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A theoretical meta-analysis at the interface of risk, risk literacy and mathematical modelling is conducted. Risk is quantified as the product of probability and impact, which serves as an approach to mathematical modelling. The mathematical model contributes to risk management and decision support. For example, microplastics in food and their impact on living organisms are considered, which requires stochastic and environmental science as an interdisciplinary link. This subject of current research is related to the sustainable development goals of the United Nations. In the school context, modelling skills support students for appropriate risk analysis. As a result of the theoretical analysis, a pedagogical approach for a learning environment to deal with uncertainties in mathematical modelling are identified and specified for the context of microplastics in food.

Introduction

In everyday life, people are exposed to conscious or unconscious risk, which in most cases is unrealistically assessed, resulting in inadequate behaviour. But an adequate assessment of risk is essential for a risk-competent society [START_REF] Riechard | Risk literacy: Is it the missing link in environmental education[END_REF]).

An act, event, or phenomenon that has the potential for causing harm is called a hazard. The magnitude of the hazard is the amount of harm that might result of the act, event, or phenomenon actually occurred. Risk takes into account the magnitude of the hazard and the likelihood that the act, event, or phenomenon will occur (Riechard, 1993, p. 9).

On the one hand, conducting a risk assessment for acute disasters may be challenging due to the subjective and personal involvement in a particular situation. On the other hand, possible long-term consequences of risk exposure may not be considered severe because it is a hidden process. The following two examples illustrate the difference.

In the catastrophe of 11th September 2001, 256 people died on aeroplanes in New York [START_REF] Gigerenzer | Risiko: Wie man die richtigen Entscheidungen trifft[END_REF]. In comparison, 1200 people died in traffic accidents the following year who would likely have chosen a domestic flight as their transportation option before the attack [START_REF] Gigerenzer | Risiko: Wie man die richtigen Entscheidungen trifft[END_REF]. No people died on domestic flights in the United States during this period.

The second example deals with the hidden impact of microplastics in food, which means plastic particles between 1 μm and 5 mm [START_REF] Who | Microplastics in drinking-water[END_REF]. The third of the 17 United Nations Sustainable Development Goals (SDGs) calls for quality of health and well-being to ensure the right to physical integrity (UN, 1992). The effects of microplastic particles in the bodies of living beings are the subject of current research, so the precautionary principle leads to the integration of risk management and decision support.

Both examples show situations in which people need to assess the risk they are willing to take. Longterm consequences are often underestimated, while the risk of an acute disaster tends to be overestimated [START_REF] Gigerenzer | Risiko: Wie man die richtigen Entscheidungen trifft[END_REF]. Therefore, risk literacy should be trained to promote adequate riskmitigating behaviour [START_REF] Riechard | Risk literacy: Is it the missing link in environmental education[END_REF]. The diagram shows the relationship between risk, risk competence, mathematical modelling and education (see Figure 1). Inside the subject-specific science, the necessary risk factors are identified and evaluated to quantify the risk with mathematical modelling. This process is trained with the help of educational science in mathematical education to improve risk literacy. Risk factors and risk competences differ regionally and culturally, so learning environments need to be adapted to specific requirements and constraints. Open Educational Resources (OER) enable this adaptation for capacity building and learning.

After the relevance of the concept of risk in school education has been elaborated and related to mathematical modelling, the term risk is defined in general terms. Based on the definition, risk competence is explained, which, together with the action component, represents the risk literacy. The modelling cycle is analysed in connection with risk and its quantification. Subsequently, using the example of microplastics in food, a possible school lesson for improving risk literacy in connection with mathematical modelling is outlined to illustrate a pedagogical approach for teaching risk literacy through modelling.

Theoretical background

First, the term risk is defined in the context of mathematical modelling, so that risk can be quantified. For the pedagogical approach, different aspects such as acute and chronic physical risk as well as subjective and objective risk are explained. To be able to make adequate decisions and act in risk situations, risk competence and risk literacy are needed.

The definition and quantification of risk

In each discipline, the concept of risk is clarified differently due to varying needs [START_REF] Aven | The risk concept-Historical and recent development trends[END_REF]. Aspects that are distinguished in the definitions are the concept of risk, risk management and perceived risk [START_REF] Aven | The risk concept-Historical and recent development trends[END_REF].

