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Children encounter statistical data early as part of their environment, so that early statistics education receives increasing attention in the literature. There is a growing body of research providing evidence that young primary students can be engaged not only in basic activities, such as collecting first data or reading simple diagrams, but also in more sophisticated statistical activities, including argumentation based on data. For being able to provide rich learning opportunities to young students, teachers need corresponding professional knowledge, including knowledge on possible difficulties students encounter in task contexts. This contribution, therefore, focuses in-depth on such difficulties students encounter in task contexts requiring argumentation based on data. The results contribute to an empirical basis for the development of learning opportunities for teachers, so as to promote professional knowledge with high practical relevance for learning support.

Introduction

The growing international discourse on statistics education in the kindergarten and in the first years of primary school reflects an increasing interest in questions regarding young children's understanding and learning related to statistical concepts (e.g. Leavy et al., 2018). The spectrum of empirical studies published as part of this discourse point to a large variety of statistical concepts and activities which are, in appropriate learning environments, accessible also to young students; moreover, the evidence shows a large diversity in young students' statistical thinking (e.g. [START_REF] Oslington | Second-graders' predictive reasoning strategies[END_REF]Krummenauer et al., 2022). It appears to emerge as a consensus in the international discourse that children can and should get in touch relatively early with statistics-related activities, such as collecting and displaying data, interpreting data, and participating in an argumentative discourse on such interpretations of data (e.g. Leavy et al., 2018). In line with this aim, we will specifically focus on young primary students' data-based argumentation, which is understood as "a specific case of argumentation in which statistical data is used for substantiating certain statements" (Krummenauer & Kuntze, 2022, p. 236).

Prior studies (e.g. [START_REF] Krummenauer | Können Kinder zu Beginn der ersten Klasse bereits mit statistischen Daten argumentieren? -Empirische Befunde aus einer Interviewstudie im Anfangsunterricht [Are students at the beginning of the first grade able to argue with statistical data? Empirical findings from an interview study in the first weeks in school[END_REF]Krummenauer et al., 2022) have shown that it is possible that students engage in data-based argumentation from their first days of primary school on and that there is a broad spectrum within students' data-based argumentation. However, for being able to foster students in data-based argumentation, teachers need corresponding professional knowledge. As discussed in Krummenauer and Kuntze (2022), such knowledge should include (at least) (1) knowledge on how to design appropriate learning opportunities and (2) knowledge on students' possible difficulties and on ways of supporting learners when such difficulties occurwhich can expected to be particularly helpful for fostering students in further developing their competence of data-based argumentation. Whereas the paper presented at CERME12 (Krummenauer & Kuntze, 2022) had put a particular focus on the first mentioned area related to teachers' professional knowledge on how to design appropriate learning opportunities, this contribution concentrates specifically on the question what difficulties young primary students' encounter in data-based argumentation, in order to broaden the basis for the design of corresponding professional learning opportunities. For this, results of a qualitative re-analysis of data from N = 40 interviews with beginning primary students, recorded during their first weeks of the first grade, are reported, and implications for building up teachers' professional knowledge are discussed.

The following section informs about the theoretical framework of the study as well as about existing empirical evidence. Subsequently, the aim of the analysis is specified in detail, and the methodological decisions made for the study are justified. In the fifth section, results are presented, including three episodes from interviews, which are analysed in detail regarding students' difficulties reflected in their answers as well as regarding possibilities of how to support students with such difficulties. Implications and also the limitations of the analysis are discussed in a concluding section, together with an outlook on the implementation of analysis results into learning opportunities for preservice teacher education.

