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Students' language proficiency and their mathematics achievement are interrelated. Teachers should take this into account in language-responsive teaching. They need to be trained accordingly. The paper describes the first results of a design research study on the professionalization of pre-service teachers on the subject of "teaching functional relationships in a language-responsive way". The goal of their professionalization is to provide them with content-related didactical knowledge and tools for language-responsive teaching. In initial interviews, it has become apparent that it is also necessary to ensure that the pre-service teachers themselves have the opportunity to acquire precise professional language resources to explain functional relationships.

Theoretical background

Language proficiency is a factor with a strong connection to mathematics achievement [START_REF] Heinze | The development of mathematical competence of migrant children in German primary schools[END_REF]. Tasks with high conceptual demands are more difficult than tasks with reading obstacles [START_REF] Prediger | Language proficiency and mathematics achievement -Empirical study of language-induced obstacles in a high stakes test, the central exam ZP10[END_REF]. The epistemic role of language describes language as a means of conceptual development [START_REF] Heller | Academic discourse as situated practice: An introduction[END_REF]. Teachers should be aware of this importance of language for mathematics learning. Therefore, the topic should be part of teachers' professional knowledge.

Due to the increasing language diversity in mathematics classrooms, language-responsive teaching should also become an integral component of the professionalization agenda [START_REF] Prediger | Investigating and promoting teachers' expertise for language-responsive mathematics teaching[END_REF]. Prediger (2019, p. 372) identifies five jobs in language-responsive mathematics education for this purpose: (1) "NOTICING language resources", (2) "DEMANDING language in cognitively and discursively rich learning situations", (3) "SUPPORTING language so that students can fulfil demands slightly above their current proficiency level", (4) "DEVELOPING language of students from a longer-term perspective", (5) "IDENTIFYING mathematically relevant language demands so that the noticing and supporting can focus on crucial rather than peripheral demands". As can be seen in particular in the job IDENTIFYING mathematically relevant language demands, the language-related demands are always to be thought of in content-specific terms [START_REF] Prediger | Investigating and promoting teachers' expertise for language-responsive mathematics teaching[END_REF], which makes this job a foundation for the other four jobs.

The professional knowledge of teachers includes, among other things, the pedagogical content knowledge [START_REF] Shulman | Those who understand: Knowledge growth in teaching[END_REF], which covers, for example, the knowledge of students' (mis)conceptions, instructional strategies, curriculum and others.

Functional relationships are a significant mathematical topic that can be found throughout many grades [START_REF] Niss | Functions learning and teaching[END_REF]. It is well known that learners have difficulties understanding the concept of function [START_REF] Leinhardt | Functions, graphs, and graphing: Tasks, learning, and teaching[END_REF][START_REF] Prediger | School academic language demands for understanding functional relationships: A design research project on the role of language in reading and learning[END_REF]. For these reasons, the topic was selected as the content focus of the study presented in the paper. In the function concept, different subjectspecific and subject-didactic aspects are relevant. First of all, it is important to recognize that a function describes a relationship between quantities [START_REF] Zindel | Dealing with function word problems: Identifying and interpreting verbal representations[END_REF]. Thereby, the direction of the dependency of the involved quantities or variables is also given, which means that one quantity depends on the other. A function can be represented by different forms of representation (namely situation, table, graph, function equation). In order to understand functional relationships, the use of these forms of representation, their interconnection and the ability to switch between them is necessary [START_REF] Leinhardt | Functions, graphs, and graphing: Tasks, learning, and teaching[END_REF]. A further conceptual approach to functions is to consider different perspectives on a functional relationship. Thus, individual pairs of values (correspondence aspect of the function), the characteristic change of one quantity due to the change of the other quantity (covariation aspect of the function), or the function as an independent object (function as a whole) can be considered [START_REF] Vollrath | Funktionales denken [Functional thinking[END_REF]; see, e.g., [START_REF] Busch | Promoting secondary teachers' diagnostic competence with respect to functions: Development of a scalable unit in Continuous Professional Development[END_REF], for a summary in English). Another important aspect is the knowledge of misconceptions [START_REF] Leinhardt | Functions, graphs, and graphing: Tasks, learning, and teaching[END_REF]. The graph-as-picture error (e.g., [START_REF] Clement | Misconceptions in graphing[END_REF][START_REF] Busch | Promoting secondary teachers' diagnostic competence with respect to functions: Development of a scalable unit in Continuous Professional Development[END_REF], as an example of a misconception, is relevant in a task described below. Finally, there are different types of functions, which all fulfil the basic characteristic and conceptual notions described above. However, they have their own characteristics, which can be compared and distinguished from each other. Teachers should be able to identify the learners' language-related difficulties related to this content in order to support them in a language-responsive way.

