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Engaging students in argumentation based on statistical data is seen as an important aim of statistics education from primary school on. For being able to provide related learning opportunities to students and to help students to further develop in data-based argumentation, teachers need corresponding professional knowledge. As prior research had shown that teachers often do not have such professional knowledge, we investigated in a quasi-experimental intervention study with N = 57 student teachers whether it is possible to build up professional knowledge on fostering data-based argumentation. The results provide evidence for the efficacy of the intervention approach and point to implications for its implementation in future courses.

Introduction

Fostering students' argumentation is emphasised frequently as a key element of the mathematics classroom. In the past decades, a wide body of research into different aspects of teaching and learning of argumentation (for an overview see e.g. [START_REF] Stylianides | Proof and argumentation in mathematics education[END_REF] has emerged, for instance with a focus on engaging students in argumentation (e.g. [START_REF] Bezold | Förderung von Argumentationskompetenzen auf der Grundlage von Forscheraufgaben. Eine empirische Studie im Mathematikunterricht der Grundschule [Fostering of argumentation competences based on investigation tasks. An empirical study in the mathematics classroom of primary school[END_REF][START_REF] Jablonski | Changes in mathematical reasoning -a longitudinal study with mathematically gifted children[END_REF] or on teachers' professional knowledge related to fostering students' argumentation (e.g. [START_REF] Ayalon | Exploring teachers' envisioning of classroom argumentation[END_REF]. However, argumentation based on statistical data has been largely unexamined so far, in particular with a specific focus on children in primary school. Addressing this gap in research, a series of 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 sudents at the beginning of the first grade are able to argue with statistical data? Empirical findings from an interview study in the first weeks in school[END_REF][START_REF] Krummenauer | Primary student's data-based argumentation -an empirical reanalysis[END_REF] has been conducted. The findings provided evidence that argumentation based on statistical data is possible for many students in primary school and that students' data-based argumentation can be fostered in the primary mathematics classroom. However, creating learning opportunities related to students' data-based argumentation requires that teachers have corresponding professional knowledge; an awareness of possible learning opportunities related to data-based argumentation can be expected to be a key element of such professional knowledge. First empirical research (Krummenauer & Kuntze, 2021a[START_REF] Krummenauer | Teacher students' and in-service teachers' awareness of statistical variation and related learning potentials in different profession-related requirement contexts[END_REF] has implied that many primary school teachers do not have such an awareness, which points to a need for research on how a basis of professional knowledge related to fostering students' databased argumentation can be build up during student teachers' university education. The intervention study reported on in this contribution addresses this research need by evaluating the efficacy of an intervention approach with a particular focus on raising student teachers' awareness of learning opportunities for fostering primary students' data-based argumentation.

In the following section, we present the theoretical framework of the study and give a brief overview of existing research. Subsequently, we specify the research questions and outline the design of the intervention study, before presenting results and discussing implications as well as limitations of the study.

Theoretical Framework

Data-based Argumentation as a Key Idea of Statistics Education

Within the wide body of literature on statistics education, the relevance of processes of argumentation for dealing with statistical data is highlighted frequently. [START_REF] Ben-Zvi | Statistical literacy, reasoning, and thinking: goals, definitions, and challenges[END_REF], for instance, describe a key goal of statistics education as "Being able to properly evaluate evidence (data) and claims based on data […]" (p. 3). [START_REF] Gal | Adult's statistical literacy: Meanings, components, responsibilities[END_REF], to give only one further example, defines two core elements of statistical literacy as "[…] people's ability to interpret and critically evaluate statistical information, data-related arguments, or stochastic phenomena […]" (p. 2) and " […] their ability to discuss or communicate their reactions to such statistical information […]" (p. 3). Although the importance of argumentation for dealing with statistical data is emphasised in numerous publications, there has hardly been any systematic research with a specific analysis focus on primary students' data-based argumentation. In response to this research need, a series of interrelated empirical 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 sudents at the beginning of the first grade are able to argue with statistical data? Empirical findings from an interview study in the first weeks in school[END_REF][START_REF] Krummenauer | Primary student's data-based argumentation -an empirical reanalysis[END_REF][START_REF] Krummenauer | Fostering primary students' competence of data-based argumentation -an intervention study[END_REF] has been conducted, specifically focusing on primary students' data-based argumentation, which we consider as a specific case of argumentation in which statistical data is used for substantiating certain statements (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 sudents at the beginning of the first grade are able to argue with statistical data? Empirical findings from an interview study in the first weeks in school[END_REF]. A first key finding of these studies was that many students in primary school are able to evaluate data-related claims and can develop corresponding data-based arguments in appropriate task contexts. Further, the studies have shown that primary students' data-based argumentation can be fostered effectively in the mathematics classroom. However, in order to foster students in further developing their data-based argumentation in the mathematics classroom, it is necessary that teachers provide appropriate learning opportunities to their students, such as appropriate statistical data and corresponding impulses facilitating processes of data-based argumentation; for this, teachers need corresponding professional knowledge.