The term risk is used in a variety of ways, as it describes an undesirable event in the future, the cause of such an event or the probability of occurrence itself [START_REF] Schenk | Teaching and discussing about risk: Seven elements of potential significance for science education[END_REF]. Risk can be quantitative (risk measurement) or qualitative (risk concept) [START_REF] Schenk | Teaching and discussing about risk: Seven elements of potential significance for science education[END_REF]. In mathematics, risk is the product of probability and impact [START_REF] Norrman | Ericsson's proactive supply chain risk management approach after a serious sub-supplier accident[END_REF][START_REF] Platz | Mathematical modelling of GIS tailored GUI design with the application of spatial fuzzy logic[END_REF]:

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑅𝑅𝑃𝑃𝑅𝑅𝑃𝑃𝑃𝑃 • 𝐼𝐼𝐼𝐼𝐼𝐼𝑃𝑃𝐼𝐼𝑃𝑃
In this definition, the probability of the event occurring needs to be determined and the severity of the impact estimated to adequately assess the risk.

Based on this definition, two types of physical risks are distinguished -acute and chronic ones. An acute physical risk is "event-driven, including the increased severity of extreme weather events" such as earthquakes (TCFD, 2017, p. 6). The effects of acute physical risk result from direct exposure to hazards. Chronic physical risk, on the other hand, can be identified through "long-term shifts in climate patterns (e.g. sustained higher temperatures) that may lead to sea level rise or chronic heat waves" (TCFD, 2017, p. 6). Chronic physical risks have permanent long-term consequences as impacts, as could be the case with microplastics in food.

Plastic pollution is the subject of current research, but the precautionary principle leads to the integration of risk management and decision-making (UN, 1992). Microplastic particles can accumulate in the bodies of living beings and affect their health [START_REF] Who | Microplastics in drinking-water[END_REF]. It is therefore necessary to take countermeasures to mitigate the risk. This can be done by reducing the probability of occurrence so that exposure to microplastics can be reduced. In the case of earthquakes, the probability of occurrence cannot be influenced, at least not in the short term. But protective measures can reduce the impact of damage.

Another distinction in the concept of risk is that between subjective and objective risk. Objective risk is determined by facts about the physical world [START_REF] Schenk | Teaching and discussing about risk: Seven elements of potential significance for science education[END_REF], for example the number of microplastic particles in a section of ocean or the number of earthquakes in a certain area. Subjective risk is a social construct depending on the observer [START_REF] Schenk | Teaching and discussing about risk: Seven elements of potential significance for science education[END_REF], for example, an organisation creating awareness about food security. To trigger risk-mitigating behaviour, it is helpful to create personal involvement, which can be supported by environmental, human health or moral aspects. It can be helpful to visualise the complex issue to keep all aspects in mind or to get an overview first [START_REF] Schenk | Teaching and discussing about risk: Seven elements of potential significance for science education[END_REF].

Risk literacy

The next step is to use the understanding of a particular risk situation to make qualified decisions and act accordingly. This requires risk competence, i.e. the ability to correctly assess a hazard and the probability of its occurrence [START_REF] Garcia Retamero | Numeracy and risk literacy: What have we learned so far?[END_REF]. If the ability to select suitable action strategies is included, we speak of risk literacy. Overall, risk literacy means the "practical ability to evaluate and understand risk in the service of skilled and informed decision-making" (Garcia Retamero et al., 2019, p. 1). Risk literacy is best explained by its operational components such as reasoned decision-making, appropriate interpretation of risks or action [START_REF] Riechard | Risk literacy: Is it the missing link in environmental education[END_REF].

Mathematical modelling as an activity to improve risk literacy

To adequately assess risk and consequently make risk-mitigating decisions, it is necessary to quantify risk. This can be achieved with the help of the given definition of risk and mathematical modelling. In this way, the modelling cycle can be processed within the subject-specific science, and, at the same time, risk literacy can be taught in the educational context at the meta-level. It should be noted that, unlike in mathematical modelling, the concept of risk literacy goes a step further by including the action component. In the following, the model-building cycle is explained regarding the quantification of risk and the integration into education at a general level. In the following, the real situation is a context in which the person concerned is exposed to a conscious or unconscious risk and thus a problem arises for him or her. Examples can be issues such as pollution, climate change or environmental disasters (see Figure 2). At the beginning of the modelling cycle, the focus is on the understanding regarding the problem in the real situation. The student's risk awareness is subjective and contains few facts about the problem unless the student has prior knowledge. By simplifying and constructing, the problem is reorganised to create a situation model. For situation modelling, concepts are identified with their relationships to each other and reduced to the relevant elements in terms of problem-solving so that they can be represented in a simplified set of relationships. Important are facts that implicitly or explicitly influence the impact and probability of occurrence for quantification of the risk. Then the situation terms are transferred into the correct technical language and the situation is formally described. When transferring to the real model and problem, additional contextual information is considered so that the subjective risk becomes more appropriate. To generate solutions with the help of the model, the situation model is converted into a quantitative model using mathematical methods. The risk is quantified by using the impact and the probability of occurrence. So, the student's objective risk assessment is promoted. The mathematical result is interpreted and validated against the data generated. If the generated data of the model does not fit the original problem, the modelling cycle is repeated with adjusted simplifications. If the mathematical results are suitable for the real situation given for problem-solving and risk assessment, the results can be presented. This step leads to informed decision-making in the concrete risk situation. Now the student can act with his or her created subjective and objective understanding of risk, means risk literate.

