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Method and Description of the research topic

In the framework of topic-specific design research, see e.g. [START_REF] Gravemeijer | Topic-specific design research: An introduction[END_REF] and the literature cited therein, we consider dynamical systems both from content and design perspective. We report on the introductory two steps of the design research cycle according to the FUNKEN model by specifying and structuring the content and discussing initial ideas for design development. As a result, we outline a first teaching-learning arrangement dealing with discrete epidemic models. Design experiments are to follow in a next step.

Specifying and structuring the content, design principles

On a formal level (Gravemeijer and Prediger, 2019, p.47), Epidemiology is both an interdisciplinary field and highly relevant for understanding the global issues in treating the Covid-19 pandemic and therefore chosen as underlying topic. The professionally recognised basic model is the SIR model according to [START_REF] Kermack | A contribution to the mathematical theory of epidemics[END_REF], which is used both in a discrete and in its continuous variant. Our design goal is a teaching-learning arrangement for grades 9 and 10, so for curricular reasons only discrete models can be considered. On a semantic level the proposed arrangement is intended to tie in with exponential growth, the idea of iteration and simultaneously to enable a wide range of modelling activities. As a design principle, we use the four-step model "Mathematise → Mat. Work → Interpret → Validate" (Blum, 2015, p. 82). Our second design principle is visualisation to support structuring. Students are asked to work with the aid of flow-charts throughout the intended tasks, which is an excellent tool for clarifying complex iterative processes by providing a stringent pictographic representation [START_REF] Sommer | Fachinhalte visualisieren[END_REF]. For an example of a possible flow-chart see Figure 1. The teacher should focus on supporting students by translating the flow-charts into formal difference equations. The use of a spreadsheet program (e.g. Excel) and the graphical representation of the results scaffolds mathematical working.

Sketch of the developed design

We organise the modelling activities according to runs of the modelling cycle. In each step, a difference equation is set up (mathematisation), implemented with help in a spreadsheet programme (inner-mathematical work), the result is displayed graphically, interpreted and validated.

Exponential model: 𝐼 𝑛+1 = 𝐼 𝑛 + 𝛼𝐼 𝑛 . Focus in this step lies on the effective contact rate α giving the average rate of contacts of an infected person leading to a new infection. Problem: Exponential growth. After a while there is nobody left, who could be infected. . Compared to the formulation of the infection term as 𝑎𝑆𝐼 [START_REF] Ableitinger | Biomathematische Modelle im Unterricht[END_REF], the parameter 𝛼 retains its meaning here in the transition from the exponential model to the SI-model. Problem: In the end all people are infected. There is no recovery and immunisation.

SI-model:

SIR-like model:

The group 𝐼 is split into several groups, depending on the number of days a person is already infected. After a few days, the exact number has to be specifiedhere we assume 8 days -, the infected recover. The final model is depicted in Figure 1. In subsequent modelling runs, contact restriction measures, testing and quarantine strategies, vaccinations and different virus variants can also be taken into account. Initial experiments show that students can arrive at sensible models here, at least at the pictographic level.

As a next step, this proposal is going to be empirically studied and further specified and improved. Our first questions are: To what extent 1) do students form a semantic understanding of the terms and parameters involved, 2) are students enabled to translate flow-charts in difference equations, and 3) are students enabled to break down complex real-life situations in epidemiological contexts into easier sub-problems through this teaching-learning arrangement?

  In addition to the class of the infected 𝐼, the class of susceptibles 𝑆 is introduced. The probability that the contact person of an infected is susceptible is modelled by the Lagrange probability 𝑆 𝑁 where 𝑁 is the size of the whole population 𝑁 = 𝑆 + 𝐼 leading to the difference equations 𝑆 𝑛+1 = 𝑆 𝑛 -𝛼 ⋅ 𝐼 𝑛 ⋅ 𝑆 𝑛 𝑁 and 𝐼 𝑛+1 = 𝐼 𝑛 + 𝛼 ⋅ 𝐼 𝑛 ⋅ 𝑆 𝑛 𝑁
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 1 Figure 1: Flow-chart of a discrete SIR model with age structure