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Fostering students' competencies of reasoning and argumentation is an overarching goal of the mathematics classroom with relevance also for statistical contents. However, students' argumentation based on statistical data appears to have received less attention so far. In particular primary students' abilities concerning evaluating and generating their own data-based arguments have hardly been investigated. Our analysis of N=167 answers of primary students addresses this need for research and gives insights into students' abilities in generating data-based arguments and students' possible difficulties. The results, therefore, provide an evidence base that can inform subsequent intervention studies.

Introduction

Statistical data are often used as evidence for decision making in various domains of modern societies so that data plays a key role in decision-related argumentation. It thus can be seen as an important goal for the mathematics classroom to encourage primary students to enter into data-based argumentation. With the term data-based argumentation we refer to the process by which students critically evaluate data-related statements, and develop arguments, based on statistical data. In a prior study with N=385 fourth-graders [START_REF] Krummenauer | Primary student's data-based argumentationan empirical reanalysis[END_REF] we found that about onethird of the sample was able to develop at least one data-based argument. Consequently, as there is evidence that primary students can be able to develop data-based arguments, our earlier findings opened up the way to investigating now more closely students' abilities and the obstacles students encounter when they develop data-based arguments in different task-related contexts. For this reason, we newly designed a set of tasks adapted to the target group in order to further explore primary students' data-based argumentation. In this paper, we report on our analysis of an exemplary task of our newly developed test. In the following section, we first describe the theoretical background on key aspects of data-based argumentation and requirements students have to deal with when they develop data-based arguments. After having specified the research interest, we will report on sample and methods for a coding that afforded the analysis of students' answers. Finally, we present the results which will be discussed in a concluding section.

Theoretical Background

One of the core aims of argumentation in general is 'to convince others that a statement is true or false' (Stylianides, Bieda, & Morselli, 2016, p. 316). Data-based argumentation can be seen as a specific case of argumentation in which statistical data is used to convince someone that a statement is true or false. In comparison to other argumentation situations such as mathematical proving (e.g. [START_REF] Boero | Argumentation and mathematical proof: A complex, productive, unavoidable relationship in mathematics and mathematics education[END_REF][START_REF] Hanna | Proof, explanation and exploration: An overview[END_REF], data-based argumentation differs in nature, mainly due to the empirical methods used in the data gathering process. Moreover, dealing with phenomena related to statistical variation (e.g. [START_REF] Watson | Statistical literacy: A complex hierarchical construct[END_REF] leads to specific forms of data-based reasoning and argumentation; even seemingly contradictory statistical interpretations of data can be justified on the base of the same data set. A well-known example for this is the Simpson's paradox (e.g. [START_REF] Blyth | On Simpson's paradox and the sure-thing principle[END_REF].

However, there are also commonalities of data-based argumentation with generating mathematical proofs. In [START_REF] Toulmin | The Use of Argument[END_REF] approach of analysing arguments, two basic elements of an argument are distinguished: the datum and the conclusion. The conclusion is a statement that should be substantiated by the argument. The datum is a set of facts which are taken to be true (p. 89-92). So, a core-structure characteristic of arguments is the distinction between available evidence on the one side and the statement that is being supported by the argument on the other side. Inspired by Toulmin's approach, we can structure data-based arguments in a similar way. In data-based arguments, the statement being supported by the argument is often an interpretation of data, or an evaluation of a given statement. The statement then is supported by statistical data, which takes the function of Toulmin's datum. Thus, a consistent connection of a statement with supporting statistical data is the core element of a data-based argument. Additional elements in Toulmin's framework, such as the warrant and the backing, which can be used to clarify why the conclusion results from the datum, can be assigned to analogous structures of data-based arguments.

These thoughts about the structure of arguments already point to a set of requirements for generating data-based arguments, which can be developed further. As laid out in [START_REF] Krummenauer | Primary student's data-based argumentationan empirical reanalysis[END_REF], requirements of data-based argumentation can be described under a scientific reasoning perspective (e.g. [START_REF] Bullock | Scientific reasoning: Developmental and individual differences[END_REF][START_REF] Klahr | Developmental differences in scientific discovery process[END_REF][START_REF] Kuhn | The development of scientific thinking skills[END_REF]Zimmermann, 2007). When students have to generate a data-based argument for evaluating a given statement (as is required in the task in Figure 1, for example), they have to consider the statement as separate from the statistical evidence contained in the available data. According to scientific reasoning, the statement has to be treated as a hypothesis which has to be rejected in case of contradiction with the data. For evaluating the statement on the basis of the statistical evidence the students also have to find out whether the evidence is confirming, contradicting, or irrelevant to the statement (cf. [START_REF] Sodian | Young Children's Differentiation of Hypothetical Beliefs from Evidence[END_REF]. In case of relevance, if the data provide evidence contradicting the statement, the statement has to be rejected.

