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Since data and its representations have gained a significant role in our society, mathematics education has to adapt by finding ways of teaching students statistical literacy from primary school onwards. In a teaching unit that was designed as part of a bachelor´s thesis, students of a fourth grade (10 to 11 years old) were introduced to group comparisons with the help of TinkerPlots and asked to create posters on statistical mini-projects. This paper aims at providing first ideas for a framework for the analysis of such means of communication to understand what results the young students communicate and how they do so. The posters show that the primary school pupils already employ not only local perspectives but utilize more global views to interpret the data.

Introduction: The relevance of teaching statistics

Understanding statistics has become a highly relevant skill set in our times as data and its representations confront us daily. It is for that reason that we need to become literate with regards to what the data tells us and how to interpret it [START_REF] English | Promoting statistical literacy through data modelling in the early school years[END_REF]. This has led to the acceptance of statistics into school curricula, even as early as the primary level. In Germany, for instance, creating graphical representations of data and their interpretation are part of the curriculum [START_REF] Hasemann | Daten, Häufigkeit und Wahrscheinlichkeit [Data, Frequency and Chance[END_REF]. The United States, as well as Australia and New Zealand, have also introduced standards at the beginning of the century to ensure that these topics are covered obligatory at school [START_REF] Ben-Zvi | Statistical literacy, reasoning, and thinking: Goals, definitions, and challenges[END_REF]. Hence, the need for teaching concepts and new insights into the understanding of statistics as part of a successful didactic approach to the field has become apparent. There is more and more research on statistical inquiries in the fields of mathematics education. Some fundamental ideas of statistics have been identified for instance by [START_REF] Burrill | Fundamental statistical ideas in the school curriculum and in training teachers[END_REF]. Concerning reading and interpreting statistical displays, [START_REF] Friel | Making sense of graphs: Critical factors influencing comprehension and instructional implications[END_REF] have developed a framework consisting of three different levels of understanding statistical representations of data and there is a variety of sets of recommendations to follow when designing a statistical teaching-learning environment [START_REF] Garfield | Developing students' statistical reasoning: Connecting research and teaching practice[END_REF]. These conceptions are further supplemented with subject-unrelated approaches, for instance using design-based research as a method to develop theory and simultaneously successful teaching-learning sequences [START_REF] Bakker | An introduction to design-based research with an example from statistics education[END_REF]. Another relevant aspect is the increasing interest in using digital tools when exploring data [START_REF] Biehler | Technology for enhancing statistical reasoning at the school level[END_REF] -they facilitate the creation of graphical representations in large and multivariate data, leaving more cognitive capacities to work on higher-level tasks such as interpreting the presented data [START_REF] Garfield | Developing students' statistical reasoning: Connecting research and teaching practice[END_REF]. TinkerPlots is an adequate tool that also finds application in primary contexts and enables learners to realize also sophisticated statistical activities like group comparisons on a basic level [START_REF] Konold | Designing a data analysis tool for learners[END_REF]. Therefore, a teaching unit has been developed that is grounded on the specific characteristics and requirements mentioned above [START_REF] Schäfers | Durchführung und qualitative Evaluation einer redesignten Unterrichtsreihe zur Entwicklung der Kompetenz[END_REF]. The goal of the teaching unit was that the young learners realize and conduct their own statistical (mini-)projects answering a statistical question that is derived from the students´ interests. This means that the young students experience all phases of the PPDAC cycle [START_REF] Wild | Statistical thinking in empirical enquiry[END_REF]. Posters were created as a means of communicating results of the statistical project. In this paper, we take a closer look at the learning outcomes of primary school students and how they communicate their findings of data exploration in form of posters. The aim of this paper is twofold: it will (1) suggest first ideas for a framework to evaluate the learning outcomes which are communicated through the posters and (2) it will present first empirical insights on how primary school students´ communicate findings of their data explorations through posters. By working on these issues, we wish to contribute to the advancement of data exploration at a primary level and the communication of results and lay a possible groundwork for a deeper understanding of students´ learning processes in this particular field.

A teaching unit to develop reasoning about data in a primary school setting

The designed teaching unit aimed at promoting reasoning about data (in particular group comparisons) among fourth graders (10 to 11 years old) in a public German primary school and concluded in individually conducted statistical projects towards the end of the unit.

