primary teachers' statistical reasoning about data[END_REF][START_REF] Makar | Secondary teachers' statistical reasoning in comparing two groups[END_REF]. Thus, the aim of this study is to investigate middle school mathematics teachers' PCK related to statistical reasoning. Our research question is: In a distributio n comparison task, to what extent do mathematics teachers consider the big ideas in statistics in their reasoning, how students might reason and how they would intervene to promote appropriate statistica l reasoning?
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Theoretical framework

The notion of PCK, as noted by [START_REF] Shulman | Those who understand: Knowledge growth in teaching[END_REF], entails teachers' knowledge about both the understanding/misconceptions of students and pedagogical strategies for instruction. According to [START_REF] An | The pedagogical content knowledge of middle school, mathematics teachers in China and the US[END_REF] there is an interaction between PCK and content knowledge and between knowledge of curriculum and knowledge of teaching, and the knowledge of student thinking is in the center. Moreover, teachers' competence of making instructional interventions is considered as part of 'enacting mathematics for teaching and learning' which is one of the components in the model of PCK developed by the Teacher Education and Development Study in Mathematics [START_REF] Tatto | Teacher education and development study in mathematics (TEDS-M): Policy, practice, and readiness to teach primary and secondary mathematics[END_REF]. Accordingly, responding to unexpected mathematical issues, evaluating student solutio ns, identifying student misconceptions, providing appropriate feedback, explaining and representing mathematical concepts are amongst the essential criteria for teacher competency to achieve the goals of learning-teaching process and increase its quality. This study focuses on the knowledge of student and knowledge of instructional interventions as the two components of PCK.

The study by [START_REF] Watson | Probing teachers' pedagogical content knowledge in statistics: "How will Tom get to school tomorrow?[END_REF] focused on teachers' PCK with regard to statistical knowledge at the middle school level. The researchers identified four non-hierarchica l components of PCK. The first two components, "Recognizing Big Ideas" and "Anticipating Student Answers", reflect the link between teachers' knowledge of content and knowledge of understand ing students. The other two components, "Employing Content-Specific Strategies" and "Constructing Shift to General", involve elements of pedagogical practices that the teachers used by foreseeing the progress of student understanding. In another study by [START_REF] Watson | approaching the borderlands of statistics and mathematics in the classroom: Qualitative analysis engendering an unexpected journey[END_REF], teachers' PCK was investigated using three different problems. Teachers were asked about the big statistical ideas in each problem, possible appropriate and inappropriate student responses and opportunities provided by the problem for teaching. Teachers' responses were analyzed based on the four components of PCK developed previously by [START_REF] Watson | Probing teachers' pedagogical content knowledge in statistics: "How will Tom get to school tomorrow?[END_REF]. In our study we utilized these two studies for developing interview questions and coding teacher responses.

Method

This exploratory study focuses on one-on-one interviews with nine middle school mathematics teachers (two females and seven males). The participants were selected on voluntary basis and from two different middle schools in Denizli. Their teaching experience changes from 2 to 30 years. The national curriculum of school mathematics includes data analysis strand since 2005 but according to our classroom observations, the participants tend to teach mainly computations and procedures in a traditional way rather than to focus on developing students' statistical reasoning.

Data collection and task

Interviews with each teacher were conducted by the first author and video-recorded. These video recordings were transcribed for analysis. An interview protocol was developed to study teachers' PCK with regard to statistical reasoning. In the larger study, the interview tasks involved three different scenarios, in which teachers were asked to determine possible student reasoning and difficulties. In order to develop teacher-student dialogues in these scenarios, these problems initia lly were administered to a classroom of 6 th graders. Students' responses provided a basis for constructing the dialogues given to teachers during the interview (see Figure 3). Motivated by the design of statistical reasoning tasks used in Cobb and his colleagues' study [START_REF] Cobb | Individual and collective mathematical development: The case of statistical data analysis[END_REF] 

each problem involves

Thematic Working Group 05 Proceedings of CERME10 comparing two or three data distributions from equal and small sample sizes to unequal and larger sample sizes. And four kinds of statistical reasoning were addressed in these problems: reasoning about distribution, reasoning about center, reasoning about spread, and informal statistical inferentia l reasoning. This paper focuses on one of these problems, called Basketball Problem. In the intervie w, each teacher was initially asked to decide and explain which of the players they would choose to the school basketball team looking at the given data in Figure 1. After these questions, teachers were given a dialogue between students and teacher about the problem (see Figure 3) to examine their PCK further by the questions 6 a-d in Figure 2.

Simge: Well, there is also the probability that Cem will score more or less than that you say he would make. So you also took risk in a way. In my opinion we can do this: Arda made 15 points the most, 8 the least score. So if I sum up these two numbers and divide by 2, I will find the number 11,5 as the middle point. Baris made 19 the most and 4 the least. The middle point of these two numbers is 11,5. Cem made 14 the most and 7 the least. The middle point of these two numbers is 10,5. So I would eliminate Cem. Teacher: Well Simge, how would you choose between Arda and Baris? Simge: I would look at the highest score for both of them. Since Arda made 15 points and Baris 18 points, I would choose Baris. Kagan: As there is a difference between the numbers of matches played so far, we should look at the mean.