At first sight, these requirements appear as very complex. In particular, it might be expected that younger children lack the necessary skills for mastering such requirements. However, prior empirical research has shown that even primary students already have prerequisites for scientific reasoning and that fostering such skills is possible in primary school (cf. [START_REF] Bullock | Scientific reasoning: Developmental and individual differences[END_REF][START_REF] Kuhn | Children and Adults as Intuitive Scientists[END_REF][START_REF] Sodian | Die Natur der Naturwissenschaften verstehen. Implementierung wissenschaftstheoretischen Unterrichts in der Grundschule[END_REF][START_REF] Zimmerman | The development of scientific thinking skills in elementary and middle school[END_REF]. On the other hand, these and other studies also show that children often use deficient strategies, such as a positive test strategy, which means that they may seek only for evidence which confirms their prior assumptions. It also has been observed that children tend to accept hypotheses too hastily (e.g. [START_REF] Kuhn | The development of scientific thinking skills[END_REF][START_REF] Bullock | Scientific reasoning: Developmental and individual differences[END_REF][START_REF] Klahr | Developmental differences in scientific discovery process[END_REF] and that they are influenced by their prior views, knowledge and preferences when they evaluate a statement. In contrast, an important strategy for dealing with data-based statements is to challenge them actively by searching for aspects in the data which contradict the statement [START_REF] Kuntze | Strategies for evaluating claimsan aspect that links critical thinking and statistical thinking[END_REF].

Against the background of such findings it appears as a feasible endeavour to foster primary students in their data-based argumentation, so that the above-mentioned goals can be considered as realistic. Still, the successful development of learning environments requires a fundamentally sound empirical knowledge base about students' abilities and their answering patterns when having to develop data-based arguments.

Research aim

Our analysis consequently addresses this research need. The core aim is to investigate primary students' abilities with respect to data-based argumentation and the obstacles that might prevent them from developing consistent data-based arguments. This leads to the following research questions:

(1) To what extent do primary students generate consistent data-based arguments?

(2) Is it possible to assign those answers, which do not fulfil the requirements, to categories which represent different types of answers?

Design and Sample

The analysed task, shown in Figure 1, is part of a newly designed test instrument used in a test with N=167 students from southern Germany at the end of the fourth grade (91 female, 76 male; average age M=10.4, SD=0.57). The task requires to evaluate whether the headline matches the diagram. As a justification is asked ('Justify your answer'), the students have to develop at least one consistent argument based on the data, as these are the only appropriate source of evidence for the required evaluation. The meaning of the word 'justify' was explained in a standardised instruction before the test.

The analysis of the students' answers to the task combines a top-down coding (double coded, inter-rater reliability: κ=.91), which is derived from a coding we had already successfully applied in a prior study (cf. [START_REF] Krummenauer | Primary student's data-based argumentationan empirical reanalysis[END_REF], with a bottom-up analysis for exploring possible difficulties of the participants. To answer the first research question, we analysed in a first step whether the students' answers comply with the requirements of the task. Therefore, we analysed the structure of the arguments in the answers with a scheme inspired by [START_REF] Toulmin | The Use of Argument[END_REF] approach. A successful answer was expected to contain, at a minimum, one data-based argument consisting of a conclusion expressing a negative evaluation (e.g. 'no', or 'the headline does not match the diagram') as well as a datum in the form of a consistent reference to aspects of the data which are appropriate to substantiate the conclusion. Additional elements like a warrant or a backing are not required if a consistent connection between the datum and the conclusion can be clearly reconstructed in the context of the task. In a second step, all answers which did not fulfill these requirements were subjected to an interpretive bottom-up analysis to provide answers to the second research question. For developing a set of distinct catego- ries we followed [START_REF] Mayring | Qualitative Inhaltsanalyse: Grundlagen und Techniken[END_REF] approach of inductive category formation; again, taking into account the key elements of [START_REF] Toulmin | The Use of Argument[END_REF] approach.