Theoretical background

As described in Krummenauer and Kuntze (2022), numerous definitions of statistical literacy and statistical thinking (e.g. [START_REF] Ben-Zvi | Statistical literacy, reasoning, and thinking: goals, definitions, and challenges[END_REF][START_REF] Gal | Adult's statistical literacy: Meanings, components, responsibilities[END_REF][START_REF] Wild | Statistical thinking in empirical enquiry[END_REF] consider requirements related to argumentation as key elements of the respective definitions, such as evaluating statements on data or substantiating such statements in discussions with others. Argumentation based on statistical data, therefore, can be considered as a key idea of statistics education and should consequently be addressed in the mathematics classroom. In the statistics education discourse, an increasing interest in statistical learning of kindergarten and young primary students appears to emerge (e.g. [START_REF] Ben-Zvi | How do primary school students begin to reason about distributions?[END_REF]Leavy et al., 2018;[START_REF] Oslington | Second-graders' predictive reasoning strategies[END_REF][START_REF] Krummenauer | Können Kinder zu Beginn der ersten Klasse bereits mit statistischen Daten argumentieren? -Empirische Befunde aus einer Interviewstudie im Anfangsunterricht [Are students at the beginning of the first grade able to argue with statistical data? Empirical findings from an interview study in the first weeks in school[END_REF]. However, despite its importance for statistical literacy and thinking, argumentation based on statistical data has received relatively little attention in this strand of research so far (as well as in the non-statistics-specific discourse on students' argumentation in the mathematics classroom, e.g. [START_REF] Stylianides | Proof and argumentation in mathematics education[END_REF]. As a result, there is still a lack of systematic research on data-based argumentation in general, and on the specific needs of children in kindergarten and primary school in particular. First existing studies with students at the beginning of the first grade imply that it is possible to provide them with learning opportunities which allow them to engage with statistical data, to deal with interpretations of data, and to develop data-based arguments [START_REF] Krummenauer | Können Kinder zu Beginn der ersten Klasse bereits mit statistischen Daten argumentieren? -Empirische Befunde aus einer Interviewstudie im Anfangsunterricht [Are students at the beginning of the first grade able to argue with statistical data? Empirical findings from an interview study in the first weeks in school[END_REF]Krummenauer et al., 2022) from the first weeks of primary school on. Further, a broad spectrum within students' data-based argumentation has been observed for these school beginners (ibid.). For helping to develop students' competence further, teachers should be able to provide appropriate learning opportunities to their students, which allow them to engage in databased argumentation. Moreover, teachers should know how they can support their students if they have difficulties in data-based argumentation. Whereas the focus had been put on the first of these two aspects in Krummenauer and Kuntze (2022), this contribution targets on the second aspect, namely providing support in case of difficultieswhich needs to be explored empirically. As a foundation for providing support to students, teachers need professional knowledge about requirements of data-based argumentation. As presented in more detail in [START_REF] Krummenauer | Können Kinder zu Beginn der ersten Klasse bereits mit statistischen Daten argumentieren? -Empirische Befunde aus einer Interviewstudie im Anfangsunterricht [Are students at the beginning of the first grade able to argue with statistical data? Empirical findings from an interview study in the first weeks in school[END_REF] (see also [START_REF] Krummenauer | Primary student's data-based argumentationan empirical reanalysis[END_REF], such requirements can be described from a theoretical perspective building up on theories related to Scientific Reasoning (e.g. [START_REF] Zimmerman | The development of scientific thinking skills in elementary and middle school[END_REF][START_REF] Kuhn | What is scientific thinking and how does it develop?[END_REF][START_REF] Sodian | Young children's differentiation of hypothetical beliefs from evidence[END_REF]: A first requirement of data-based argumentation consists in separating the available data (which play, from the perspective of scientific reasoning, the role of evidence) from interpretations of data or other claims, which have the epistemological status of hypotheses or theories and consequently have to be rejected in case of contradiction with the data. Being able to carry out this coordination between evidence and hypotheses/theories is a second key requirement in databased argumentation. Considering the two epistemological elements (data/evidence vs. interpretations of data/hypotheses/theories) separately (e.g. [START_REF] Morris | The emergence of scientific reasoning[END_REF] and coordinating them (for that term see e.g. [START_REF] Zimmerman | The development of scientific thinking skills in elementary and middle school[END_REF], which means in particular to evaluate whether interpretations of data are consistent with the statistical evidence and to reject or modify interpretations of data which are not consistent with the evidence, are thus core requirements. We consider the coordination process as the basis for developing corresponding data-based arguments (e.g. Krummenauer et al., 2022): In cases in which certain interpretations of data are not in line with the evidence, students have to develop an argument rejecting the interpretation. A possible example in case of the data shown in Figure 2 would be: "It is not true that the rain barrel had the lowest water level on the third day, because on the first day, there was even less water inside the rain barrel". In contrast, interpretations which are evaluated as being consistent with the data can be substantiated argumentatively based on the data (in case of the data shown in Figure 2 for instance: "It is true that the rain barrel had the highest filling level on the last day, as the filling level on all other days stayed below the fifth marking").