As the mean of Arda's score is 11,5; Baris's is 11,9 and Cem's is 11, I would choose Baris. Duygu: Baris's mean score can be high. But he performed very well in one match and very poor in another match. He has a varying performance in the range of 4 and 19 points. He is not consistent. Teacher: What do you mean by 'not consistent'? How do you conclude that he is not consistent? Duygu: When we look at the graphs we see that these scores that Baris made seem far and dispersed from each other. Arda's scores seem closer together. Arda has a varying performance between 8 and 15 points. He is more consistent than Baris. There is not much difference between Arda's average score and Baris's average score. I would choose Arda. 

Data analysis

Qualitative analysis of data was done by two researchers. Initially a number of codes were adapted from [START_REF] Watson | approaching the borderlands of statistics and mathematics in the classroom: Qualitative analysis engendering an unexpected journey[END_REF] Differently from Watson and Nathan's study, a new component called "student difficulties" was considered in the current study. In addition, "instructional intervention" was used as a more general component that covers the two components in Watson and Nathan's study, namely "Emplo ys Content-specific Strategies" and "Constructs Shift to General". "Big ideas" aspect of PCK was formed to uncover teachers' statistical reasoning by using big ideas in statistics with the addition of "code 2-statistical reasoning" to the codes in Watson and Nathan's study. Moreover, "no reason or explanation for the appropriateness of student reasoning" and "explaining the reasons for the appropriateness of student reasoning" criteria were added to code 2 and code 3, respectively, in "student responses" component. The codes in "student difficulties" component were formed as a result of the content analysis. The codes in "instructional intervention" component were formula ted as a result of the content analysis and aspects of statistical reasoning skills.

Findings Teachers' PCK level with regard to big ideas

Five of the teachers were able to reason with the big ideas in statistics (code 2 level). These teachers took into account both variability and central tendency in their comparisons of distributio ns as it can be seen in Semih's reasoning: "First we should compute their means. 

Teachers' PCK level with regard to student responses

Responses of six teachers showed an understanding of students' reasoning with appropriate explanation (the code 3 level) as seen in the answer below:

A student who reasons appropriately will firstly look at the mean. Arda's is 11,5; Baris' is 11,9; Cem's is 11. Student would look at the place where the cluster is more. Not only the cluster but also between which numbers the cluster is [pointing to the range]. His mean is high and the cluster is above a certain number, so he would choose Arda. The other three teachers' responses were identified at the other levels. For example, Eren's response was considered at the code 0 level because his answer was related to the use of representations given in the problem rather than using statistical ideas/measures for his reasoning: "Student reasoning appropriately would look at both the graph and the table, evaluate them together and choose Baris. Student who doesn't reason appropriately would only look at the graph and choose Arda." In the following quotes, Suat was uncertain about the appropriate student reasoning due to the mistrust in his own reasoning (the code 1 level) while Sema could distinguish appropriate and inappropriate student response but with inadequate explanation response (the code 2 level).

Since I had a difficulty in answering the question in this problem, I am not able to guess how students could respond. I don't even think that my answer was sound, but a student who reasons appropriately might choose Arda because of the two modes and their being close to each other. A student who reasons inappropriately chooses Baris because he makes the high score. (Suat)

Student reasoning appropriately would interpret the data looking at the The difficulty in a student who would choose Baris because of his highest mean could be the following. Students have computed the mean since primary school and so always mean stays in mind. The others [other measures of center] are introduced in the middle school. For students, the first thing they have learned seems more accurate. That is a student who chooses the extr eme values maybe do not know measures of center and spread. (Okan)

A student who chooses Baris according to highest score is looking at the players' best result. In fact the student should look at all of the results. (Suat)

Teachers' PCK with regard to instructional intervention

When teachers were asked about the kind of questions they would ask and interventions they would consider in the classroom to guide students to reason appropriately, most teachers responded at the code 0, code 1 and code 2 levels and none at the code 3 level. Since Suat's example of what he would ask to students was far from the context and irrelevant to the problem, his response was at the code 0 level. When Ismail gave the following answer: "I would ask the following question to the students who choose Baris scoring the highest: 'Guys, if you made a critique about the performances of Arda and Baris, which of them would you find successful? Why?'. If it is the final match, student may say Baris or for league matches Arda. This is important.", it was considered at the code 1 level because his response involved a use of context but not based on data. However, in the following response (the code 2 level) teacher's approach tended to involve having a discussion about the measures of center and spread within the problem context: I'd ask the student who chooses Baris due to his highest score: 'Who scored the lowest?'. Scoring the least is Baris as well. I would also ask Arda's highest and lowest scores. I would have the student find the range. Arda's range is 7, Baris' is 15. I would show that the scores Baris has made are in a wider interval. I would ask student: 'Would you choose the player who scores 4 in one match and 19 in the other or the player who scores 8 in one match and 15 in the other?' (Semih)

Identifying appropriate and inappropriate student reasoning in a given dialogue

In the given dialogue between teacher and students within the basketball problem context, only one of the teachers was able to distinguish appropriate and inappropriate student reasoning properly. This teacher (Göksel) argued that since consistency is important in this context, both mean and spread should be used in making the decision. The other eight teachers' responses were partially correct. For instance, one of these eight teachers (Suat) correctly identified student responses using both the mean and range with attention to consistency and yet he also considered the student responses using only the mean or the increases/decreases in the scores as appropriate reasoning.

