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In response to global challenges, the United Nations has committed themselves to the implementation of 17 Sustainable Development Goals. The framework for this implementation in Germany is the "Orientierungsrahmen für den Lernbereich Globale Entwicklung" with recognition, evaluation and action as core competencies of Education for Sustainable Development. The paper presents the role that mathematical modelling can play in this context. For this purpose, a well-known modelling problem is used as an example to show the potential of this problem in terms of promoting or deepening the core competencies of Education for Sustainable Development. The aim is to illustrate how Education for Sustainable Development can be integrated into mathematics lessons without having to provide additional teaching materials or much extra time.

Introduction

Climate change, infectious diseases, or access to clean drinking water for all people are global challenges of our time [START_REF] Fensham | Preparing citizens for a complex world: The grand challenge of teaching socioscientific issues in science education[END_REF]. In response to these and similar global economic, social and environmental changes and challenges, the United Nations has formulated 17 Sustainable Development Goals (SDGs) and committed to their implementation. Students should be empowered to help shape this sustainable development and find responses -both now and later as adults -to the challenges or threats mentioned. One possible approach to integrating the requirements of a didactics oriented towards complex sustainability problems as presented by [START_REF] Fensham | Preparing citizens for a complex world: The grand challenge of teaching socioscientific issues in science education[END_REF] is Education for Sustainable Development (ESD). Here, the concept of Gestaltungskompetenz (shaping competence, e.g. de Haan, 2010) has been established internationally. In Germany, the Orientierungsrahmen für den Lernbereich Globale Entwicklung (KMK / BMZ, 2016) specifies the contribution of the individual subjects to ESD at the level of the teaching subjects and aligns it with the dimensions of Gestaltungskompetenz.

In order for teachers to be able to integrate ESD into the classroom, they need, in addition to extensive subject-specific and interdisciplinary professional knowledge, in particular clear knowledge about a) learner competencies to strive for in the context of ESD, and b) which methods and procedures can be recommended for the effective promotion of these competencies [START_REF] Riess | How can education for sustainable development (ESD) be effectively implemented in teaching and learning? An analysis of educational science recommendations of methods and procedures to promote ESD goals[END_REF]. In the following, we will take a closer look at both aspects theoretically and present an example of how ESD can take place by working on modelling problems in mathematics lessons.

Role of modelling in the context of ESD

ESD -at least that is the approach in Germany -is to be integrated into the teaching of all subjects. By using mathematical concepts in the context of ESD, it can be possible for students to "experience that mathematical concepts and techniques are useful in many situations as 'amplifiers' of their everyday thinking." (Heymann, 1996, p. 547, translated by the authors), i.e., that they recognise the usefulness of mathematics in the context of ESD. Furthermore, modelling or aspects of modelling play an important role in the implementation of ESD in mathematics education. Thus, the acquisition of modelling competencies in mathematics education also takes on meaning. This idea is not new but corresponds to [START_REF] Barbosa | Mathematical modelling in classroom: A socio-critical and discursive perspective[END_REF] idea of socio-critical modelling, which provides a framework for critical and reflexive discussions as a discursive perspective.

Applying mathematics in real and meaningful contexts by means of real problems, issues, or existing problems, enables learners not only to recognize the value of mathematical concepts for understanding SDG-specific problems, but also to find arguments for specific actions as well as to evaluate recommendations and proposals for action resulting from modelling. Based on the construct of Gestaltungskompetenz, three core competencies have been formulated for implementing ESD into teaching, which have been differentiated subject-specifically (for mathematics for lower secondary school see [START_REF] Reiss | Mathematikfachdidaktischer Teil [Mathematics -didactical part[END_REF]. These are the competencies of recognising, evaluating and acting.

Recognising, evaluating and acting in relation to modelling

Formulating appropriate mathematical questions for the problem presented, as well as obtaining the appropriate data and presenting it in a problem-oriented way, all of which are prerequisites for creating a real model, can be part of the competence of recognising. In addition, the perception of individual, social, economic, ecological and political aspects as influencing factors on the process of mathematisation can be evaluated as an indicator for the core competence of recognising as well as the reflection on the quality and limits of (different) mathematical models for describing and analysing global development and the insight that different models for global questions in the same thematic context can lead to different results. This also includes the insight that models may only describe parts correctly and therefore adjustments regarding the question are always necessary. Grasping the value of mathematical modelling as an interdisciplinary method for the analysis of SD contexts is part of the sub-process of interpreting and validating the results achieved by modelling. Finally, developing predictions for questions from SD contexts and deriving mathematical hypotheses from these predictions as well as grasping the usefulness of mathematical modelling as an interdisciplinary method for analysing SD contexts are part of the core competence of recognising.

