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On the one hand, we present the conception of a chain of reflections with a study-accompanying eportfolio system with increasing reflection occasions in university mathematics pre-service teacher education. On the other hand, we illustrate problems and chances of this approach based on empirical data from the previous implementations of this chain of reflections. Our reflections are designed to support pre-service teachers in habitualising reflective actions and in interlinking subject matter and subject matter didactical knowledge in mathematics.

Introduction

It is a truism, at least in Germany, that students find it difficult to combine subject matter and subject matter didactics, especially in mathematics education (cf. the survey by [START_REF] Mehlmann | Spotlights Lehre -Ein Ansatz zur Vernetzung von Fachwissenschaft und Fachdidaktik an der Universität Bremen [Spotlights Teaching -An approach to linking subject-specific science and subject-specific didactics at the University of Bremen[END_REF]. This was already reported by Felix Klein in 1908 and has been described repeatedly in current mathematics education literature (e.g., [START_REF] Kilpatrick | A double discontinuity and a triple approach: Felix Klein's perspective on mathematics teacher education[END_REF][START_REF] Martino | The transition from school to university in mathematics education research: new trends and ideas from a systematic literature review[END_REF]. Even more generally, the promotion of the interlinking of subject matter and subject matter didactics in the thinking of students is an interdisciplinary topic of the "Quality Offensive Teacher Education" funded by the German Federal Ministry of Education and Research (BMBF).

The project "Spotlights Lehre" ("Spotlights teaching") at the University of Bremen aims at improving the design of curricula in pre-service teacher education at university. It brings together researchers and teacher educators from the subjects of mathematics, English as a foreign language, and politics. Their aim is to develop sustainable designs of each subject's curriculum, in which subject matter and subject matter didactics are systematically dovetailed [START_REF] Bikner-Ahsbahs | Spotlights Lehre: Transferpaket zur Verzahnung und Vernetzung von Fachwissenschaft und Fachdidaktik[END_REF][START_REF] Hanke | Reducing fragmentation in university preservice teacher education: Conditions and strategies[END_REF]. "Spotlights Lehre" is part of the project "Schnittstellen gestalten" ("Designing linkages"), whose overarching guiding principle is the model of the reflective practitioner according to [START_REF] Schön | The reflective practitioner: How professionals think in action[END_REF]. Reflective practitioners are experts who are not only able to perform complex and theory-based reflections after an action (reflection-on-action), but also to reflect during an action based on their own expertise. As [START_REF] Schön | The reflective practitioner: How professionals think in action[END_REF] describes, however, the training to become a reflective practitioner is not something simple, but a longer learning process over months and possibly years. We intend to initiate pre-service teachers into becoming reflective practitioners, while at the same time avoiding excessive and defensive reflection [START_REF] Häcker | Grundlagen und Implikationen der Forderung nach Förderung von Reflexivität in der Lehrerinnen-und Lehrerbildung [Foundations and implications of the demand for the promotion of reflexivity in teacher education[END_REF].

Many student teachers have a clear, even if potentially inaccurate, picture of their future profession. For them, it is therefore often more motivating to gain practical insights into their future professional practice through subject matter didactics than to learn deeper details and advanced elements from courses such as linear algebra, real analysis, stochastics, or complex analysis. However, they need in-depth knowledge of the subject as well as the ability to think through mathematical content from a higher standpoint. Pre-service teacher education at university should therefore take advantage of opportunities to design subject matter courses in such a way that students can achieve deep insights, which are at the same time relevant to their future profession, by purposefully interlinking parts of the subject courses with subject matter didactics courses and by actively linking the students to both content areas.

Curricular innovations are required to give the pre-service teachers opportunities to explicitly link subject matter and subject matter didactics in an institutionalized setting and to enable them to gain insights into their learning processes at university. This shall help them anticipate future teaching. We will describe these curricular innovations in this paper based on the following research question: How can students be engaged in meaningful reflection processes in which they interlink subject matter and subject matter didactics across their curriculum?

We answer this question by summarizing a chain of reflections with four opportunities for reflection. We have developed this chain of reflections during the last six years as one of the central elements in the mathematics curriculum for pre-service teachers at the University of Bremen. We will not be able to explain the details of each opportunity for reflection, but outline the general design of the chain of reflections, which endures four years of the study program. This year (winter semester 2022/2023), the first cohort of students completes the first full chain of reflections. Therefore, this paper is largely conceptual.