Microplastic in schools in terms of risk literacy and mathematical modelling

After the theoretical analysis of risk and risk literacy in mathematical modelling, the integration into school is considered using the example of microplastics in food. First, the necessary prior knowledge is explained and the location in the German curriculum is discussed. Afterwards, the risk situation is modelled, and pedagogical approaches are presented.

The challenge to teachers is to train the students acting in a risk literate way in order to mitigate irrational behaviours and promote rational ones [START_REF] Riechard | Risk literacy: Is it the missing link in environmental education[END_REF]. What the students need is input about risk and risk literacy itself, for example the mentioned definitions and their interpretation [START_REF] Riechard | Risk literacy: Is it the missing link in environmental education[END_REF]. The second things are the necessary mathematical skills, because studies showed that the estimation of probability in the context of risk depends on these skills, which are not welldeveloped sometimes [START_REF] Garcia Retamero | Numeracy and risk literacy: What have we learned so far?[END_REF][START_REF] Riechard | Risk literacy: Is it the missing link in environmental education[END_REF]. Mathematical background for understanding risk are closely linked to probability and thus stochastic in mathematics [START_REF] Mbwwjk | Rahmenlehrplan Mathematik (Klassenstufe 5-9/10)[END_REF][START_REF] Mbwwk | Lehrplan Mathematik, Grund-und Leistungsfach in der gymnasialen Oberstufe[END_REF]. Third, context specific information for example about plastic waste are needed [START_REF] Riechard | Risk literacy: Is it the missing link in environmental education[END_REF]. The training can be supported by suitable visualizations [START_REF] Schenk | Teaching and discussing about risk: Seven elements of potential significance for science education[END_REF]. For example, statistics can be presented graphically, or pictures of plastic particles can be used. Moreover, situated learning can take place in these contexts [START_REF] Renkl | Situated learning: Out of school and in the classroom[END_REF]. As schools already have overcrowded curricula, it is important to integrate the topic of risk into the already existing curriculum [START_REF] Riechard | Risk literacy: Is it the missing link in environmental education[END_REF].

In the German curriculum, risk literacy can be implemented in school education -more precisely in stochastic combined with modelling in mathematics [START_REF] Mbwwjk | Rahmenlehrplan Mathematik (Klassenstufe 5-9/10)[END_REF][START_REF] Mbwwk | Lehrplan Mathematik, Grund-und Leistungsfach in der gymnasialen Oberstufe[END_REF]. For example, the probability or data and randomness are important topics. Probability is important to estimate a risk correctly, and therefore a safe approach to probability strengthens risk literacy. In a first step, data are collected and evaluated. For example, students can look at existing studies on the amount of microplastic particles in food or drinking water and graph them as a bar chart or pie chart and interpret them. During this practical activity, students also practice mathematical arguing and communication by considering how to graphically represent and interpret the data appropriately.