The aim of the study is to explore and promote pre-service teachers' professional knowledge on the topic of "teaching functional relationships in a language-responsive way". On the design level, the goal is to create a teaching-learning arrangement for pre-service teachers that supports building the competencies needed for this purpose. The aim on the research level is to investigate typical learning pathways and possible hurdles in their professionalization processes.

Methods

Integrating the design interest and the research interest, a Design Research study is conducted [START_REF] Prediger | Design research with a focus on learning processes -an overview on achievements and challenges[END_REF]. Here, four working areas are processed and interlinked in iterative cycles. The design level is divided into the working areas Specifying and structuring learning contents and Developing the design. In the first step, the learning content is defined and organized. Based on this structure, a design is developed, which is then converted into concrete material, for example, a teaching unit. The research part will then focus on conducting design experiments and developing local theories to complete the cycle. The materials developed are used in investigations and the results are analyzed. Finally, guided by the research questions in the fourth work area, local theories are worked out. Findings from this step can be used to further refine the content and goals in a subsequent cycle.

The design interest and research interest of the PhD project can be situated within the framework as shown in Figure 1. In the current phase of the first design cycle, the focus is on question D1 (cf. Figure 1). The above-mentioned didactic categories (recognizing variables involved as well as the direction of dependency; recognizing required conceptions and possible misconceptions; naming and using properties of specific types of functions) and knowledge about language-responsive mathematics teaching are considered as core elements of the professionalization subject at the current stage of work. In addition to these theoretical considerations, it is also important in this working step to get an impression of the knowledge pre-service teachers may have in connection with functional relationships and how they can address and express it. Thus, the research question for the investigation presented in this paper is as follows:

Which didactic categories do pre-service teachers activate when analyzing requirements in tasks related to functional relationships? Does a language-responsive view emerge in this process? In an initial exploration in this first design experiment cycle, semi-standardized interviews were conducted with five pre-service teachers in a 4.5-year secondary teacher education program. Four of these pre-service teachers were in their fourth year of study at the time of the interview, and one preservice teacher was in her final semester. All interviewed pre-service teachers have chosen mathematics as one of their subjects and will be qualified to teach mathematics in secondary schools after graduation. The interviews were transcribed and analyzed in a deductive-inductive procedure using thematic categories [START_REF] Kuckartz | Qualitative text analysis: A systematic approach[END_REF] to determine whether, on the one hand, the didactic categories described above or, on the other hand, a language-responsive focus were evident. In the course of the analysis, these thematic categories were complemented by an additional category, verbalization, which refers to a meaning-related use of language to describe functional relationships.

Design

The tasks were selected for the interviews in such a way that they cover a lot of the above-mentioned thematic categories, namely the didactic categories and the language-responsive focus. The preservice teachers were asked to solve the two tasks described below, to talk about their approach to solving them, and to analyze the tasks from a teacher's perspective. The discussion of these tasks with the pre-service teachers should show which requirements they can recognize in the tasks and thus give indications of which subject-specific and subject-didactic knowledge can be activated by them. Furthermore, it should be determined whether language-responsive elements can already be recognized in the statements of the pre-service teachers regarding the mentioned contents. In the following, the tasks are listed and evaluated. The thematic categories are covered by Task 1 (cf. Figure 2) as follows. This task provides a basis to address different conceptions. A situation of a roller coaster is described in a text and is to be represented in a graph. Since the graph is qualitative, a function equation is not needed or sought.