Theoretical background

Reflection

The notion of reflection can be categorized in many different ways. For example, [START_REF] Dyment | Assessing the quality of reflection in student journals: A review of the research[END_REF] identify eight frameworks from different theoretical perspectives and traditions used in research papers to assess reflection in students' journals. In this paper, we will build on the notion of the reflective practitioner [START_REF] Schön | The reflective practitioner: How professionals think in action[END_REF], refined, and enriched with ideas by Häcker (2017). Schön's idea of the reflective practitioner is the guiding principle for our approach. To be able to reflect-in-action, that is, to be able to change the course of the action while acting based on personal experience and previously reflected theoretical knowledge, a teacher needs to have an understanding of how subject matter and didactical theories are connected. One of the main criticisms of taking the guiding principle of the reflective practitioner as the basis for teaching education is that, according to Schön, for meaningful reflection-in-action to be possible at all, the practitioners must be professionals rather than learners in a discipline [START_REF] Leonhard | Der "reflective practitioner". Leitfigur oder Kategorienfehler einer reflexiven Lehrerinnen-und Lehrerbildung? [The "reflective practitioner". Leading figure or category error of reflective teacher education[END_REF]. In this sense, the university portion of teacher education alone cannot educate pre-service teachers to already become reflective practitioners, but the concern must be to build the foundations for a reflective attitude toward learning and teaching instead.

By building on ideas from activity theory, Häcker (2017) develops the notions of expansive and defensive reflection. Expansive reflection comes from within the person and is directed toward understanding and learning from one's own actions and their consequences. Defensive reflection, on the other hand, means that the individual reflects only in order to fulfil an external requirement, that is, in this sense, to ward off an external claim. [START_REF] Häcker | Grundlagen und Implikationen der Forderung nach Förderung von Reflexivität in der Lehrerinnen-und Lehrerbildung [Foundations and implications of the demand for the promotion of reflexivity in teacher education[END_REF] demonstrates that typical reflection prompts, for example in students' learning diaries at school, tend to stimulate defensive reflection, which is then characterized by very general and superficial reflection. In other words, these reflections are like shells, which are so general that they could have been instantiated in several other contexts.

To overcome these defensive reflections, reflective prompts addressed in mathematics courses must be meaningful and more intrinsic for the students. They must address an area of the students' own concerns; in this case, they have to be directly linked to the students' own learning of the mathematics, their study program in relation to school mathematics and their learning to teach mathematics.

Figure 1: Design of the mathematics curriculum in Bremen Using e-portfolios to foster expansive reflection

We implement e-portfolios for the pre-service teachers to work together in small group projects at four times in their study program (see Figure 1 and Table 1). Portfolios are a well-known method for teaching when students should engage in documenting their processes of learning while also allowing for the inclusion of a product (e.g., [START_REF] Bräuer | Das Portfolio als Reflexionsmedium für Lehrende und Studierende[END_REF]. The inclusion of portfolios into university mathematics teaching can initiate, coordinate, and consolidate reflection in different parts of study programs. Especially web-based and interactive e-portfolios, where students can work both individually and together, may thus enable "improved reflection, increased student commitment, improved learning outcomes, and increased integration of knowledge" and "a more streamlined, iterative reflective process" (Bryant & Chittum, 2013, p. 189). Preparation of learning materials for pupils; reflection on planning and conduction of teaching, on pre-service teachers' own roles as future teachers, on their own learning process of complex analysis, and on the interlinking of subject matter and subject matter didactics

However, using e-portfolios does not automatically foster reflective practice [START_REF] Bräuer | Das Portfolio als Reflexionsmedium für Lehrende und Studierende[END_REF]. Instead, it is necessary to guide pre-service teachers on how to use the e-portfolio and to provide a scaffold explicitly designed to minimize defensive reflection. In our case, we do so by anticipating opportunities to link elements from their mathematics lectures and their courses on mathematics didactics and by not emphasizing procedural aspects such as classroom management etc. This avoids that students engage in time-consuming and demotivating defensive reflections [START_REF] Häcker | Grundlagen und Implikationen der Forderung nach Förderung von Reflexivität in der Lehrerinnen-und Lehrerbildung [Foundations and implications of the demand for the promotion of reflexivity in teacher education[END_REF], which are moreover not directly relevant for the linking of mathematics and mathematics didactics we strive for.

Design of the curriculum and outline of the chain of reflections

In Germany, pre-service teachers for upper secondary schools (Gymnasien) need to complete a bachelor's degree (three years) and a master's degree (two years) as shown in Figure 1. In Bremen, they have three internships and a practical term during their studies at university but are not expected to teach in schools otherwise. Mathematics is usually taught in lectures with two to four weekly hours ("L") and accompanying exercise classes with two weekly hours ("E"). In Linear Algebra 1 and Analysis 1, which are taught together for all mathematics students, pre-service teachers attend weekly profession-specific seminars in two weekly hours ("P"). In these seminars, the lecturer creates specific bonds between the mathematics from the lecture to school (e.g., the role of continuity, which often remains implicit in school) and between the mathematics lectures and concepts from mathematics didactics (e.g., task design or typical errors).

