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There is a broad consensus that Education for Sustainable Development (ESD) should be integrated into all core subjects to enable learners to acquire the necessary knowledge and competencies for a SD in a comprehensive way. How ESD can be integrated in mathematical modeling has not been clearly defined yet. Sociocritical modeling can be one possible way for implementing SD in mathematics lessons. In this paper, we develop criteria for sociocritical modeling tasks based on previous empirical findings and theoretical considerations. To conclude, the task textile consumption, that was designed based on these criteria, is presented here.

Introduction

In an era of globalization, digitalization, climate change and crises, a growing number of educators and employers are united around the idea, that students need to learn special skills to deal with these kinds of global issues1 . These issues require a shift in our lifestyles and a transformation towards a more sustainable way we think and act (UNESCO, 2014). According to [START_REF] Bakker | Future themes of mathematics education research: an international survey before and during the pandemic[END_REF] "the big question is what role mathematics education can play in meeting these challenges" (p. 7).

Education for Sustainable Development (ESD) is increasingly demanded from many sides (Nationale Plattform BNE, 2017). This requirement applies to all areas of education and to all subjects, including mathematics education. In terms of educational theory, the relevance of ESD in mathematics education can be justified, among other things, by Winter's basic experiences [START_REF] Winter | Mathematikunterricht und Allgemeinbildung[END_REF]. The first states that "Erscheinungen der Welt um uns, die uns alle angehen oder angehen sollten, aus Natur, Gesellschaft und Kultur, in einer spezifischen Art wahrzunehmen und zu verstehen" [phenomena of the world around us, which concern or should concern us all, from nature, society and culture, are to be perceived and understood in a specific way] (p.17). One goal of ESD is to empower learners with the knowledge, skills, values, and attitudes to address the above-mentioned challenges and take informed decisions and make responsible actions. Therefore, students need to gain competencies such as critical thinking and reflection, both for ESD and in math education [START_REF] Gutstein | Reading and writing the world with mathematics: Toward a pedagogy for social justice[END_REF][START_REF] Skovsmose | Mathematics and crises[END_REF].

A great deal has been assumed and researched about modeling in math education to include real-world contexts in teaching mathematics. What has been little studied is the extent to which students are also able to acquire competences that will help them become responsible citizens via working on modeling tasks. This includes, among other things, the competence to make decisions that promote SD (also called decision-making for SD). [START_REF] Bakker | Future themes of mathematics education research: an international survey before and during the pandemic[END_REF] published answers from all over the world to the question: "On what themes should research in mathematics education should focus in the coming decade" (p. 2). Many of the responses, especially after the pandemic outbreak, strongly emphasized the importance of teaching mathematics in the context of these global challenges [START_REF] Skovsmose | Mathematics and crises[END_REF]. Increased interdisciplinary teaching or problem-based learning to learn competencies such as critical thinking or decision making can be mentioned here as an example. It can be claimed that the demand for a socio-critical orientation of mathematics education is constantly increasing the more crises society has to cope with [START_REF] Skovsmose | Mathematics and crises[END_REF]. This leads to our research question: What might be useful didactical criteria for designing tasks to establish reference to SD contexts in mathematics lessons?

Theoretical Framework

The idea of integrating ESD into mathematics education is a more or less young one (UNESCO, 2014). Therefore, it is necessary to briefly address different theoretical aspects from both sides, mathematics education and ESD, to be able to compare and combine later.

Understanding, questioning, and critically reflecting on global issues using sociocritical modeling in mathematics education can be seen as a way to initiate a critical orientation within mathematical modeling. "Modelling is a powerful vehicle for bringing features of twenty-first century problems into the mathematics classroom" (English, 2016, p.10). From this it can be deduced that there is a need for tasks in mathematics education that are oriented towards socioscientific issues and, in addition to modeling competencies, also offer the opportunity to critical reflect on the context and develop decision making for SD. Because all relevant contexts and issues are composed of content from STEM subjects, this goal cannot be achieved without including STEM (Maass, Geiger, et al., 2019). Furthermore, including SD contexts in mathematical modeling is an important opportunity "to integrate science, technology and engineering in meaningful ways as students tackle problems involving mathematics in relevant settings" (National Council of Supervisors of Mathematics & National Council of Teachers of Mathematics, 2018).

What exactly is meant by socio-critical modeling, how modeling tasks can be designed, and what is understood by contexts of sustainable development is explained in the following sections.

Mathematical Modeling

The goals of modeling in math education can be considered in different ways. A distinction can be made between content-oriented, process-oriented, and general goals. The content-oriented goals include the development of the environment with the help of mathematical means. Process-related goals include general mathematical competencies (e.g., problem-solving skills) and the heuristic strategies. Finally, the general goals include culture-related arguments. Here, the focus is on the image of mathematics as a science and on conveying the importance of mathematics for active participation in society [START_REF] Greefrath | Teaching and learning mathematical modelling: Approaches and developments from German speaking countries[END_REF].

