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Related to the latest critical situations in society, the development of risk literacy in terms of decisionmaking under uncertainty, while respecting individual risk notions, is becoming an important educational goal. How to achieve this goal in schools is an open question. This paper presents a design-based research approach that attempts to fill this gap. It aims at developing a lesson series for stochastics teaching that foster risk literacy, and a local theory about how the design works. Two theoretical approaches are used to achieve these aims: the competency concept from the KOMproject was used to inform and investigate design choices and the Game of Giving and Asking for Reasons (GoGAR) was used to investigate statistical reasoning in decision-making processes. We list key aspects of our design, zoom-in classroom discussions, illustrate findings on individual risk notions and conclude that risk reasoning in classrooms still lacks informal statistical inferences.

Introduction

Recent crises such as the COVID19-pandemic, climate change, species extinction, and economic crises interact in their consequences, making risk literacy a relevant educational developmental goal. However, there is only little research in mathematics education that addresses the issue of risk literacy in schools. An exception is the research conducted by [START_REF] Hansen | Risk in science instruction: The realist and constructivist paradigms of risk[END_REF]. According to them (p. 764), risk literacy is a collective term that encompasses all skills a person needs to address risk-relevant issues in a real-life environment. This thus requires the identification of risks under uncertainty, which then needs to be analyzed and modeled (Martignon & Hoffrage, 2019, p. 31). It is also necessary to identify and evaluate alternative outcomes of risk-related decisions and options for action [START_REF] Hansen | Risk in science instruction: The realist and constructivist paradigms of risk[END_REF], so that a well-founded decision can be made. Hence, risk-literate people identify the specificity of uncertainty and its encompassing risk and then come to a wellfounded decision. In this process, risk literate people also shape their own notion of risk in relation to the context, shown in their way of reasoning about the risk. This brief review raises two issues for mathematics education research: The notion of risk literacy as an educational goal in stochastics education has not yet been elaborated. Particularly for secondary schools, it is not clear how risk literacy could be developed therein. With a design-based research approach we aim to fill this gap, following two guiding research and development questions: What are individual notions of risk and the key facets of risk competency in stochastics education in school? What are design characteristics and conditions that foster the development of risk literacy? The design-based research approach will allow both, the development of a teaching-learning trajectory to foster key facets of risk competency and gaining theoretical insight about fostering conditions. This paper focuses on preliminary design characteristics and their fostering conditions, on the concept of risk, and on individual risk notions that students express in decision-making situations.

Theoretical framework

In our design-based research we theorize risk and employ two theoretical approaches to answer the research questions. The competency concept is taken from the KOM-framework to guide the structuring of the concept of risk competency and the design of a developmental trajectory for stochastics lessons. We add an inferentialist lens on the practice of 'Giving and Asking for Reasons' to investigate the implementation of the design.

Theorizing risk

Besides the vague use of the term 'risk' in everyday life, it is used in numerous different disciplines with various definitions. From a statistical point of view, risk can be quantified with the help of the product of occurrence probability and the extent of damage [START_REF] Campbell | Determining overall risk[END_REF]. Hansson (2007) takes a more comprehensive view and classifies five definitions of risk, which also were taken up by [START_REF] Borovcnik | Risk and decision making: The "logic" of probability[END_REF]:

(1) an unwanted event which may or may not occur; (2) the cause of an unwanted event which may or may not occur; (3) the probability of an unwanted event which may or may not occur; (4) the statistical expectation value of an unwanted event which may or may not occur and (5) the fact that a decision is made under conditions of known probabilities. (Hansson, 2007, n.p.) Thus, risk is a cluster concept depending on the situation of risk and how an individual considers it. Using definitions (3) and ( 4), learners can empirically verify a risk by quantifying it when they use probabilities or expected values as objective measures. [START_REF] Niss | Mathematical competencies revisited[END_REF] have exposed the concepts of mathematical competency in terms of its potential role in the teaching and learning of mathematics. Thereby three dimensions of competency are identified that may inform designing and analyzing the development of risk literacy. These dimensions are the degree of coverage, the radius of action and the technical level. "The degree of coverage of a competency is the extent to which all the aspects that define and characterize the competency are covered" (Niss & Højgaard, 2019, p. 21). Related to this, reasoning competency in decisions under uncertainty is a key aspect for risk competency. It can be considered in terms of whether and to what extent decisions involving mathematics are constructively justified and whether or to what extent proposed justification attempts are critically analyzed and evaluated. This will be described by identifying facets of risk competency. Radius of action provides information about the different contexts and situations in which the individual can successfully activate the competency (p. 21). In doing so, learners show a wider radius of action relative to another learner when they can make risk decisions not only in e.g., the context of gambling, but also related to economics or health issues. Here, the question of individual or shared risk in the respective situation comes into play. The technical level refers to the "level of the mathematical concepts, results, theories and methods" (p. 21), e.g., in statistical numeracy [START_REF] Cokely | Measuring numeracy[END_REF] or statistical reasoning that "the individual can bring to bear when exercising the competency" (Niss & Højgaard, 2019, p. 21). Related to risk, these dimensions are not independent. We conceptualize risk literacy by two components; risk competency related to stochastics, merging with the individual notion of risk and care in context.