In order to truly provide an occasion for expansive reflection while avoiding an overabundance of reflection prompts, we include a chain of reflections with four opportunities for reflection over a 4year period (years 1 to 4 in the study program; Table 1). Opportunities for reflection are included in students' group projects, whose general topic is the interlinking of mathematics and mathematics didactics. Planning, documentation, and reflection of these group projects and students' perception of their own role as future teachers are documented in e-portfolios.

A reflection after the first and third bachelor's semester takes place in a group e-portfolio that aims at a stronger mathematical formalization and abstraction of school topics, starting with schoolbook materials. The e-portfolios are scaffolded by the lecturer from the profession-specific seminars in Linear Algebra and Analysis, and they are written over the course of approximately four weeks each (first and second reflection opportunities).

The next reflections take place at the end of the sixth bachelor's and first master's semester. Here, the lectures on Stochastics and Complex Analysis are divided into specialized lectures during the third part of the semester, one for pre-service teachers and one for all other mathematics students. In these third and fourth reflection opportunities, the pre-service teachers prepare group e-portfolios, in which they must gradually simplify selected topics from the lectures to the basics to make them accessible to pupils from upper secondary schools in exploratory teaching-learning environments (see [START_REF] Hanke | Learning complex analysis in different branches -Project Spotlight-Y for future teachers[END_REF][START_REF] Hanke | Reducing fragmentation in university preservice teacher education: Conditions and strategies[END_REF].

Development of tasks and lessons is part of several other courses, but usually the pre-service teachers do not have the opportunity to try these in an authentic setting. To counter this deficit, we invite school classes from local upper secondary schools to the university so that our pre-service teachers can try out the learning environments they prepare during the course on Stochastics and/or Complex Analysis with pupils.

This curricular design allows including four different points to reflect on the combination of subject matter and subject matter didactics with increasing complexity and different incorporation of the contents taught in their mathematics and mathematics education courses: from the reception and explanation of school mathematics from a higher standpoint to own construction of teaching-learning materials for advanced mathematical topics, which are almost unavailable in the literature.

First opportunity: Linear algebra

At the end of the first semester after completing the Linear Algebra 1 course, the e-portfolios addressed applications of linear algebra in school such as transition matrices, population dynamics, or mapping matrices. A genuine occasion for reflection exists for several reasons: Students have written their first longer mathematical text, given their first presentation at university, and attempted to interpret school mathematics in a more formal way for the first time on their own.

Second opportunity: Analysis

At the end of the third semester after the completion of the lecture Analysis 1, the portfolios now deal with the mathematical foundations of selected topics of school calculus such as bisection procedures, existence of square roots, or calculations with real numbers. Here, too, we see a genuine occasion for reflection: The students are confronted here for the first time with mathematical gaps in school calculus as is typically taught in German schools without formal limits or formal definitions of properties such as continuity. Moreover, the students also had their first lecture on mathematics didactics in this semester.

Third opportunity: Stochastics

At the end of the sixth semester after the completion of the course in Stochastics, the portfolios now consist conversely of technical topics from the Stochastics lecture, for example, the law of large numbers and stochastical paradoxes. These topics also have to be prepared in a learning environment for pupils and those will also be tried out with school courses from the end of upper secondary schools in the university by the pre-service teachers. Here, too, we see a genuine occasion for reflection as given: On the one hand, the students teach here for the first time themselves and, on the other hand, especially stochastics and its paradoxes are difficult for many pre-service teachers.

Fourth opportunity: Complex analysis

At the end of the first master's semester, the portfolios contain pre-service teachers' group work about technical topics related to complex analysis (e.g., conformal mappings or the Riemann number sphere), which the pre-service teachers must simplify for pupils at the end of upper secondary schools. The materials our pre-service teachers develop are likewise tried out with school courses in the university by the students themselves. In this case, too, we assume a genuine occasion for reflection:

Here, the students have to prepare technical topics for the school level independently, which are not already available in this form in the literature. Reflective assignments are administered at three different points: one at the beginning of the group work, one immediately after our students have taught their materials to the pupils, and one at the end of the semester as part of the examination in the course on complex analysis. For detailed accounts about this implementation see [START_REF] Hanke | Learning complex analysis in different branches -Project Spotlight-Y for future teachers[END_REF]. The first cohort to complete the full curricular redesign started with Linear Algebra in the winter semester of 2019/2020 and finishes Complex Analysis in 2023.