To understand the real situation or problem, a few facts about microplastics in food are explained. The example microplastic deals with a chronic physical risk. The WHO published a report about microplastic in drinking water (tap and bottled) in the year 2019 [START_REF] Who | Microplastics in drinking-water[END_REF]. Other studies found microplastic in honey or table salt. The way to contaminate the food and drinking water are diverse. The microplastic reaches the freshwater through several ways, for example the surface run-off or the wastewater effluent [START_REF] Who | Microplastics in drinking-water[END_REF]. In drinking water, the most frequently detected were polyethylene terephthalate and polypropylene [START_REF] Who | Microplastics in drinking-water[END_REF]. The industry cannot completely filter the microplastic or even smaller particles out of the food, so they end up in our nutrition. Microplastic has been investigated in animals whether microplastics are transported into the tissue after consumption and how they behave there. It was shown that plasticizers could be dissolved by stomach acid and thus be absorbed. Small particles were detected in the liver and kidney of mice [START_REF] Deng | Tissue accumulation of microplastics in mice and biomarker responses suggest widespread health risks of exposure[END_REF]. Criticism of the experiments is levelled at the dosage of the plastic, since this amount is not found in the environment [START_REF] Who | Microplastics in drinking-water[END_REF]. Whether the results can be transferred to humans is questionable. Since there is evidence that plastic waste could be harmful, it is not advisable to wait until it is confirmed before taking countermeasures. In such a case, the precautionary principle considers (UN, 1992). The countermeasures are initiated because postponing them would not be ethically justifiable. A possible risk should be mitigated since the removal of microplastics from the environment or even from the animal or human body is hardly possible. The mitigation of the exposition of microplastic to the body of living beings is a goal of the research and to train the risk literacy in this topic.

Applying the risk definition in this context to construct the mathematical model, the impact represents the expected harm to human and animal health, and the probability that this harm will occur [START_REF] Who | Microplastics in drinking-water[END_REF]. The difficulty of this context is that possible effects may appear after a delay, perhaps even in the next generation. For this reason, we need to deal with a chronic risk [START_REF] Mueller | Species-specific effects of longterm microplastic exposure on the population growth of nematodes, with a focus on microplastic ingestion[END_REF][START_REF] Welden | Long-term microplastic retention causes reduced body condition in the langoustine, Nephrops norvegicus[END_REF][START_REF] Who | Microplastics in drinking-water[END_REF]. Data and facts are available due to studies for example of the WHO about the microplastic in the oceans. Also, the additives which are leachable are mentioned [START_REF] Schrank | Effects of microplastic particles and leaching additive on the life history and morphology of Daphnia magna[END_REF]. There are more impacts of chemicals in plastics that create other risks like impact on the endocrine systems of humans.

To be able to support the subjective and objective risk awareness of the students, this is examined more closely using the example of microplastics. The subjective risk could be addressed through information of the food security system or movements like the anti-plastic straw movement demanding the replacement of the plastic straw with plastic-free and sustainable alternatives [START_REF] Arkesteyn | Framing environmental movements: A multidisciplinary analysis of the antiplastic straw movement[END_REF]. If we look on the possible school lesson, information about plastic, plastic waste and the impacts on human health are needed. To deal with the information appropriately, additional meta-level information on risk, risk literacy and the precautionary principle are necessary. To visualize the context, a concept map could be used to identify the necessary entities and the connections between them (Schecker & Schecker, 1998). Another example could be a credit card. Researchers found out that the population of Now York consumes 0.1g to 5g microplastic per week through nutrition (the maximum can be compared to one credit card per week) [START_REF] Senathirajah | Estimation of the mass of microplastics ingested -A pivotal first step towards human health risk assessment[END_REF]. This illustrates the amount of microplastics we are dealing with in this example. The report of the WHO provides data and graphical representations, they can be discussed with the background of stochastic analysis. For example, the students could analyse the given absolute or relative frequencies of the plastic particles in drinking water and their graphical representations. They can interpret them and discuss the advantages and disadvantages of the used diagrams.

Finally, the validation can be carried out using the available data and the results presented and discussed.

Conclusion

Quantifying risks serves as a link between risk management and mathematical modelling using the modelling cycle. Students can improve their risk competence in a mathematical education context when modelling a specific context. The example presented dealt with microplastics in food, which is a current issue regarding environmental pollution. It is also related to the SDGs with its potential impact on the health of living beings, more specifically Goal 3 -Health and Wellbeing. As risk is the product of probability and impact, stochastic is needed to estimate the probability of an event occurring and thus quantify the risk. Considering the regional requirements and constraints of the curriculum, risk literacy can be implemented in a specific context in stochastic combined with modelling in schools. Risk literacy includes the decision-making and acting in a risk situation and goes further than mathematical modelling itself. In this way, the topic can be analysed according to the mathematical prerequisites and the non-mathematical framework of the global challenges for education. OER is the basis for adaptation to these requirements, as it enables collaborative exchange and saves human resources in development.

As a general approach, students can model a problem in a risk context and thus improve their risk literacy. At the beginning, the relevance of the chosen context is analysed. Once the relevance is confirmed, the necessary context-specific information is gathered, correlated, and modelled with mathematical tools to improve risk literate behaviour based on an objective risk awareness.
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