The function can be viewed under different notions. Individual pairs of values can be highlighted at critical points of the roller coaster (e.g., the highest point after the ascent). By the course of the graph in single sections (e.g., the spiral), the effect of the change of one value on the change of the other value is shown. If the entire course of the roller coaster ride is considered, the focus is on the function as an object. The solutions may typically contain the graph-as-picture error (misconception), as seen in the two students' solutions on the left (Figure 2). The direction of the dependency is concretely indicated in the text. This is further supported by the axis labelling in the coordinate system (recognizing quantities and the direction of their dependency). Since this is a qualitative graph, no knowledge of specific types of functions is needed. The task does not contain any special linguistic supports. One term ("drop") is explained in the problem text (language-responsive focus).

The thematic categories are covered by Task 2 (cf. Figure 3) as follows. The quantities involved are intentionally varied in the problem statement. This is the main focus of the task. It is necessary to recognize the quantities and the direction of their dependency. In this task, a verbal and a symbolic representation of the function should be linked (conception). The linear function is treated as a central function type in the targeted school level of the interviewed pre-service teachers (function type). The task provides a supporting structure to identify and name the quantities involved. By separating the processing steps A and B, the complexity of the task is reduced. By assigning the questions to the different situations, it should be easier to identify the quantities involved. Thus, the given and the searched quantities can be specified before answering the questions in part B (language-responsive focus).

On a roller coaster ride, in addition to the ascent, there is a "drop" (i.e., it goes down steeply and then right back up again), a "loop" and a "downward spiral". Think of how such a ride could go and draw a graph that assigns the height of the roller coaster or the car on the roller coaster to the distance traveled.

Part B: Answer the questions.

Task 2 

Empirical insights

In the following, some excerpts from the interviews are presented and explained to indicate which aspects the pre-service teachers recognize and emphasize in the tasks.

The pre-service teachers Linda, Anna and Kim answer the question about the learning goal that can be worked on with Task 1 or the expected difficulties when the students work on the task as follows:

Linda: It's surely a change of representation, that is, from text to, yes, it's not a picture, but to a different form of representation. Drawing diagrams. Well, in general I mean drawing diagrams, being able to read diagrams are mathematical competencies that you also need in everyday life. Well, maybe the students are not aware of it, but every election, every price fluctuation and everything is always represented in diagrams.

Linda describes that a change must be made from a text to another form of representation, which she refers to as a diagram. Thus, Linda recognizes that a change of representation should be made from a situation described by a text to a graph (conception). She seems to lack precise meaning-related language because, on the one hand, she cannot activate the term "graph". In addition, although she gives everyday examples, she does not explicitly explain them as functional contexts (verbalizing).

Anna: That they realize that the track, as it looks, is not necessarily the graph. That these are two different things, that they are not necessarily connected. That up doesn't always mean up and down doesn't always mean down.

Anna identifies the learning objective as having students recognize that the picture of the roller coaster track differs from the graph. Even if she cannot articulate this clearly, she thereby indirectly refers to the graph-as-picture error (misconception). When trying to explain her statement, she uses a colloquial instead of a subject-specific precise formulation (verbalizing).

Kim: I think the looping is really one of those things where they have to understand actually that you just, you can't go back. It's actually linear forward. And that's where maybe pre-concepts have to be addressed first so that they know that it just doesn't have any looping in it then. Interviewer: Now, the pre-concept that you're addressing is which?

FlatWatch2.0 The streaming provider FlatWatch2.0 offers renting an unlimited number of films for a fixed-price per month. Additionally, there is the possibility to buy films permanently. The functional equation f(x)=5x+4 states the price in one month depending on the number of films bought.

RipOff

Sina found another streaming provider.

Here the following functional equation states the total price depending on the number of months: f(x)=25x+9,99

Part A: To which situation (FlatWatch2.0 or RipOff) do the following questions match?

• What is the total price after 6 months? • How many films did Sina buy when she has to pay 59 Euro?

• What is Sina going to pay in one month if she has bought 5 films? • After how many months does Sina pay 84.99 Euro?

Kim:

Is that it looks like a roller coaster, in there too then [meaning the coordinate system]. A roller coaster is actually a track. And that the track doesn't go back after and stuff, that. In the imagination, it's exactly this way around. And that this doesn't actually work. Kim points out that the graph must be different from the actual roller coaster, citing the looping as a problematic element. She also recognizes the graph-as-picture error (misconception). She manages to explain the problem a bit more clearly. However, she also cannot express that the looping violates the uniqueness of the graph (conception).

In the examples below, the pre-service teachers Anna, Mike, and Kim reflect on the learning goals, potential hurdles, and learning opportunities of Task 2.