The core competence of evaluating can become apparent in both the evaluation of presented modelling results and the evaluation of the results produced with the help of mathematical modelling itself. The former includes critically questioning existing modelling results on development issues of globalisation and using them to build consensus. Furthermore, graphical representations and tables with data on global issues should be able to be evaluated as well as arguments in an interdisciplinary context regarding different interests and conditions. The second point includes the use of mathematical concepts to evaluate target group-oriented argumentations in SD contexts as subprocesses of mathematising, explaining, presenting and taking a well-founded position on the results of one's own modelling processes within the sub-process of reporting, as well as assessing the results of independent modelling of mathematical considerations in an interdisciplinary context and in discussions.

Finally, the core competence of acting can manifest itself, on the one hand, in verifying and falsifying statements to form opinions. Furthermore, the competent application of concepts and procedures of mathematics as tools in the individual, social, economic, ecological and political context in an interdisciplinary manner and in dealing with expert statements in the context of mathematising can be seen as part of the core competence of acting. The reflected application of mathematical concepts and procedures to generate models for global change and the use of mathematical methods for risk assessment, in order to be able to take a critical stance in particular in open and novel situations in the context of mathematical work, also form part of this core competence. Likewise, realising and evaluating the consequences of one's own actions with regard to the goals of sustainable development with the help of mathematical methods as part of interpreting, as well as using mathematics from a meta-perspective as a tool to be able to rationally discuss, influence and/or solve conflicts without giving up a claim to validity, can be attributed to the core competence of acting.

Criteria for ESD tasks

To integrate ESD into mathematics lessons, tasks are needed that enable students to reflect on SD context and to recognise their own possibilities for action in order to develop or deepen the abovementioned core competencies of ESD. Specifically, according to UNESCO/MGIEP (2017), tasks should include real contexts to support the statement that mathematics is a useful tool to evaluate situations and events and to verify claims. Furthermore, the complexity of the context should not be unnecessarily simplified, otherwise students may get the impression that mathematical abstractions are more important than the contexts for which they were developed, or that mathematics cannot adequately address real-world complexity. Accordingly, tasks should include real-world data where possible, and students should be given the opportunity to use publicly available data to work on them, so that they gain the skills and confidence to do so in extracurricular challenges. This also includes that students learn that they can and have to look for the possible mathematical methods to work on the problem themselves and also take into account knowledge from other school subjects or everyday knowledge.

ESD, and not just the completion of tasks, can only take place if the students are encouraged to work together and exchange ideas in order to get to know different perspectives. They must have time to do this, and the discussion of different results or interpretations must be explicitly integrated, as well as the reflection on how this can be done. Furthermore, it is important that politically and socially sensitive contexts are used, but to leave the assessment of the results to the students themselves. However, students must be conveyed that their opinions should be based on provable arguments, which can be obtained, for example, with the help of mathematical procedures, but that the assumptions and data leading to these arguments must also be disclosed and critically questioned.

Many of the criteria mentioned by UNESCO/MGIEP (2017) correspond to the criteria that are supposed to apply to good modelling tasks, such as those established by [START_REF] Maaß | Classification scheme for modelling tasks[END_REF] or [START_REF] Blomhøj | Students' reflections in mathematical modelling projects[END_REF]. Therefore, the question arises whether modelling problems already exist, with the help of which ESD has already taken place in mathematics teaching in the past.

Modelling problem for an ESD

In order to show that modelling problems that fulfil the above criteria and encourage students to apply and deepen competencies in the sense of ESD without this being explicitly demanded of them already exist, the task "Initiative for the Rainforest" (see Figure 1) is analysed below as an example.

Initiative for the Rainforest In 2002In , 2003In , 2005[START_REF] Barbosa | Mathematical modelling in classroom: A socio-critical and discursive perspective[END_REF] and 2008 the brewery "Krombacher" carried out the following initiative in cooperation with the WWF (World Wildlife Foundation) for 3 months each year:

For every crate of Krombacher beer sold, one square metre of rainforest in Dzanga Sangha (Central African Republic) is sustainably protected.