Methodology of the development of the teaching unit & design principles

The teaching unit was part of a design-based research project [START_REF] Bakker | An introduction to design-based research with an example from statistics education[END_REF] which creates theory on primary school students´ abilities to compare groups using TinkerPlots as a digital data analysis tool. In multiple cycles, the (re-)design of teaching elements, their theoretical foundation as well as their evaluation based on classroom experiments are combined to foster the interrelations between teaching practice and theory. The FUNKEN-model [START_REF] Prediger | Topic-specific design research with a focus on learning processes: The case of understanding algebraic equivalence in grade 8[END_REF] poses a similar approach focusing on the specifics of particular teaching contents. This teaching unit was conducted as the second cycle within a design experiment to develop local learning theories on group comparisons in primary schools and on supporting learning arrangements for this content. Building on the first cycle and its results, adaptations had been made on teaching materials concerning the group comparisons.

Research suggests certain design elements for developing statistical reasoning. [START_REF] Garfield | Developing students' statistical reasoning: Connecting research and teaching practice[END_REF] refer to them as Statistical Reasoning Learning Environments and argue in favor of, for instance, the use of real data, a focus on core competencies of statistics, utilizing digital tools, and an adapted form of assessment to develop and deepen students´ statistical reasoning. The teaching unit implemented these aspects -having students collecting their data on statistically relevant questions of interest to them, using TinkerPlots to explore real and multivariate data, and realizing statistical (mini-)projects with posters as learning outcomes that were used for assessment.

Data explorations and group comparisons as central topics in the teaching unit

Developing statistical reasoning is a central concern of teaching statistics. It is considered to be "the study of arguments that use statistics as evidence" (Burrill & Biehler, 2011, pp. 59f). This comprises understanding data and its possible representations, amongst other competencies [START_REF] Ben-Zvi | Statistical literacy, reasoning, and thinking: Goals, definitions, and challenges[END_REF]. Graphs are graphical representations of data and therefore central to statistics. [START_REF] Friel | Making sense of graphs: Critical factors influencing comprehension and instructional implications[END_REF] have differentiated between three levels of graph comprehension: reading the data as the ability to read the individual data (representations), reading between the data as the ability to understand and interpret relationships within or between different data sets and reading beyond the data as the ability to infer consequences and possible predictions from the represented data. It implies a shift from a rather local point of view towards a more global perspective which is based on interrelations and possible dependencies [START_REF] Bakker | Learning to reason about distributions[END_REF]. Group comparisons focus on more than one variable and investigate differences between groups defined by one of the variables [START_REF] Konold | Designing a data analysis tool for learners[END_REF]. They are considered engaging, yet complex from an educational point of view. Group comparisons are closely connected to the idea of variation [START_REF] Garfield | Developing students' statistical reasoning: Connecting research and teaching practice[END_REF], which [START_REF] Burrill | Fundamental statistical ideas in the school curriculum and in training teachers[END_REF] defined as one fundamental statistical concept among others like representation. TinkerPlots can be used to support young learners to create graphical representations of data to facilitate the group comparison process. Even though it facilitates the drawing of the graph, it also stimulates the fundamental skills needed to create and understand the visual representations [START_REF] Konold | Designing a data analysis tool for learners[END_REF]. Stacked dot plots and hat plots form the graph types that are employed by the tool and modal clumps are used as a possible means of comparison [START_REF] Konold | Students' use of modal clumps to summarize data[END_REF]. Hat plots can be considered a more flexible form of a box plot as the crown can be regulated as to what percentage of the dataset it should enclose [START_REF] Garfield | Developing students' statistical reasoning: Connecting research and teaching practice[END_REF][START_REF] Watson | The representational value of HATS[END_REF].

Poster as a means of communication in the teaching unit

Communicating (results) plays a central role in the mathematics classroom and is therefore regarded as a procedural competence within the German educational standards, also applying to the teaching of statistics [START_REF] Sill | Didaktik der Stochastik in der Primarstufe[END_REF]. According to [START_REF] Wild | Statistical thinking in empirical enquiry[END_REF], communication is central to statistical tasks, and therefore included in their adapted PPDAC cycle within the phase of conclusions. For statistical classrooms, the aim is to foster communicational skills so that results can be summarized, more global coherences can be harnessed to interpret the data, and the context of data is considered [START_REF] Peck | There's more to statistics than computation -Teaching students how to communicate statistical results[END_REF]. Posters are a possible way to communicate mathematical results and were used within the teaching unit as an assessment and a means to document the students´ learning outcomes. As posters are frequently used as means of communication, there are criteria to evaluate them by. For a contest, the ISLP has proposed a set of possible standards that focuses on the statistical contents of the posters (International Statistical Literacy Project, 2020). Selected important criteria include the interpretation of the collected data with regards to the statistical question, the integration of adequate graphical representations, as well as the portrayal of the collection of data. These standards will be included when evaluating the posters and proposing a possible framework for the analysis. Statistical representations such as graphs bear the opportunity to function as a means of communication themselves when being properly interpreted and understood [START_REF] Friel | Making sense of graphs: Critical factors influencing comprehension and instructional implications[END_REF]. One challenge for young students is to verbalize their findings from data exploration, for instance in the context of group comparisons.