Risk competency

An inferentialist perspective on risk

Inferentialism is a philosophical theory that aims at explaining how a content of a concept is built by its use [START_REF] Brandom | Articulating reasons: An introduction to inferentialism[END_REF]. In particular, it enables us to identify the learners' notion of risk while learners are playing [START_REF] Brandom | Articulating reasons: An introduction to inferentialism[END_REF] 'Game of Giving and Asking for Reasons' (GoGAR). According to [START_REF] Schindler | Informal inferential reasoning and the social: Understanding students' informal inferences through an inferentialist epistemology[END_REF], students may demonstrate GoGAR by making, justifying, accepting or rejecting claims when solving statistical decision-making problems, especially those related to data handling and interpreting diagrams. Thereby, individual and collective action and discourse play a central role in risk assessment. GoGAR thus corresponds to the practical mastery of a concept and is linked to the awareness that reasoning is a central component of statistics and statistics education [START_REF] Bakker | Lessons from inferentialism for statistics education[END_REF]. Our assumption is, that by practicing GoGAR students express their notion of risk and how they activate their risk competency in the specific context, and reconstructing these processes allows to answer our research questions.

Methods

Design-based research (DBR) is one of the qualitative deductive approaches that involves the process of designing, developing, experimenting, and evaluating [START_REF] Plomp | Educational design research, part A: An introduction[END_REF]. In order to promote risk literacy and answer the research questions, a teaching sequence was created and further developed during the DBR approach. The key idea was to develop design principles for designing a learning environment that promotes decision-making skills under uncertainty using stochastic measures and providing space for expressing the individual notion of the specific risk. The developed learning arrangements were implemented by three different teachers in close consultation. We conducted three design cycles in 2021-2022 at two German high schools. Three grade 9 and 10 classes were chosen because their curriculum allows expected values and distributions be addressed.

The teaching/learning trajectory aimed at fostering risk literacy over the course of two lessons of 90 minutes each and four lessons of 45 minutes each. It consisted of the following sequence of topics and contexts: coin toss (introduction of expectation value), cell phone insurance (handling the expected value, individual risk assessment), graduation newspaper (handling the expected value, shared risk), concept of risk in the newspaper (reflection of the term risk, developing risk concepts), and sport competitions (handling diagrams and distributions, inventing a distribution measure). In this paper we focus solely on lesson 1 (Table 1) Figure 1 shows the first out of the two tasks of lesson 1. It had three purposes, to activate the wellknown situation of coin tossing and related probabilities, prepare an intuitive understanding of the new concept of the expected value as one way to quantify risk and activate the individual affinity to risk. The task was not just given, it encompassed several steps.

Step 1: The teacher introduced it in an introductory dialogue with a loss of 10€ to shape a space for reasoning in decision-making under uncertainty.

Step 2: The students worked individually on Task 1 as shown in Figure 1, then estimated a profit and wrote down a brief justification.

Step 3: Demonstrating individual decision-making processes in the classroom. In the second task, which can be seen in Figure 2, we differentiated two levels of proficiency: students at the advanced level worked with a profit of 20€ and a loss of 10€, whereas for the students at the basic level profit and loss was the same, 10€. The students were asked to select what they prefer, just one tossing of the coin, i.e., single play, or tossing 100 times, i.e., multiple play. Accordingly, in the single play they can win 20€ (extended level) or 10€ (basic level) and lose 10€ (both levels). With the expected value, a multiple play per coin toss allows calculating the profit of 5€ on average per toss, and on the basic level, 0€. When considering the expected value, there was therefore nearly no risk of losing money in a multiple play. But the expected value had not been introduced at this point.

It was introduced at the end of this lesson as a measure of risk for decisions in the long run (repeating coin toss in this case). For this, the students simulated 100-coin flips with a computer. Afterwards, the process scheme (Figure 3) for calculating the expected value was introduced.

In the experimenting and evaluating phase of the design cycles, we identified facets of risk competency and explored conditions that foster or hinder its development. For that, data were collected from the students' written and oral reasoning processes, as well as from the researchers' written field notes. The data on written reasoning came from the learners' edited worksheets, while the data on oral reasoning came from videotaped focus group discussions and plenary discussions.