In line with findings from cognitive psychology which imply that some essential strategies for the coordination of theory and evidence can be expected to be developed already during the kindergarten and primary school age (e.g. [START_REF] Koerber | Scientific reasoning in young children: Preschoolers' ability to evaluate covariation evidence[END_REF][START_REF] Sodian | Young children's differentiation of hypothetical beliefs from evidence[END_REF], we found in the abovementioned prior analyses [START_REF] Krummenauer | Können Kinder zu Beginn der ersten Klasse bereits mit statistischen Daten argumentieren? -Empirische Befunde aus einer Interviewstudie im Anfangsunterricht [Are students at the beginning of the first grade able to argue with statistical data? Empirical findings from an interview study in the first weeks in school[END_REF]Krummenauer et al., 2022) frequent evidence of students who were able to develop consistent data-based arguments. However, we also found evidence of specific difficulties, such as considering only selected aspects of data or using contextrelated considerations instead of relevant data when evaluating data-related statements as part of a task context (e.g. [START_REF] Krummenauer | Primary student's data-based argumentationan empirical reanalysis[END_REF]. In order to support students to overcome such (and further) difficulties and to further develop their data-based argumentation, teachers should be able to provide targeted support to their students. This requires teachers to analyse students' thinking with regard to their specific difficulties. Against the theoretical background described above, it appears as particularly important that teachers are able to analyse whether and what difficulties students have regarding the coordination of theory and evidence.

As defined by [START_REF] Kuntze | Teachers' resources in analysing mathematical content and classroom situations -The case of using multiple representations[END_REF], we consider the term analysing as an "awarenessdriven, knowledge-based process which connects the subject of analysis with relevant criterion knowledge and is marked by criteria-based explanation and argumentation" (p. 3214). Consequently, we expect that building up knowledge regarding relevant analysis criteria as well as an awareness (e.g. [START_REF] Kuntze | Teachers' criterion awareness and their analysis of classroom situations[END_REF] related to these criteria should increase teachers' competence of providing helpful support to students which stimulates a further development of students' competence of data-based argumentation. However, as still relatively little is known about young primary students' difficulties related to data-based argumentation, research beyond the existing first exploratory analyses is needed in order to gain deeper insight into students' difficulties.

Aim of research

This study hence addresses this research need and concentrates on the following research question:

What difficulties in terms of coordination of theory and evidence do young primary students encounter when asked to respond to tasks which require data-based argumentation?

Methods

The study is based on data from interviews with N = 40 primary students, integrating data from two studies with n = 11 students [START_REF] Krummenauer | Können Kinder zu Beginn der ersten Klasse bereits mit statistischen Daten argumentieren? -Empirische Befunde aus einer Interviewstudie im Anfangsunterricht [Are students at the beginning of the first grade able to argue with statistical data? Empirical findings from an interview study in the first weeks in school[END_REF] and n = 29 students (e.g. Krummenauer et al., 2022). The data were gathered during the first weeks of the first grade of primary school in order to gain insights into children's competence related to data-based argumentation at an early stage. For data-collection, face-to-face interviews with a relatively high level of standardisation were chosen. During the interviews, several tasks were presented to the students in order to provide a context and a stimulus for them to develop data-based arguments. For this, a task context was presented by means of graphical elements in a first step; an example can be seen in the left part of Figure 2. This sample task is about the filling level of a rain barrel of a fictitious story character. In a second step, data emerging from the respective situation context were presented to the students. In the sample task in Figure 2, the data is about the development of the filling level of the rain barrel, including data of five days. In a further step, a statement providing an interpretation of the data was presented to the students, and the students were asked to evaluate this statementa stimulus for the students to coordinate the statement, i.e. a theory element, with the statistical data, i.e. the available evidence, and to develop a corresponding data-based argument. In line with the theoretical perspective outlined above, the analysis was carried out with a specific focus on difficulties related to the coordination of theory and evidence. For this, answers which did not completely fulfil the requirements of the task were subjected to a bottom-up analysis, focussing specifically on difficulties implied by the answers related to the coordination of theory and evidence. This analysis led to a category system consisting of four distinct categories, which are presented in the following section. 

Results

Figure 2 gives an overview of the categories derived from the data. In the following, we provide insight into the categories which had emerged from the analysis and discuss examples related to the categories.