The contents of the teaching unit

The teaching unit on which this paper is based comprised ten lessons, each lasting 45 minutes. Students were introduced to the basics of statistics, the sub-processes involved in a statistical project, the use of the Software TinkerPlots as well as group comparisons [START_REF] Schäfers | Durchführung und qualitative Evaluation einer redesignten Unterrichtsreihe zur Entwicklung der Kompetenz[END_REF]. In the first part of the teaching unit (Lessons 1-3) the students are introduced to the first ideas of empirical and statistical work (getting to know about variables, learning about the PPDAC cycle as a means for structuring own statistical projects, collecting data, etc.). In the second part (Lessons 4-5) the students analyzed data about their class and learned, for instance, how to draw and read bar graphs. In Lessons 6-8, the students were introduced to the software TinkerPlots. Finally, in Lessons 9 and 10, the students worked on a statistical (mini-)project on their own, applying and testing said acquired competencies when working on individually developed statistical questions regarding group comparisons and presented their findings to their classmates via posters. More details on the teaching unit can be found in [START_REF] Frischemeier | Building statisticians at an early age -Statistical projects exploring meaningful data in primary school[END_REF]. The posters were used as an opportunity to document the results of the data exploration and were to include a title, their statistical question as well as the results of their project answering their question.

An accompanying empirical study: Communicating results of a data exploration through posters

Research questions

Since the original research has suggested the validity of teaching group comparisons to primary school children [START_REF] Frischemeier | Building statisticians at an early age -Statistical projects exploring meaningful data in primary school[END_REF][START_REF] Schäfers | Durchführung und qualitative Evaluation einer redesignten Unterrichtsreihe zur Entwicklung der Kompetenz[END_REF], the focus of this sub-project is to concentrate on how the learning outcomes of a data exploration are communicated through posters. It has led to the following research questions: What results of their own statistical (mini-)projects do fourth graders of a German primary school communicate through posters after 10 lessons on the foundations of group comparisons? In which way do they communicate their results of a data exploration through posters?

Data collection & participants

As the purpose of this article is to analyze the students´ learning outcomes and to present first ideas on a framework for further use within teaching arrangements like the one presented, we concentrate on the stage of conclusions within the PPDAC cycle [START_REF] Wild | Statistical thinking in empirical enquiry[END_REF]. The students were asked to create posters in small groups to present their outcomes so that these posters were collected and will be used as the data to be analyzed. The posters consisted of a headline, a representation, and a box in which the representation was described and the statistical question answered. Twelve fourth graders of a German primary school (Ages 10 to 11) attended the lessons of the teaching unit. All of them had been introduced to data collection and presentation in grade three but there was no standardized test to pinpoint their prior knowledge on the acquired competencies or other skills that might help the statistical group comparison [START_REF] Frischemeier | Building statisticians at an early age -Statistical projects exploring meaningful data in primary school[END_REF].

Data analysis

To fulfill the purpose of this paper, a qualitative research approach was chosen for the sub-project. With the help of qualitative content analysis [START_REF] Mayring | Qualitative content analysis: Theoretical foundation, basic procedures and software solution[END_REF], three dimensions were formed that serve as the basis for the proposed framework. They were derived from the current state of research on characteristics of group comparisons, graphical representations of data as well as pre-existing criteria on posters as a means of communication and the contents of the teaching unit. Therefore, the dimensions of special interest are (i) the statistical features included in the group comparisons [START_REF] Frischemeier | Statistical reasoning when comparing groups with software: Frameworks and their application to qualitative video data[END_REF] and their level of abstraction, (ii) the levels of graph comprehension [START_REF] Friel | Making sense of graphs: Critical factors influencing comprehension and instructional implications[END_REF], as well as (iii) the components of a statistical project as recommended in the ISLP poster requirements (International Statistical Literacy Project, 2020). They function as the main points of interest to which segments of the texts and of the data material are sorted and then evaluated [START_REF] Mayring | Qualitative content analysis: Theoretical foundation, basic procedures and software solution[END_REF]. The coding manual as well as specific categories and sub-categories need to be further developed in a next step. Following the aim of this paper and the chosen qualitative approach, one poster will be analyzed exemplarily along the above-mentioned dimensions to give first insights into how results of a group comparison are communicated by fourth graders. The poster was chosen as a representative example of young students´ data exploration processes.