Data analysis was conducted in three steps: an a-priori analysis before and continuous formative and intuitive analyses during the experimentation, that provided directions for adapting and developing interventions according to theory and field outcomes, and a retrospective analysis conducted after all cycles have been completed [START_REF] Mckenney | Supporting teachers in data-informed educational design: Supporting teachers in data-informed design[END_REF]. For the latter purpose, episodic plans were first created for the individual lessons (e.g., Table 1), whereby the various episode sequences were structured and summarized in terms of content. The episodes that finally turned out to be substantial, i.e., episodes where GoGAR was prominent, were transcribed verbatim in order to conduct a detailed analysis of the micro-processes of decision-making under uncertainty. To answer the research questions, a summarizing interpretation through the lens of GoGAR and an evaluation related to the competency dimensions considering key characteristics of the lesson was elaborated.

Preliminary findings illustrated by some data: Risk reasoning and risk notions

In step 3 of Task 1, students gave reasons for their decisions about the profit, in order to accept the offer of coin toss. We found four notions of risk and present them by some data excerpts.

(1) You cannot influence the risk, i.e., the risk of losing 10€ is absolute and low:

1 Lia: I said earlier for the time being that I wouldn't go into this for anything because I don't like gambling, but if I have to do it, a million would be a nice amount. 2 Sina:

And where did you get the one million to pay for it? 3 Lia:

You only lose 10€. Does not matter what you win.

(2) Prospect of profit must be bigger than the possible loss (risk handling):

4 Alma: So, I would have said 15 to 20€ at least, because to take the risk of losing 10€, I could get at least/ so another 5/ so that's yes half of 10 or double of it.

(3) Prospect of profit must be bigger than the possible loss (risk handling) related to a 50:50 chance:

5 Sina: I have written I would do so ten to 15€, because it is a 50:50 chance that I win or lose and if I lose, I do not lose so much money.

(4) Repeated coin toss lowers the risk if the profit is higher than the loss (risk in multiple play):

6 Anna: I have 30€, because then you could, so to speak, three times 10 and if you then have to give up the 10€ twice, you can still be in the plus.

In the previous episode, the students had considered concrete outcomes of coin toss, but not systematically. In the next episode (#7-16) they worked on Task 2. They also considered concrete outcomes of tossing, with which they reasoned hypothetically (#7,15,16). But the focus was more on risk handling. They argued to avoid (large) losses (#8,9), to balance loss and profit (#9), and to increase/decrease the probability feeling in the decision (#11). Then they realized that they had to combine three things and not one, the chance, the fact of losing or winning and finally what they gained or lost (#14). The latter case showed an implicit grasp of the expected value as a risk measure. In the final discussion about risk (#17-29), some students strengthened or widened their risk notions. They referred to their previous calculation of the expected value as a meaningful risk measure in a multiple play (#17). They saw risk decreasing when the toss was repeated (#22). Risk was considered as the outcome of losing (#25), and risk handling as the balancing of losses and profits (#29). Some students showed that their conception of risk was still influenced by focusing on the loss (#24, 27). 

Summary of the results

What are individual notions of risk and the key facets of risk competency in stochastics education in school? What are design characteristics and conditions that foster the development of risk literacy? These two research questions will be answered in an interrelated manner and then reflected.

Lesson 1 dealt with preliminary key design characteristics, a familiar context (gambling), calculating the expected value and providing space for risk reasoning. The decision-making processes in this lesson fostered informal risk reasoning in comparative situations, where the first two facets of risk competency were visibly promoted: Evaluating risk situations by comparison (between single and multiple play, and among the values of the random variable 'profit and loss' related to the differentiated worksheet) and making well-founded decisions in risk situations. The individual risk notions were identified considering GoGAR in the students' risk reasoning. They are based on concrete outcomes of situational example cases with a preference of deterministic reasoning, as for the students, risk may appear to be absolutely determined as losing or loss, while risk taking may appear as a way of balancing out profits and losses. When repeating coin tossing, risk seems to go down for the students. When probability is considered, then this is done as a kind of probability feeling or as a 50:50 chance that seemed to be ignorable for risk reasoning for the student. Although the expected value had been introduced and calculated before, the students did not explicitly use it in their risk reasoning. Instead, they preferred to use their individual notions of risk, thus, risk reasoning turned out to be a kind of implicit rather deterministic kind of reasoning, at least in lesson 1.