Teachers' Professional Knowledge on Fostering Students' Data-based Argumentation

Such professional knowledge may include, for instance, knowledge about possible learning scenarios (e.g. what kind of data sets could be provided to students as a basis of argumentation), knowledge on how to initiate processes of data-based argumentation in the classroom, or knowledge about possible difficulties of students as well as corresponding possibilities of supporting students' learning (see 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 sudents at the beginning of the first grade are able to argue with statistical data? Empirical findings from an interview study in the first weeks in school[END_REF][START_REF] Krummenauer | Primary student's data-based argumentation -an empirical reanalysis[END_REF]. Beyond only possessing (potentially inactive) knowledge, the extent to which teachers are able to use such professional knowledge can be assessed when teachers analyse in profession-related requirement contexts, such as classroom scenarios or responses of students [START_REF] Kuntze | Teachers' criterion awareness and their analysis of classroom situations[END_REF]. The term analysing has been defined by Kuntze, Dreher, and Friesen (2015) as an "awareness-driven, 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, whether or not professional knowledge is actually used by teachers in their analysis largely depends on teachers' awareness of relevant criteria [START_REF] Kuntze | Teachers' criterion awareness and their analysis of classroom situations[END_REF]. As defined by [START_REF] Kuntze | PCK and the awareness of affective aspects reflected in teachers' views about learning opportunities -a conflict[END_REF], we consider criterion awareness as "a part of professional knowledge which influences the readiness and ability of teachers to use related professional knowledge elements in instruction-related contexts" (Kuntze & Dreher, 2015, p. 298). Related to fostering students' databased argumentation, this includes, for instance, to be aware of potential opportunities for students to engage in data-based argumentation through textbook material or in classroom situations. As described in the model by [START_REF] Kuntze | Teachers' criterion awareness and their analysis of classroom situations[END_REF], teachers' criterion awareness is crucial for processes of analysing, as it can activate relevant professional knowledge for teachers' analysis. Conversely, a lack of criterion awareness would have the consequence that a teacher would not apply corresponding professional knowledge in the analysis (and in subsequent actions based on such an analysis), even if the teacher held relevant knowledge [START_REF] Kuntze | Teachers' criterion awareness and their analysis of classroom situations[END_REF]. Therefore, a particular focus on fostering teachers' awareness related to students' data-based argumentation appears to be a promising intervention approach with high relevance for teachers' classroom practice.

Existing Research on Professional Knowledge related to Fostering Students' Argumentation

Several studies exist with a focus on student teachers' and in-service teachers' professional knowledge related to fostering argumentation in the mathematics classroom (e.g. [START_REF] Ayalon | Exploring teachers' envisioning of classroom argumentation[END_REF]Bleiler et al., 2013;[START_REF] Brunner | Förderung mathematischen Argumentierens im Kindergarten: Erste Erkenntnisse aus einer Pilotstudie [Fostering mathematical argumentation in kindergarten: first findings from a pilot study[END_REF]. As reviewed by [START_REF] Stylianides | Proof and argumentation in mathematics education[END_REF], many of these publications report on weaknesses in teachers' professional knowledge in this regard. This is also the case in a prior empirical study with N = 44 in-service primary school teachers (Krummenauer & Kuntze, 2021a), in which the participants did not show an awareness of learning potentials related to data-based argumentation in most of their analyses.