In addition to the goals of modeling presented here, various theory-based perspectives have emerged over time in the national and international discussion on modeling [START_REF] Kaiser | A global survey of international perspectives on modelling in mathematics education[END_REF]. The goals pursued can differ greatly in each case, depending on the aspect under which modeling tasks are developed, selected, and used. The perspective of socio-critical modeling, as one of seven, pursues the intention to promote discourses that are stimulated by mathematics and come from the learners' lifeworld. [START_REF] Barbosa | Mathematical modelling in classroom: A socio-critical and discursive perspective[END_REF] describes this modeling perspective as a way of critically reflecting on the role of mathematics in society. Here, the goal of modeling is primarily to generate interdisciplinary thinking (special relation to STEM education) and critical discourse among learners. The crucial role, the context of the task can have, is particularly evident in this form of modeling.

Socio-critical modeling can deal, among other things, with socio-scientific issues (e.g., cloning or stem cells) and social issues (e.g., gender-pay-gap). Real problems like these often include ethical, moral, social, or cultural dimensions and thus challenge us to become aware of the subjectivity of modeling processes. This is done by critically reflecting on all steps of a modeling process. However, the outcome of such modeling can lead students to critically reflect on their own behavior and make recommendations based on their own modeling.

Sustainable Development Contexts

The difference between an issue and its context is that the context can be far more complex and considers more perspectives and information [START_REF] Sadler | Informal reasoning regarding socioscientific issues: A critical review of research[END_REF]. One important question when it comes to realistic contextualized tasks is the amount of reality on the one hand and mathematics on the other hand. So, with SD contexts in modeling, it is rather important to address both. It has been noticed that "it can be difficult to identify and address the mathematics involved in the contexts" (Maass, Doorman, et al., 2019, p.1001). We entirely agree that this difficulty points out the necessity to include such issues and the inherent mathematics. As an example for SD contexts that should be more present in mathematics education, a discourse from science, politics and society led to the identification of central problem areas for the design of SD. According to them, the socioscientific core problems of the 21 st century include: climate change, world food supply, soil degradation, drinking water and biodiversity [START_REF] Reid | Earth system science for global sustainability: grand challenges[END_REF]UNESCO, 2014). Of course, there will be many more challenges, especially of a social nature, such as racism or migration, which will not be discussed further here for the time being.

The Guide for embedding ESD in textbooks presents a first orientation to place SD contexts at the core of school subjects through the implementation in textbooks. The authors outlined 15 guidelines for creating mathematics curriculum resources that support ESD which include among others: real contexts, current issues, complexity, values, access to data, interdisciplinarity, opening dialogue, collaboration and courage (MGIEP & UNESCO, 2017).

Modeling task design

To encourage students to engage in mathematical modeling, suitable problems and tasks are required. Several theoretical approaches for the design of modeling tasks exist but will not be further outlined here [START_REF] Blomhøj | Teaching mathematical modelling through project work[END_REF][START_REF] Maaß | Classification scheme for modelling tasks[END_REF].

Another possibility for the conception of good modeling tasks is the orientation at criteria, based on which their quality can be classified. At this point it should be emphasized that there are no "the" criteria of modeling tasks. The goal, which is followed with the processing, is in the focus. Even a good modeling task does not have to fulfill all criteria equally. The criteria according to [START_REF] Maaß | Mathematisches Modellieren: Aufgaben für die Sekundarstufe I[END_REF] will be considered here, which she names as "typical" for modeling tasks are 1. open, 2. complex, 3. realistic, 4. authentic, 5. problematic and 6. solvable by carrying out a modeling process.

For the design of modeling tasks that support decision making for SD, one needs real contexts and current issues. SD is thus considered a new context generator for mathematics education. Therefore, it must be ensured that the SD context is accessible using mathematical methods. As already stated above, scholarly studies and societal experiences have been able to identify some core problem areas in the discourse that are of particular importance for the design of a SD. These core problems now serve as a thematic orientation framework for the task design. Accordingly, the issues to be addressed should be 1. central to SD processes, 2. locally or globally, 3. have potential for action, 4. have long-term significance and 6. can be dealt with in an interdisciplinary manner.

Based on these theoretical thoughts we here report our approach for the design of SD context modeling tasks. For this purpose, the process of the criteria merging is shown first. Subsequently, the exemplary task based on these results is presented.