Discussion, reflection and conclusion

The results of the first lesson demonstrate that students argue very contextually, even in the context of risk. They formulate hypothetical if-then statements about concrete, sometimes strategically chosen examples. Only in a few cases do students use informal statistical inferences, i.e., generalizing statements in a probabilistic manner of uncertainty and using data as evidence, similar to what was found by [START_REF] Makar | The reasoning behind informal statistical inference[END_REF]. This distance to statistical reasoning appeared despite simulating the 100-times coin toss and collecting data in class. In fact, students did not even use the expected value, and, unexpectedly, their individual notions of risk predominated throughout the lesson. This resonates with Pratt et al.'s (2011) finding that decision-making processes depend on subjective perceptions.

We will now look for design characteristics that might reduce this distance to statistical reasoning.

In the design of the first lesson, the KOM competency concept has proven to be profitable for one context where we identified the condition risk reasoning in comparative situations that fostered two key facets of risk competency. We expect to identify further key facets in the subsequent lessons when also other contexts are addressed. GoGAR has been appropriate for identifying individual risk notions. However, the predominant deterministic view in the students' risk notions and the fact that risk reasoning rarely referred to available simulation data, indicate that we should improve the design into three characteristic directions: (1) Collecting data of coin toss by hand before simulation to evoke experiencing variation when repeating the experiment, (2) focusing more on multiple-play and its potential for informal statistical reasoning, and (3) following Makar et al.'s (2011) advice to include teacher prompts for scaffolding informal statistical inferences in risk reasoning.

Our results are preliminary, hence, limited as they are taken from data sets of the first out of six lessons only. Therefore, we could not yet completely answer the two research questions. In the course of the subsequent lessons with improved design characteristics and variations of contexts we need to identify further conditions that may foster to activate key facets of risk competency and reconstruct how risk literacy develops over time. Thus, our final contribution to the field will be three-fold: providing an evidenced concept of risk literacy, a design that fosters developing of risk literacy and a local theory that explains this process.
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 123 Figure 1: Heads or tailsthe first task in lesson 1

Table 1 : Lesson 1with topic and aims

 1 

	Lesson	Topic: contexts, concepts Aims: to develop facets of risk-literacy
	1 (45 min)	The Coin Toss	-Initial examination of own risk-notions
		Introduction: expectation	-Introduction of the expected value
		value	-Comparing risk-situations with well-founded
			decisions

  Charlotte: I would do it 100 times, because if I win 50 times now and lose 50 times, I still win money. Then I still get 50[500] euros. The thing is, if you win once and lose twice, you're still at 0€. You can lose twice as often as you win and still be at 0. If you win twice, you would have 40€ in it and if you lose once, you would still have 30€.

	9 Lia:	That's what I was thinking.
	10 Jule:	That's right.
	11 Charlotte: That's why I would do it 100 times, because the chance that you get money is SO
		much higher. Because there is a 50:50 chance if you throw once and if you do 100
		times, the chance that you win something is much higher. I haven't calculated now
		what the chance would be but/
	12 Jule:	Yes, that's good.
	13 Charlotte: But I'm pretty sure it would be like this.
	14 Lia:	I was only thinking about winning and losing. I didn't even think about the prizes
		anymore. I said both are 50:50 chance of winning or losing. But the amount of
		money you could win is much higher with your/ […] I would have just taken the
		first option, because you could lose 10€ maximum.
	15 Jule:	But I didn't think about the fact that if you have 40€ and then you lose, you still have
		20€. No? Yes? 30.
	16 Charlotte:	

7 Jule: […]. So, my opinion was that once is better, if you play once the chance/ you can lose 10€ and if you lose 100 times all the time, you just have nothing. You could of course win 100 times that's why I'm so unsure.... 8

  17 Valentin: So I would do it only once, because from the calculation comes out zero. 18 Teacher: Yes, for the basic level, right. Mathematically, it's like this. […].

	19 Umut:	Yes, take a risk.
	20 Teacher: You would take the risk/ What does risk mean to you?
	21 Umut:	100 times (?) I would take.
	22 Sina:	But the risk is rather I think none at 100 (?)
	23 Teacher: What's more risky, doing it once or doing it 100 times?
	24 Umut:	I thought that if I get only "tail", then I need 1000€.
	25 Sina	But I wanted to say that the risk is related to single play, then you only have the
		one-time chance, either you have it, or you don't have it.
	26 Teacher: Fritz and then finally Charlotte.
	27 Fritz:	So, I would take one, because the probability is the same for both and with the
		second you can make more minus, but simply because (?)
	28 Teacher: Okay. Charlotte left.
	29 Charlotte: I would take 100 times, because you only have to win half as often as you lose to
		keep 0€.
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