Results

The top-down coding shows that 40% of the participants gave an answer which completely met the requirements of a successful answer described in the prior section. Figure 2 shows an answer from this category: The answer starts with the statement 'no' which is to be taken as a direct response to the question in the task. Following the key elements of Toulmin's terminology, the statement 'no' functions as a conclusion and signalizes that the headline in the task has to be rejected. The second part of the answer ('from 1948 until 1957 the gasoline price was the same') contains a statement which refers to aspects of the given diagram. With the conjunction 'because' the student connects the conclusion with the reference to the datum and indicates that the reference substantiates the student's conclusion. Therefore, the reference to the data functions as a datum to substantiate the conclusion. Figure 3 shows another example of an answer rated as successful. It also starts with a conclusion 'no' and also gives a reference to the given data set ('the prices also decreased from time to time'). In spite of the fact that there are no concrete points of data mentioned, in consideration of the given diagram the analysis yields that the student refers to several points of the data set where the trend line decreases. In contrast to the answer in Figure 2, there is no conjunction which links the conclusion with the reference to the data, but the function of the reference as a datum appears as it was asked for a justification in the task. In both cases shown above, the reason why the datum substantiates the conclusion remains partly implicit. For example, to understand the argument in Figure 3, the contradiction between the statement ('gasoline prices always have been rising') and the temporary decline of the prices found in the data has to be considered.

In this context, we would like to note that it is not always necessary to give a warrant or a backing for all connections with data, and that in cases of an evident contradiction between given statement and data the justification required for an argument can be rated as successful. Following Jahnke & Ufer (2015) it is neither helpful nor even possible to refer to all single necessary steps of inference within an argument (cf. p. 332-333). Therefore, the appropriateness of an argument is not only a question of consistency of the argument, but also a question of social convention on what level of justification an argument can be accepted as evident (ibid.). As stated in the previous section, an argument was rated as successful if it contains at least: 1) a conclusion; 2) a consistent reference to the data; and, 3) if the logical connection of conclusion and datum in the context of the task can be reconstructed.

Besides such answers rated as successful we were able to identify several sub-categories within the answers which did not fulfil the requirements of the task. 5.4% of the sample gave no answer at all; 9.0% were assigned to the category of non-codable answers, which means that the answer was unreadable or the content of the student's answer could not be reconstructed in the context of the task. Further, 9.6% gave an evaluation whether the statement in the headline matches the diagram, but without any justification of their answer; 5.4% gave a context-based answer which means that their answers are based on considerations concerning the context without a reference to the given data. Further, 0.6% developed a mixed data-based and context-based argumentation; 22.8% of the analysed answers were assigned to the category confirmatory argumentation with selective use of data. This category includes all answers in which selective aspects of the data are used to generate a confirmatory argument supporting the statement in the headline. In a further 3.6% of the answers, aspects of the data were mentioned in a consistent way, but an inconsistent conclusion is drawn. Another 1.2% of the answers also contained a consistent mentioning of the data, but no clear implication for the evaluation of the statement in the headline is provided. 2.4% of the students' based their argumentation on an inconsistent interpretation of the data set. For example, one of the students who committed this error interpreted the scale on the ordinate axis as the development of the prices. Figure 4 gives an overview of the composition of all analysed answers. In the following we give more detailed insights into examples of students' answers for the most frequent categories developed in the bottom-up analysis. Translation: 'Yes the headline is ok.'

Successful answer (example in Figure 2 and 3)

Confirmatory argumentation with selective use of the data (ex. in Figure 7)

Evaluation without justification (ex. in Figure 5)

Non-codable answer

No answer

Context-based answer (ex. in Figure 8)

Correct mentioning of data, but wrong conclusion is drawn (ex. in Figure 6)

Inconsistent interpretation of the data set is used for argumentation Correct mentioning of data without a clear implication Mixed data-based and context-based argumentation Figure 6 shows an example of a category of answers in which correct data is mentioned but a false conclusion regarding the evaluation of the statement is drawn. In the first part of the answer ('sometimes, they went down but they also went up often') a reference to the data is given. The conjunction 'so' indicates that the student draws a conclusion ('the headline is correct') based on the mentioned data. However, this conclusion is not consistent with the given reference to the data as the observation that the prices sometimes 'went down' contradicts the statement that the gasoline prices always have been raising. Thus, the criterion of a consistent connection of the data and the evaluation of the statement in the headline is not met.