Anna:

On the one hand, functional equations, what do they mean? That one recognizes that x can stand for different things. That it also depends on the task. So x is not always the same. So here I actually have almost the same starting position twice, and in both of them months and films occur, and then once it's x for months and once it's x for films. Mike:

To be able to deal flexibly with functional equations. And this actually means as much as, on the one hand, being able to recognize the basic building blocks that we now have in here, and then also being able to recognize what it is actually all about. Which x are we actually looking for now or which f(x) are we looking for.

Anna and Mike both understand that task 2 is about recognizing and naming the quantities involved. Anna formulates it in such a way that x does not always stand for the same thing. Mike, on the other hand, describes this as "recognizing basic building blocks". However, both do not use precise meaning-related language, since they neither use the term "quantities" nor "variables" (verbalizing).

Kim:

What I find interesting about this is that if you were to say now which of the two is more expensive or less expensive, then it can very quickly happen that students would then simply take both, that is, make an equation out of it. You know, 25x+9.99=5x+4, because both are f(x). And then solve for x and do something like that. And that's exactly what you can't do there at all, because x stands once for one thing and once for the other. That's why I think it's cool that the first part of the task is that you have to assign it, because subliminally you realize that it can't be the same thing.

Kim cites forming and solving equations as a typical approach to text tasks without a thorough understanding of the task's underlying context. She then refers to the value of the task parts A and B to prevent this error. Thus, she seems to have grasped the language-responsive setting of the task.

Pre-service teacher Linda is concerned about task 2 containing so much text.

Linda: What always happens with tasks with a lot of text is that students who already have trouble with the language also have trouble with these changes in representation. So maybe you could give them numbers and a picture, and it would work. But numbers and text is difficult. So that is definitely the case. You simply have to be as careful as possible. This means, for example, that you always use as many technical terms as necessary and as few as possible. So that you just don't, or that, for example, there is drop explained. But then maybe you also have to think about -or I would have thought about -how to write out "i.e.". Because a student who has no idea what that means simply thinks, ok, maybe that's "for example" and I can also do a drop differently.

Linda explains that language can be an additional difficulty in mathematics tasks. As an example of a possible way to deal with language hurdles, she points to a statement in the problem description of task 1. She is apparently aware of the importance of language-responsive mathematics teaching, but does not seem to have strategies for it yet.

Conclusion

In addition to pedagogical content knowledge [START_REF] Shulman | Those who understand: Knowledge growth in teaching[END_REF], such as knowledge of strategies and misconceptions, methods for language-responsive teaching are increasingly important for teachers' professional knowledge [START_REF] Prediger | Investigating and promoting teachers' expertise for language-responsive mathematics teaching[END_REF]. In the interviews, it was found that some didactic categories could be activated when working on and discussing concrete tasks. The key elements of the tasks were recognized in each case, but the pre-service teachers did not use meaning-related language to verbalize their findings. A language-responsive focus for the analysis of the content could not be observed in many cases. The given statements did not refer to a special type of function, which, however, was not central to the tasks. So far, the work on research question (D1) has focused on the above-mentioned didactic categories as well as on criteria for language-responsive mathematics teaching. The results of the interviews suggest that the job IDENTIFYING mathematically relevant language demands [START_REF] Prediger | Language proficiency and mathematics achievement -Empirical study of language-induced obstacles in a high stakes test, the central exam ZP10[END_REF] should be focused on within the framework of professionalization, since precise meaning-related language is not automatically activated by the preservice teachers when discussing functional relationships. Hence, the core elements of the professionalization topic for further work in the research cycle should be supplemented by the acquisition and use of precise meaning-related language by the pre-service teachers. As the first Design Research cycle progresses, a draft of a learning unit will now be created and evaluated. The structuring of the learning unit will be based on the topic-specific criteria of the didactic categories as well as on the criteria for language-responsive mathematics teaching. Special emphasis will be placed on integrating speaking and writing prompts for the pre-service teachers. To do so, the five jobs for language-responsive teaching [START_REF] Prediger | Investigating and promoting teachers' expertise for language-responsive mathematics teaching[END_REF] should be applied to working with pre-service teachers so that they can be used to guide the generation of opportunities for the use of precise meaning-related language.
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