Further, there are some publications reporting research on building up professional knowledge in inservice and student teachers related to argumentation. [START_REF] Brunner | Förderung mathematischen Argumentierens im Kindergarten: Erste Erkenntnisse aus einer Pilotstudie [Fostering mathematical argumentation in kindergarten: first findings from a pilot study[END_REF], for instance, reports on an intervention with kindergarten teachers. The author describes a positive development of their professional knowledge during the intervention and concludes that it is possible to successfully establish argumentation practices through professional development activities. In contrast, Melhuish and colleagues (2020) report on a long-term intervention study with the aim of fostering teachers' noticing related to argumentation processes, which had only small effects on teachers' professional knowledge. The authors highlight, that they found a large discrepancy between teachers' self-reports and teachers' actual performance regarding their argumentation-related noticing.

To our knowledge, however, there are hardly any studies with a specific focus on building up professional knowledge related to fostering primary students' data-based argumentation during teacher university education. It is therefore largely unclear what effects can be reached by means of an intervention focussing on building up awareness of learning opportunities related to data-based argumentation and to what extent possible effects are stable after the intervention.

Research Questions

Consequently and responding to this research need, the study reported in this contribution addresses this research need with a particular focus on the following research questions: RQ1: Is it possible to increase student teachers' awareness of learning opportunities related to fostering primary students' data-based argumentation by means of an intervention? RQ2: How stable are possible intervention effects?

Methods

Study Design and Sample

The study is designed as a quasi-experimental intervention study with three points of measurement. The first two tests were conducted right before and after the intervention, which was implemented in two university courses with different course formats: the first course had a regular, weekly seminar format with weekly sessions of 90 minutes, whereas the second course was conducted as a compact course taking place on 4 days within a period of 7 weeks. As a third group, a non-treatment control group was included in order to control for possible re-test effects. In the intervention groups, the intervention was implemented in 3 parts (each approx. 90 minutes, excl. testing time). Approximately five weeks after the intervention, a follow-up test was administered to the participants of the intervention groups.

The sample consisted of N = 57 student teachers; n = 28 of them participated in the weekly course, n = 10 in the compact course, and n = 19 in the control group. Most participants were in their third semester (about 70 %; average: M = 4 semesters). About 50 % of the participants studied mathematics as a minor subject, the other half of the sample studied mathematics as a major subject.

Data Collection

For assessing the effects of the intervention, a questionnaire instrument was used, which had been already successfully used and validated (inter-rater reliability: κ = .84) in a prior study (Krummenauer & Kuntze, 2021a). The questionnaire consists of eight items, which are different types of vignettes to be analysed by the participating student teachers. The vignettes represent different kinds of profession-related requirement contexts (e.g. [START_REF] Buchbinder | Representations of Practice in Teacher Education and Research -Spotlights on Different Approaches[END_REF] which require teachers to be aware of learning potentials related to data-based argumentation in order to generate appropriate learning opportunities for students. In a dichotomous, criteria-based top-down rating, it was analysed whether the student teachers' analyses indicated that the participants were aware of learning potentials related to fostering data-based argumentation. For being rated as "successful analysis", an answer had to contain a reference to relevant aspects of the data contained in the vignette, and a corresponding learning potential related to data-based argumentation had to be described. Further details about the design of the instrument are described in Krummenauer andKuntze (2021a, 2021b).

Design of the Intervention

In accordance with the theoretical framework introduced above, the main focus of the intervention is to build up awareness of learning potentials related to fostering students' data-based argumentation. In the intervention, this was combined with building up practical knowledge on possible learning environments, such as knowledge about what kind of data can be used for data-based argumentation in primary school, or what impulses can be given by teachers in order to engage students in databased argumentation.