Discussion and conclusion

In this study, teachers overall seem to do better in using big ideas in their reasoning and considering possible student responses on the Basketball problem. Yet, some teachers still had slight difficulties consistent with those that students might have in comparing distributions [START_REF] Cobb | Individual and collective mathematical development: The case of statistical data analysis[END_REF] and in using big ideas for solving statistical problems [START_REF] Watson | approaching the borderlands of statistics and mathematics in the classroom: Qualitative analysis engendering an unexpected journey[END_REF]. Similar to the previous find ings [START_REF] Watson | approaching the borderlands of statistics and mathematics in the classroom: Qualitative analysis engendering an unexpected journey[END_REF][START_REF] Watson | Establishing PCK for teaching statistics[END_REF]) some challenges also exist for these teachers when considering how students might reason in their decisions. In contribution to the previous research results, this study shows other challenges that most of the teachers tend to have: (1) somewhat incomplete understanding of potential student difficulties, (2) inadequacy for suggesting instructio na l intervention strategies that could help students make generalizations beyond data and (3) distinguishing appropriate and inappropriate student reasoning in the given classroom dialogue. These findings related to teachers' knowledge about student responses may not be unique to statistics teaching since they show consistencies with previous research with mathematics teachers in other mathematical topics, such as functions and undefined mathematical operations (e.g., Even & Trosh, 1995). The insufficiencies in teacher PCK both in our findings in relation to statistical reasoning and other studies by Watson and her colleagues suggest that there is a need for in-service teacher training on PCK in statistics. More specifically, teachers need to be able to anticipate possible student difficulties in statistical reasoning and develop ways to respond to them.
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 11 Figure 1: Data given in the Basketball problem in the interview protocol Next, in order to explore teachers' PCK in relation to students' statistical reasoning and instructio na l interventions, participants were asked to come up with examples of appropriate and inappropriate student reasoning in the context of given problem (see questions 1-5 in Figure 2).
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 2 Figure 2: Interview questions to elicit teachers' PCK in the context of Basketball problem
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 3 Figure 3: Part of a dialogue between students and teacher about basketball problem

Table 1 : Codes for PCK (new codes were indicated in italics) and their occurrences

 1 study to examine interview transcripts for PCK in relation to statistical reasoning and codes were assigned. During the content analysis phase new codes were created from the data. The categorizations of teacher responses were discussed and agreed on by two researchers. As a result, four components of PCK were formed as seen in Table1: Big ideas, student responses, student difficulties, and instructional intervention.

	Aspects of PCK	Codes/Levels

  Arda's is 11,5; Baris' is 11,9; Cem's is 11. Baris scored the most. I would choose Arda because of his stability. His scores are placed between 8 and 15 in the graphs. Baris' scores are placed between 4 and 19. Baris' average is not much higher than the others." Another teacher, Ebru, made her decision based on somehow a middle range in addition to the stability criteria. Her reasoning was: "I would transfer Arda. I chose a lower and an upper limit [between 8 and 15]. Even though Baris scored more points than this upper limit, from stability point of view Arda is more consistent." Other four teachers' responses were yet considered partially correct (code 1 level) because they focused on either the mean or the spread. The following two quotes illustrate code 1 level responses.

I would transfer Baris. He scored in every game, no points less than 4. By just looking at the average, it does not look bad. (Eren) Their means are close. Arda's performance is better. These data aren't adequate. I would prefer Cem. His scores are closer. I am hesitant but I don't have any reason. I said that I would choose Cem, but I wouldn't choose Baris. He scored once 4 and the other time 19. There is no consistenc y. Arda scored 10 twice, 13 twice, these numbers are closer, so more stable. I can take Arda. (Suat)

  Moreover their means are close to each other [pointing to Arda and Baris]. A student who reasons inappropriately would choose Baris scoring the highest number 19. Student reasoned inappropriately because there is only one match in which Baris scored 19, he scored 4 as well. Student should look at the whole. (Semih)

  table. By computation, he would choose Baris with the highest mean. Because we have only numbers, there is nothing else. Student who reason inappropriately would choose Baris since he scored the highest point. (Sema)When asked to explain student difficulties in their reasoning, the teacher responses mostly were inadequate and had irrelevant details (the code 0 level) as seen in Ismail's response: "A student saying 'I'd choose Baris because he scores the most number' thinks in a shallow way." At the code 1 level Okan linked student difficulty to a wider context of school practice while at the code 2 level Suat made an evaluation based on what is expected statistically.

	Teachers' PCK with regard to student difficulties
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