Study the impact of this action on global rainforest deforestation

For your information: Every day approx. 356 km² of rainforest are cleared or burned down worldwide, of which approximately 93 km² alone are in Africa. Germans drink an average of 107 litres of beer per person per year. The task for the students is to analyse and evaluate the advertising campaign of a brewery. To do this, the students first have to take some relevant values from the task text (per-capita consumption of beer per year, duration of the promotion period, area of rainforest cut down daily), research or reasonably estimate other values (market share of the brewery, number of inhabitants) and make and justify reasonable assumptions (distribution of beer consumption over the year, litres of beer per crate). With these values, they can then calculate the number of crates of beer sold in the campaign period, based on beer consumption in the campaign period and the brewery's share of this consumption, and from this determine the area of rainforest saved. This is then to be compared with the deforested area. With an estimated market share of 10%, the assumption that beer consumption is evenly distributed over the year and that there are about 9 litres of beer in a crate, students conclude that the proportion of the area protected in the entire period is less than 0.1% of the area deforested worldwide in the corresponding period.

Potential of the task in terms of ESD

Overall, the task is based on a real context, as it is an advertising campaign that can still be found on the internet, even if it was many years ago. The figures, which are based on those from the year of the advertising campaign, are also real and can, however, also be supplemented or replaced by current figures. The problem itself is not particularly complex, which is why the problem was not reduced in its complexity. Nevertheless, a complex problem area is presented, the processing of which requires not only different basic procedures, but also the use of everyday knowledge. The open task of examining the impact of the advertising campaign leads to the fact that students can (and must) evaluate for themselves whether they consider this advertising campaign to be useful. By working together in the group, a discourse is stimulated almost automatically, in which it can become clear that the same result can lead to different evaluations. The calculated value of less than 0.1% usually leads to the students thinking about how they can present this value in a meaningful way, so that their evaluation of the situation becomes clear (see Figure 2), or what would happen if, for example, all breweries took part in this action. deforested and protected area in the promotion period (in km 2 ) deforested area per day and protected area in the promotion period (in km 2 )

Figure 2: different presentations of the results

Overall, it can be said that working on the modelling problem has the potential to show connections between different mathematical areas as well as to other school subjects, to leave time to reflect on the connection between ESD and mathematics, to encourage collaboration in order to experience the perspectives of others, and to leave judgements and decisions to the students themselves.

Student activities related to the core competencies

As shown, the modelling problem fulfils many criteria that should apply to good ESD tasks, and thus has the potential to lead to an ESD. The question now is to what extent this potential also becomes effective. We would like to illustrate this with the help of the work processes of two small groups. The data comes from the MeMo project [START_REF] Vorhölter | Metacognition in mathematical modeling: The connection between metacognitive individual strategies, metacognitive group strategies and modeling competencies[END_REF], whose goal was to promote metacognitive modelling strategies and was not explicitly related to ESD. The students of both groups are in the 9th grade and in neither group was the concept of ESD addressed in advance or even during the working process. The aim of the following presentation is not to empirically prove to what extent this particular task enables or even provokes the use of core competencies in which way, but only to illustrate our theoretical considerations above.

Group 1 consisted of two girls and two boys who initially worked on the task without discussing the context. After about 20 minutes, they received the result that 600 square kilometres were protected during the promotion period. The evaluation of the campaign differed. While Philipp stated rather neutrally, "That's really little. That means that in just two days more will be burned or something like that than will be saved in five years or a year, so to speak", his classmate Juli frustratedly stated, "That's not going to do you any good?!" but to finally state: "Every square kilometre counts". As they went on, they reflected on the assumptions they had made and their influence on the outcome: All these values are only true if everyone drinks Krombacher, which they don't. Adriana:

Yes. Yes, but you can still relate it to the effect. Juli:

Yes, it's also hard to relate all types of beer to the effect. Navid:

That means even less is saved. [...] Even less, is saved still so much is destroyed, that is, you can't really prevent it. Hm, poor monkeys.

In particular, Navid's last, almost exasperated statement shows that the students did not perceive the task as a mere calculation task in mathematics class, but moreover reflected on the results they calculated and related them to life outside of school. They recognised that the application of mathematics can help them to question measures and recommendations and to form their own opinion. Furthermore, they saw the influence of certain assumptions on the result, which in this specific case led to an evaluation of the advertising campaign, but in other cases can also lead to the identification of options for action.