In the first part of the course, the student teachers were asked to develop data sets which they consider as suitable for primary students and to develop corresponding impulses they would provide to their students (e.g. questions or claims to be evaluated based on the data by students). This first part of the course is intended to activate and formatively assess the prior knowledge of the participants, and to gain a basis for the further seminar work. In a subsequent step, the data-sets and corresponding questions were discussed in the seminar according to their learning potential for students' data-based argumentation. After a presentation phase focussing on characteristics of data sets which facilitate data-based argumentation and possibilities of providing stimuli to engage students in data-based argumentation, the course participants jointly discussed and further developed their data-sets and corresponding stimuli in several steps. After a joint discussion of the further developed material, further classroom material was presented and discussed with the participants. The participants were asked to think of corresponding stimuli (and, if necessary, to modify the material) in order to develop awareness of learning potentials related to fostering data-based argumentation in different contexts.

Results

Figure 1 shows the development of the mean percentage of answers rated as a successful analysis for each group. The performance in the pre-test of all three groups does not differ significantly from each other, which was assessed by means of a Kruskal-Wallis test (H(2) = 2.331, p = .312). The spread was also relatively low (SDpre-test = 0.93), so that all three groups entered the study with a relatively low and relatively equal awareness related to learning potentials to foster students' data-based argumentation. In order to assess whether the changes between pre-test and post-test within the groups are statistically significant, we analysed the difference of answers rated as a successful analysis between pre-test and post-test (Δt0, t1) by means of a further Kruskal-Wallis test. The test revealed significant group differences (H(2) = 49.398, p < .001). Corresponding post-hoc tests showed that both intervention groups differed significantly from the control group (weekly course: Z = 19.291, p < .001; compact course: Z = 21.840, p < .001). The small increase in the control group is statistically non-significant (Z = -.504, p = .614). The effect size between pre-test and post-test is d = 4.66; this large effect size parameter [START_REF] Lenhard | Berechnung von Effektstärken [calculating effect sizes[END_REF] has to be interpreted against the relatively low and homogeneous (SDpre-test = 0.93) pre-test performance. In the follow-up test, the effect size dropped around one-third from d = 4.66 to d = 3.19.

In order to further explore the individual development of the participants of the intervention groups, we further analysed the differences between pre-test and post-test (Δt0, t1) (see Figure 2) and between the post-test and follow-up test (Δt1, t2) (Figure 3). As shown in Figure 2, the participants solved in the post-test between one and seven items (out of eight items) more than in the pre-test (M = 3.9 items). From the post-test to the follow-up-test, the performance of 58.1 % of the participants of the intervention groups was reduced (between 1 and 6 items); 29 % of the participants in the intervention groups had the same test result, and 12.9 % solved one item more than in the post-test (Figure 3). 

Discussion and Conclusions

Before discussing the key results of the study, we would like to consider limitations of the study. A first limitation is that the sample of student teachers is not representative for a larger population, and it was not possible to randomise the assignment of the participants to the different groups, so that generalisations to other groups of students need to be reflected carefully. Additionally, although the overall sample size is satisfactory, the size of the sub-group of the compact seminar is relatively small, which needs to be considered when comparing the results of the sub-groups.

Regarding the first research question, the results have shown that it was possible to increase student teachers' criterion awareness in the domain of fostering data-based argumentation substantially in both courses by means of the intervention. The intervention implemented in the compact course appears to be similarly effective as the implementation in the weekly course. The effect size of the intervention corresponds to a large effect (e.g. [START_REF] Lenhard | Berechnung von Effektstärken [calculating effect sizes[END_REF], and all students improved at least for one item after the intervention. Regarding research question 2, the results show that the Δt1, t2 effect of the intervention decreased about one-third in effect size by the follow-up test a few weeks after the intervention. This implies that there is still a substantial effect, but that the effects of such an intervention should be stabilised over a longer period, which could be addressed in future implementations of the intervention. However, the decrease of the performance pertains not the whole intervention group, as about 40 % of the student teachers participating in the intervention successfully analysed the same or even a higher number of items in the follow-up test.
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