Figure 7 shows an answer, in which a student connects her conclusion with particular aspects of the data-set, providing confirming evidence for the conclusion given by the student. However, the student's analysis of the data remains incomplete, as the word "always" in the given statement shown in the headline implies that all the data in the diagram needs to be considered. This student mentions two values of the data set which support the statement of the headline.

The fact that the mentioned data is correct (30ct and 1.70€) suggests that the student was able to read data from the diagram and to understand this data in the context. At the same time, the student appears to neglect other data which would have been necessary to consider in order to generate a consistent argumentation. In this case, the argumentation attempt does not fit to the meaning of the statement presented in the headline ("always"), which makes it inconsistent with what had to be justified. The student might not fully have understood the statement given in the headline. Other possible interpretations are that the student has not searched for counter-evidence in the data but for confirming evidence only or that she might have ignored the counter-evidence as it contradicted her own view. An important aspect in (data-based) argumentation is the choice of a source of evidence. Figure 8 shows an example of a category of answers in which the students do not use the given data as evidence but their own considerations about the context. The answer in Figure 8 starts with a conclusion ('yes') which is connected by the word 'because' with a context related statement 'today cars consume more fuel than in the past'. The conjunction 'because' indicates that the statement may be intended to function as a datum. However, the task is designed in such a way that the given data needs to be used as the source of evidence: The task does not require the student to evaluate the statement in the headline in general, but to evaluate whether the statement matches the diagram. Therefore, the given context-related explanation is not an appropriate datum to substantiate the required evaluation. However, the student apparently had the opinion that his context-based explanation is relevant to justify his evaluation. It is to assume that the given conclusion might not refer to Translation: 'Yes it [the headline] fits because the prices increased from 30ct to 1.70€'

Translation: 'Sometimes, they went down but they also went up often, so yes, the headline is correct.' the asked question, but to an evaluation of the statement in the headline in general. The given context-based explanation, from a scientific reasoning perspective, also can be seen as a hypothesis which was too hastily accepted. 

Discussion and Conclusions

The results show that 40% of the sample were able to evaluate a statement by generating a databased argument. This shows that these students were not only able to apply basic activities such as reading data from a diagram but that they were able to use statistical evidence for evaluating a statement by developing a data-based argument. Against the background that the data of this study were gathered without a preceding intervention, it appears as a feasible endeavour to further foster primary students in their data-based argumentation. For this, the results from the bottom-up analysis provide a starting point to inform prospective interventions for fostering primary students with this concern.

The analysis revealed that about a quarter of the sample used selective aspects of the data to confirm the statement given in the headline despite the fact that there is pertinent counter-evidence against the statement. The answers of these students show that they are principally able to understand the given statement, to read data from the diagram, and to draw the logical conclusion that the aspects of data they quote confirm the statement. The difficulty of these students might be located on a meta-knowledge level: We assume that they did not challenge the given statement actively and did not search for counter-evidence in the given data. Answers containing context-based argumentation and those with an inadequate conclusion drawn on the basis of adequately mentioned data also indicate difficulties which can be explained from the scientific reasoning perspective as described in the theoretical background section. As we found indications for similar answering patterns already in our prior study [START_REF] Krummenauer | Primary student's data-based argumentationan empirical reanalysis[END_REF], fostering students' meta-knowledge related to scientific reasoning appears to be a promising approach which will be investigated in an intervention study.

As the participants of our study were tested at the end of year four of primary school, the question arises how their abilities might differ from those of students from lower grades. To this, we already started a follow-up study with a sample of 42 third-graders which solved the same task as the fourth-graders. A first top-down coding of the answers shows that a similar percentage of the sample were able to develop data-based arguments as required in the task. Further in-depth analysis of the students' answers is in progress. Beyond this, an interview study with first graders at the time of their entry in school is in preparation to investigate to what extent students at the beginning of their first year in primary school are already able to develop arguments based on statistical data.
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 4 Figure 4: Combined results of the top-down coding and bottom-up coding (N=167)Figure5shows an example of the category 'Evaluation without justification'. In Toulmin's terminology, the answer only contains a conclusion ('Yes the headline is ok') but no other element of an argument. The student does not justify his evaluation of the given headline in any way.
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 8 Figure 8: Context-based argumentation

Translation: 'No! The prices also decreased from time to time.' Translation: 'No, because from 1948 until 1957 the gasoline price was the same'.

Acknowledgment

This study is supported by research funding from Ludwigsburg University of Education.

Translation: 'Yes, because today cars consume more fuel than in the past'