Group 2 consisted of one girl and two boys. Unlike the first group, Tim stated after only 1.5 minutes: "That doesn't do anything!", to which Finn replied ironically: "Yes, it does, it saves the world". After a total of 5 minutes, Tim elaborates: Tim: Hey, that doesn't help at all. They only did that so that people would think: Dude, they're doing something for the environment, dude, I'll buy my beer there now. [...] They probably wrote on the crate: We stand up for the environment. And then on the back they wrote it really small: We protect one square metre for one crate [...] I'm going to go to the page and look at what it says about the campaign".

It is clear from this statement that Tim not only evaluates the action itself, but also highlights possible manipulation by the brewery. In addition, his interest in the situation seems to be aroused, as he wants to find out more. Through this, he gets the information that the brewery has already protected 9700ha and tries to convert this information into the unit km 2 given in the text of the task, but again suspects a possible manipulation on the part of the brewery, if one only pays attention to the numbers, but not to the units: Tim: So Krombacher will write it down like this: Yo dude, we save 3million square metres a day. And we write down, they save 3 square kilometres compared to 365 square kilometres a day are deforested.

He then decides that the absolute figures are not meaningful, but that the figures should be given as a percentage.

This group also reflects that "it [would] only begin to make a difference if the whole world did it", thus recognising the dependence of the calculated result on the assumptions made of consumption and market share.

And again, controversial opinions about impact prevail in this group:

Finn: So that it brings something, something. But as it is, it really doesn't help at all. Johanna:

Well, someone has to start, right?

In summary, it can be said for this group that the students have taken the task as an opportunity to deal more intensively with the deforestation of the rainforest, using media to obtain further data and present them in a problem-oriented manner. The latter is not only evident in Tim's consideration that the values given as percentages are more meaningful than the absolute value, but also in the fact that they were looking for a meaningful unit to represent their results. In this context, they have realised that the same result can be presented in different ways that are beneficial depending on the perspectives or interest group. Thus, they not only recognised that results can be presented in different ways, but also made evaluations for the respective possible ways of presentation. Thus, as part of the competence to act, they have made it their own that one can use mathematical statements and analyses to contribute to structuring and forming opinions and to assume personal co-responsibility for sustainable development.

Taken together, it is clear from the work of the two groups that the students have recognised -that they can check the meaningfulness of the advertising campaign themselves using simple mathematical means, -the assumptions they make influence the results, -they can assume or research data needed for the activity, -certain forms of presentation are useful/ more meaningful for communicating with others.

In addition, with regard to the core competence of evaluation, they questioned the advertising campaign from different perspectives or with regard to different purposes, and options for action were opened up to them by using the results of the modelling for objective discussions regarding the meaningfulness of the advertising campaign. This means that the modelling problem has already been set in such a way that the core competences of ESD are promoted.

Summary and outlook

For the successful implementation of ESD in mathematics lessons, teachers need to know what competencies students need to have in relation to ESD and how these competencies can be built up in the subject lessons. At the same time, it is important that the requirement for ESD is not seen as an additional requirement alongside the existing ones, but that integration is linked to the existing requirements in terms of content and does not demand much more time.

Through the subject-specific differentiation of the core competencies of ESD for lower secondary level [START_REF] Reiss | Mathematikfachdidaktischer Teil [Mathematics -didactical part[END_REF], a first step has been made in this direction in Germany. In this paper, we have shown that modelling as a mathematical activity is a way to address the core competencies in the classroom. Furthermore, we have presented an already existing modelling problem that has the potential for an implementation of ESD in mathematics education. However, for a successful implementation of ESD in mathematics lessons, it is important to extend these exemplary process analyses of a qualitative nature and also to examine the competence acquisition of the students in a data-based manner. For in the two working processes presented, which served purely as illustrations in this paper, considerable differences became apparent: the core competencies were shown at different times, and the proportion of the different competencies varied in the groups. If one compares the two work processes of the groups, it is noticeable that group 2 applies and deepens the core competencies throughout the entire work process, mainly recognizing and evaluating, but from the beginning. Group 1, on the other hand, shows mainly the competence of recognizing, the context of the task is only addressed after the first results have been calculated, and only very superficially. In addition, differences were found at the student level: While some students addressed the context of the task on their own and showed core competencies accordingly, others did so only as a reaction or after being prompted.

Thus, in addition to the new development of modelling problems based on the criteria for ESD tasks, it would also be important to investigate how questions in the problems must be formulated in concrete terms so that the students also use the potential of these modelling problems in the sense of ESD.
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 1 Figure 1: Modelling problem "Initiative for the Rainforest", adapted from Leiss et al. (2006)