Merging Criteria

Comparing both sets of criteria, some overlap can be found in what seem to be characteristics of good modeling tasks. The design of the tasks should succeed in such a way that modeling competencies are promoted and at the same time interest in the concerns of SD is aroused in the students. Additionally, they should be stimulated to reflect critically or argue concerning SD issues. For this purpose, criteria from the two different domains were compared (see Figure 1). In addition to the criteria for modeling tasks [START_REF] Maaß | Mathematisches Modellieren: Aufgaben für die Sekundarstufe I[END_REF] (green box), the guidelines for embedding ESD in textbooks (MGIEP & UNESCO, 2017) (orange box), were considered. In the process of merging, similarities and differences of both guidelines were worked out. An attempt was made to create a catalog of eight criteria that would include both guidelines in equal parts (see arrows Figure 1). The result of the comparison of the criteria are eight characteristics for modeling tasks in the context of ESD (yellow box). 

SD context modeling task designan example

In the following, we show how these criteria can be applied to a selected current issue for the design of a modeling task. Starting with a current issue like "Fast Fashion" and embedding the problem in a real context of global development like climate change is one possible way to begin with the task design. Based on the problem and context chosen, the corresponding values should be named, and open and realistic question should be formulated, that is solvable by modeling activities and in some way suitable for a critical reflection. If possible, a longer-term potential for action should be able to be defined from the task. For the context of the modeling task presented in this paper, the issue "Fast Fashion" has been chosen (see Table 1) which, on the one hand, has a strong connection to the youth reality and, on the other hand, is related to the core issues of SD. Since, in addition to modeling competencies, it is primarily that critical reflection and arguing are to be promoted, the potential for personal action must be apparent to the students. Therefore, the guiding theme consumer behavior has been chosen, as it effects every student, has multiple effects on socio-scientific and social issues and provides mathematical content to work with (see Table 2). 

Question

How big would your closet have to be in 10 years if you don't sort out or dispose of anything in between and continue to shop the way you have been?

Mathematical Content

Convert units, rule of three, rounding, estimating, calculate with volume

Learning target

Trigger AHA effect about own consumption behavior and effects

Preliminary experience with the modeling task "Textile Consumption" (see Table 2) was gained with 50 grade 10 students. They worked in small groups of 3-5 people, and after completing the tasks, group interviews were conducted for qualitative data collection. The use in a 10th grade mathematics class has shown that the students were able to reach a result with the task through modeling activities (understand/simplify, mathematize, work mathematically, interpret, and validate). In addition, the results of the interviews showed that a critical reflection of the given issue took place at several points. It should be mentioned here that the way the interviews were conducted, and the limited time frame did not allow for further discussion and reflection of the results. Nevertheless, all groups critically reflected on the problem of Fast Fashion and their own consumption. At this point, we would like to provide two quotes from the interviews as examples.2 

In any case, the task has made it clear to me that I should perhaps reduce my consumption a bit. My clothes are really a lot, and I might also look in the next few years that I sort things out and give them away...it's always difficult to separate, but that you then get rid of clothes and give them to people who need them. (Diana)

Through this quotation it becomes clear that the student has recognized for herself, due to the work on the task, that she should limit her clothing consumption. However, it can be noted that she does not necessarily aim to buy less new clothing, but rather to pass on existing clothing. Nevertheless, it can be stated that the processing of the task has led to a critical reflection on and examination of the context. This connection becomes even more apparent in the following second quote. In this quote, the student himself makes a direct connection between calculating the amount of clothing and initiating reflection on his own clothing consumption:

Because you have calculated how many clothes you buy and how big your closet should be, you start thinking that you buy a lot of clothes that you might not even need...not that much. (Enya)

These two quotes show that mathematics can certainly be used for critically reflecting on a context in a meaningful way. They show two different kinds of a critical reflection based on the students' experiences while working on the modeling task textile consumption. The students interpret their mathematical solution in the given context and start to substantiate their arguments for reduced textile consumption with their mathematical results.

Summary & Outlook

Based on the question, what role mathematics education can play in meeting global challenges like crises, globalization, and the urgent need of a sustainable development, we started with SD contexts in socio-critical modeling creating content for mathematics classrooms. The research question to be answered here related to possible criteria for the design and implementation of tasks that support arguing for decision making for sustainable development.

The literature research has shown that so far, no criteria for tasks in general as well modelling tasks in particular have been formulated, which are to promote explicitly competencies such as decision making for SD. Thus, the set of criteria elaborated in this work could be usefully applied in further research for the design of SD context modeling tasks. Designing and evaluating further teaching materials based on these criteria is a worthwhile task for future research.

The quotations of students presented make it clear that by working on the task, the students have begun to question their own textile consumption, even though the intentions for action expressed by both are subjective and different. This shows that tasks with an SD context have the potential to stimulate critical reflection and promote arguing even outside of mathematics. Future research is needed to determine how, why, and to what extent this approach can work in general.

Figure 1 :
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Table 1 : Exemplary application of the criteria current issue
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	Fast Fashion

Table 2 : Textile consumption as an exemplary SD context modeling task Task Textile Consumption
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https://www.unesco.de/sites/default/files/2018-08/unesco_education_for_sustainable_development_goals.pdf

The quotes are translated by the authors and the names of the students have been changed.