Discussion of challenges and opportunities

Due to space limitations, we are unable to describe analytic methods detailed. Instead, we focus here on opportunities and challenges for the implementation of the reflection cycle. The interested reader may consult [START_REF] Hanke | Reducing fragmentation in university preservice teacher education: Conditions and strategies[END_REF] for more specific details on our implementation of design-based research methodology, our reconstructive methodology to analyse pre-service teachers' written reflections, and empirical results.

The first complete chain of reflection collided with the lockdowns as a response to the global pandemic, but we certainly hope that further positive effects of this longitudinal reflective approach will be increased if more teaching is done face-to-face in future cycles. Moreover, the implementation of our students' own learning environments with school courses was cancelled until it could happen in 2023 again. Nevertheless, before the pandemic started, the other cohorts completed the group work as expected in Complex Analysis and also once in Stochastics.

We follow the conditional model from [START_REF] Hanke | Reducing fragmentation in university preservice teacher education: Conditions and strategies[END_REF], which places conditions of success between personal and curricular factors on one axis and potential fit and workload on the other axis (Figure 2). Personal factors are directly linked to all persons engaging in the study program (students, lecturers from mathematics and mathematics education, study program responsibles). Curricular factors are linked to the study program itself (e.g., scheduling of modules, assigned workload).

The pilot phase for the group work and reflections in Stochastics in 2019 revealed the most difficulties due to personal and institutional factors, eventually leading to students' reluctant participation. Students' feedback was positive toward the portfolio and the reflection itself, but it was negative toward the placement in the study program: The students experienced the additional workload, which is substantially larger than continuing the lecture in the regular way, as too much since it took away time they needed to complete their bachelor's theses. The proposal to move Stochastics to the fifth semester did not work out because of other institutional restraints. Similarly, the reflection opportunity in Complex Analysis is also on a tight schedule since it coincides with the start of the pre-service teachers' practical semester at school. However, our students take the construction of learning materials for pupils as the last trial before attending schools for approximately 20 weeks. Lastly, the individual fit provides another challenge: many students start working as supplementary teachers when they enter the master's program. These students are likely working in school to help out children with special needs or in more challenging local communities, and they tend to focus on pedagogical aspects in their written reflections. This focus sometimes makes it harder for them to recognize the benefits of the subject matter courses in which the reflections are planned in.

Outlook

We want to change the design of each opportunity of reflection based on our limited experiences due to the pandemic. The first major change we consider is to change the placement of the third opportunity from the end of the Stochastics lecture to its beginning by having the students work on the paradoxes along with the normal exercises. This will change the portfolio format, but it will allow us to integrate the students' didactical experiences, which they have gained in the semesters three to five in the bachelor's program.

Furthermore, we wish to get more insights on how the chain of reflections influences the pre-service teachers' perception of professional competence and motivation. We are particularly interested in how students' experiences with the early opportunities to reflect influence their motivation and competence to complete the subsequent group works and reflective activities at the crossroads of subject matter and subject matter didactics. One way to improve the curricular design further is to create a longitudinal e-portfolio instead of one e-portfolio for each of the opportunities for reflection.

Figure 2 :

 2 Figure 2: Conditional model for dovetailing and interlinking (from Hanke et al., 2021, p. 16)Looking at the individual workload in the study program, it often comes to light that opportunities for reflection are often perceived as second-ranking parts in the course of studies. Hence, they do not get the necessary time compared to the examinations, which the pre-service teachers prioritize. This agrees with the literature (e.g.,[START_REF] Häcker | Grundlagen und Implikationen der Forderung nach Förderung von Reflexivität in der Lehrerinnen-und Lehrerbildung [Foundations and implications of the demand for the promotion of reflexivity in teacher education[END_REF]. Nevertheless, the close relationship between lecturers and students built up allows us to receive very personal and open feedback on the course designs, reflective activities, as well as the study program in general.

Table 1 : Chain of reflections Occasion Topic of group work Main reflective elements

 1 

	Year 1: Linear Algebra	Analysis of schoolbook	Identification of topics from the mathematics lecture
	1 (seminar)	excerpts on topics from linear	hidden in schoolbook excerpts, preparation of tasks for
		algebra and design of tasks for	pupils;
		potential pupils;	reflection of own learning process
		no parallel course on	
		mathematics didactics yet	
	Year 2: Analysis 1	Schoolbook excerpts on topics	Identification of topics from the mathematics lecture
	(seminar)	from analysis;	hidden in schoolbook excerpts, preparation of tasks for
		parallel: first course on	pupils;
		mathematics didactics	reflection of own learning process
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