Results

A group of four students worked on the yellow poster which presents data on the shoe sizes of all fourth graders of their school. The goal was to find out whether the boys on average have larger feet than the girls. 77 pupils were questioned, 37 of them female and 40 males. Group Yellow: Wewer lives on a large foot! Is it true that boys on average have larger feet than girls? The fourth graders of the Almeschule in Wewer (Germany) were asked which shoe size they had. Among the girls, the smallest shoe size was 32 and the largest 42. Among the boys, the shoe sizes are closer together. Here, the smallest shoe size was 34 and not 32 like among the girls. The largest shoe size is 42, just like among the girls. Many shoe sizes of the boys accumulate at shoe sizes 37, 38. Among the girls, there is an accumulation at shoe sizes 36,37. Among the boys, the brim is slightly shorter than among the girls. But the crown is longer. Among the girls, it is the other way around. Here the brim is long and the crown is short.

The median provides a center value of the distribution. The median of the girls is 37 and the median of the boys is 38. The center value of the girls is, therefore, smaller than the one of the boys. This means that the boys on average have larger feet. These results of the survey show that boys on average have larger feet.

To answer their statistical question, the students compared the maximum and the minimum of the distributions, argued with the help of the median as well as the components and positions of the hat plots. Furthermore, they considered modal clumps as accumulations of data with a certain value. Even though local characteristics such as the maximum as well as the minimum are considered, the most reliable source of information to the group is the median. It is misinterpreted as the arithmetic means of the distribution and articulated with the word "average" ("The median provides a centre value of the distribution […]. The centre value of the girls is, therefore, smaller than the one of the boys. This means that the boys on average have larger feet."). As crown and brim of hat plots are based on ideas of the spread of the middle half of the distribution, they are understood to be rather global. Since they are taken into account, it can be deduced that the group of students has succeeded in working towards a more global view on data even though some characteristics of the groups such as differing group sizes were ignored. Regarding the levels of graph comprehension, the students prove that their understanding exceeds reading the data as more global features such as the median are employed to answer the statistical question ("The median provides a centre value of the distribution. The median of the girls is 37 and the median of the boys is 38. The centre value of the girls is, therefore, smaller than the one of the boys. This means that the boys on average have larger feet."). In addition, as two datasets are compared based on relationships within each distribution, we can assume that our young students show the ability to read between the data ("Among the girls, there is an accumulation at shoe sizes 36, 37. Among the boys, the brim is slightly shorter than among the girls. But the crown is longer. Among the girls it is the other way around. Here the brim is long and the crown is short.").

As no consequences or further deductions are proposed, the third level of reading beyond the data may not be attested at this time. The poster as a means of communication presents a title, the statistical question in form of a hypothesis, a graph that visualizes the distributions, the corresponding hat plots, and manually added modal clumps with labels for the axes (Figure 1). The text box gives information about the participants, which insights the group gained, and how they concluded that it is true that the boys have larger feet than the participating girls on average. Regarding the components of the poster (as suggested by the ISLP poster competition criteria), it only lacks in the sense that the method of data collection is not explicitly mentioned as well as a clear connection between the chosen title of the poster and the statistical question fails to appear. Although some minor mistakes were made mathematically, the group used appropriate means to compare the groups and to answer their question. In conclusion coherence between the interpretation of the data and the research interest can be attested.

Conclusion

Teaching statistical group comparisons in primary school settings with the help of digital tools such as TinkerPlots can be successful. Of special interest for this paper are the communicative means that the students employed. This paper has therefore shown first empirical insights into how primary students´ learning outcomes in form of posters can be analyzed based on fundamental concepts of statistics education as well as standards on statistical posters that might function as the grounds for a framework. One main concern is the shift from a rather local view to a more global perspective on the represented data [START_REF] Bakker | Learning to reason about distributions[END_REF]) which can already be seen on the posters. To communicate their findings, students use statistical properties of the data by expressing them verbally and also visually within the graph. Further research must be conducted on how students come to said learning outcomes, complementing the analysis of products with interviews to create an understanding of learning processes as well. In the next steps, the implied framework will be developed further and is supposed to be supported by a coding manual including exact definitions of categories with their sub-categories and examples to strengthen the comparability of the results. It should then also be applied to the other posters derived from the teaching unit as well as a generally bigger sample size to be able to advance the framework. Furthermore, the use of gestures and facial expressions as means of communication should be taken into consideration for a more in-depth analysis of the students´ presentations. As the teaching unit was part of the second cycle of a design experiment, further adaptations have to be made based on classroom experiences and student interviews to promote the development of local learning theories on group comparisons and reasoning about data as well as the advancement of supporting teaching-learning arrangements.
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 1 Figure 1: Headline and statistical display of the Data poster "Wewer lives on a large foot" [in German] from the group Yellow