Answers which completely fulfil the requirements of the respective task fall into category I. Due to the design of the tasks described above, a complete answer shows that the students were able to consistently coordinate the given theory element (the given statement) and the statistical evidence provided in the task. Answers which are not covered by this category indicate that the respective students had difficulties when developing a data-based argument. Based on these answers, the bottom-up analysis yielded three further categories (category II to IV), which allow to explain key difficulties from the perspective of students' coordination of theory and evidence: Category II includes answers indicating an incomplete coordination of theory and evidence. Answers in this category have in common that the students evaluated statement based on the data and substantiated their evaluation with the data, but did not consider all aspects of the evidence which are necessary to evaluate the statement. Answers in this category, therefore, imply that the students apparently were able to coordinate the statement with some, but not all aspects of the evidence, as can be seen in the following (translated) example. The episode starts after the statement to be evaluated had been presented by means of a hand puppet:

Example 1 (translated): Category III is based on answers which imply an inconsistent coordination of theory and evidence. Within this category, two types of answers can be differentiated: In some cases, students based their answer on an inconsistent interpretation of data, so that the coordination of the statement to be evaluated and the available evidence is inconsistent as a consequence. The second type of answers in this category consist of cases in which students used theory elements (e.g. the given statement or own assumptions about the context) in the role of evidence, so that their argumentation was, at least partly, based on theory rather than on the available evidence. Answers providing an inconsistent coordination of theory and evidence, therefore, can imply (at least) two different difficulties regarding the Category IV, finally, is based on cases in which theory and evidence are not coordinated in the abovementioned sense. In such answers, for instance, students only mention data or tell context-related considerations without a conclusion regarding the statement to be evaluated in the task, but do not coordinate the statement to be evaluated with the evidence; an example is provided in the following.

Example 3 (cf. Krummenauer et al., 2020, p. 125 

Discussion of implications and outlook

Before we discuss implications which can be drawn from the results, we would like to note that the sample is not representative so that further types of answers could, in principle, occur if the sample was further extended. However, against the background of the research question, it was possible to describe the observed difficulties related to data-based argumentation by means of the four presented categories. The categories provide insight into a broad spectrum of students' difficulties in terms of coordinating theory and evidence, so that they can provide an empirical basis on which teachers can analyse students' responses in situations in which difficulties occur. The categories further encourage implications on how students can be supported: In cases indicating difficulties related to the coordination of theory and evidence, as shown in Example 1, it can be expected that building up strategies for the coordination of theory and evidence (e.g. distinguishing between theory elements and evidence, or strategies of actively searching for elements in the data, which may contradict the statement) may help students to overcome their difficulties and to further develop in data-based argumentation, for instance. Corresponding reflection tasks for pre-service teachers could show classroom situations in which student difficulties can be observed. Such vignette-based formats for teachers' professional learning can be based on prior work in the Erasmus+ project coReflect@maths we plan an intervention study with vignettes (e.g. [START_REF] Buchbinder | Representations of practice in teacher education and research spotlights on different approaches[END_REF] targeting data-based argumentation, which are intended to provide learning opportunities with a high practical relevance to the participants and which afford evaluating whether it is possible to build up professional knowledge on supporting students to further develop their competence of data-based argumentation.

Figure 1 :

 1 Figure 1: sample task, including a picture for explaining the task context (left) and the data (right), consisting of five filling levels which were presented to the students one after another (Krummenauer et al., 2020, p. 125)

1

  Interviewer: […] And Mia [name of the hand puppet] says: 'On the last day, there was the most water in the rain barrel.' What do you think, [name of the student]? 2 Student: There was indeed the most water in the rain barrel. 3 Interviewer: And why do you know that? 4 Student: It is almost full. […] In [2], the student provides a (correct) evaluation of the statement presented in [1]. After the interviewer asks for a justification [3], the student justifies in [4] the evaluation with a single value from the data (the filling level of the last day), but does not mention the other values (i.e. the filling levels of the other days), which need to be taken into account for being able to evaluate the statement.

Figure 2 :

 2 Figure 2: categories regarding students' coordination of theory and evidence

  Students may have difficulties in interpreting the evidence consistently, or students can also have difficulties directly with the coordination of theory and evidence. In the following example, it appears that the student bases the answer on an inadequate interpretation of the evidence (see [4], [5] and [6]), which probably has led to the wrong (but, considering the inadequate interpretation, consistent) evaluation in[2]. Providing support regarding the interpretation of the evidence might in such a case lead to a consistent data-based argument.

	coordination of theory and evidence: Example 2 (translated):	
	1	Interviewer: […] Is Mia [name of the hand puppet] right?
	2	Student:	No.	
	3	Interviewer: Why not?	
	4	Student:	There. [points to the first day]
	5	Interviewer: There is the most water in the rain barrel?
	6	Student:	Yes. […]	
	I	consistent coordination of theory and evidence	II	incomplete coordination of theory and evidence
	III	inconsistent coordination of theory and evidence	IV	no coordination of theory and evidence
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