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Mathematical content knowledge is a crucial part of teachers' professional competence and is necessary for developing pedagogical content knowledge. In most cases, mathematicians, who are not familiar with demands on teachers' content knowledge, teach the mathematics courses for mathematics teacher candidates. To learn about goals and teaching practices in courses for teacher candidates, we interviewed mathematics professors about their teaching and view on mathematics for teacher candidates, in particular about connections between mathematics at school and at the university. The interviewees mostly do not have specialized mathematic content knowledge for teaching in mind, but follow a trickle-down hypothesis regarding the mathematics needed in school.

INTRODUCTION

Nearly 100 years ago, Felix Klein expressed the "double discontinuity" as a major problem in mathematics teacher education [START_REF] Klein | Elementarmathematik vom höheren Standpunkte aus[END_REF]. The first discontinuity is concerned with the transition from school to university and the second discontinuity describes the return to school. When teacher candidates enter the university from school, they cannot link mathematics from school with the mathematics they learn at the university. After forgetting most of school mathematics, they are send back to school to teach just this mathematics. [START_REF] Wu | The Mis-Education of mathematics teachers[END_REF] formulated and criticized the second discontinuity as "Intellectual trickle-down hypothesis" where teaching advanced mathematics will lead to the needed content knowledge of teacher. Klein and Wu distinguish mathematics at school from mathematics at university. [START_REF] Deng | Knowing the subject matter of a secondary-school science subject[END_REF] describes differences between mathematics as academic discipline and as a school subject, which are important for both discontinuities. The second discontinuity is special for teacher candidates and raises the question: How and what kind of mathematics should teacher candidates learn at the university?

The COACTIV-study [START_REF] Baumert | The COACTIV Model of Teachers' Professional Competence[END_REF] showed that content knowledge plays an important role for developing pedagogical content knowledge. In addition, it is mostly build during studies at the university [START_REF] Baumert | Teachers' mathematical knowledge, cognitive activation in the classroom, and student progress[END_REF]. Therefore looking at the content knowledge taught at the university is important for developing teachers' professional competence.

In Germany, teacher candidates often do not visit specialized courses in mathematics, but attend the courses together with mathematics students [START_REF] Gildehaus | Gymnasiales Lehramt Mathematik studieren-eine Übersicht zur Studienorganisation in Deutschland[END_REF]. Since mathematicians teach these courses, it can be expected that this courses are not orientated on teacher candidates. Even when they are separated mathematicians mostly teach the courses for teacher candidates. In this way, the mathematicians act as teacher educators [START_REF] Leikin | Research mathematicians as teacher educators: Focusing on mathematics for secondary mathematics teachers[END_REF]. That makes it important to learn about their goals and view on mathematics teacher candidates have to learn.

THEORETICAL BACKGROUND

Based on Shulmans (1986) model of professional competence of teachers COACTIV [START_REF] Baumert | The COACTIV Model of Teachers' Professional Competence[END_REF] formulates four aspects of teachers' professional competence: Beliefs, values and goals, motivational orientations, self-regulation, professional knowledge. The professional knowledge is further divided into five domains of knowledge: content knowledge, pedagogical content knowledge, pedagogical/ psychological knowledge, organizational knowledge and counselling knowledge.

Teachers' content knowledge is described as "teachers' understanding of the mathematical concepts underlying the content taught in middle school" (Baumert & Kunter, 2013, p. 34) and is explicitly distinguished from academic research knowledge. Therefore, teachers should possess a deep understanding of school mathematics.

We will now describe two models that describe teachers' subject matter knowledge in more details. The first approach extends content knowledge with a new construct: School related content knowledge. This construct explicitly deals with Klein's second discontinuity and therefore relates school mathematics to university mathematics. We will use school related content knowledge to investigate the connections seen by the lecturers between their lectures and the mathematics used in school.

The second approach describes four levels of mathematical knowledge teachers should reach. The normative model is specifically designed for mathematics teachers' education and does not distinguish between school mathematics and university mathematics, but describes different situations, in which mathematics is used. Using this literacy model, we will describe the level of mathematics the lectures want the mathematics teacher candidates to reach. [START_REF] Dreher | What kind of content knowledge do secondary mathematics teachers need[END_REF] introduced a new dimension of teacher professional competence: School related content knowledge. This dimension directly relates university mathematics to school mathematics. School related content knowledge consists of three facets: curricular knowledge, a top down direction from academic mathematics to school mathematics and a bottom-up view from school mathematics towards academic mathematics.

School related content knowledge

The curricular knowledge describes knowledge about reasons why topics are treated in school and how topics are connected over the curriculum. The top-down facet starts at the academic perspective and covers reducing and decompressing mathematical ideas for teaching. This view is also about the right definition, tasks and explanations adequate for students of a specific grade. The bottom-up perspective respectively starts at school mathematics. It is concerned with the underlying proofs for claims and assumptions implicitly made in school mathematics. Are these claims and assumptions justified and which concepts of academic mathematics lay behind them.

School related content knowledge was empirical separated from mathematical content knowledge and pedagogical content knowledge, even though it has high correlations with both constructs [START_REF] Heinze | Akademisches versus schulbezogenes Fachwissen-ein differenzierteres Modell des fachspezifischen Professionswissens von angehenden Mathematiklehrkräften der Sekundarstufe[END_REF]. Using this construct as specialized teacher knowledge [START_REF] Hoth | Ist akademisches Fachwissen hinreichend für den Erwerb eines berufsspezifischen Fachwissens im Lehramtsstudium? Eine Untersuchung der Trickle-down-Annahme[END_REF] could not support the trickle-down hypothesis, showing that school related content knowledge and university related knowledge develop independently from each other. [START_REF] Jeschke | Vom Wissen zum Handeln: Vermittelt die Kompetenz zur Unterrichtsreflexion zwischen mathematischem Professionswissen und der Kompetenz zum Handeln im Mathematikunterricht? Eine Mediationsanalyse[END_REF] also found effects for school related content knowledge on teacher action-related competences.

Literacy model

Based on Macken-Horarik (2012) Bauer and Hefendehl-Hebeker ( 2019) develop a Literacy-Model explicit for mathematics teacher education with four levels: Everyday Literacy, Applied Literacy, Theoretical Literacy, and Reflexive Literacy.

The first level describes Mathematics that is visible in everyday live for everyone. The second level focuses on Mathematics in relation to other sciences and presenting specialized tools and algorithms for solving concrete problems, without looking at the theory behind the tools. The third level deals with the mathematical theories. Here lays the knowledge written in mathematical papers and monographs. This level is addressed, when students learn about definitions, propositions and proofs. The fourth level deals with mathematics as a discipline, and it`s work methods, principles and regulations, that often stay implicit. The four levels are consecutive. Therefore, students can only reach one level if they already reached the previous level.

The authors see achieving the last level as the goal of teacher education. It is not only a nice to have overview of the other levels, but necessary for teachers as representatives of Mathematics. Even though the number of lectures in Mathematics is limited, the teachers should not stop at a lower level.

Previous Findings

Only few studies concerning the design of courses for teacher candidates exist. [START_REF] Ableitinger | Adressatenspezifische Gestaltung von Fachvorlesungen im Lehramt: eine Fallstudie als Anstoß für vertiefte Reflexionen[END_REF] interviewed seven teacher educators of one university after all mathematics courses were designed specifically for teacher candidates. The results show that educators do not think in categories like content knowledge or about teacher practices, but see mathematics for teacher candidates in comparison to mathematics for mathematics students. However, they had the discontinuity for teacher candidates in mind. In addition, personal beliefs were a major factor in the reasoning. [START_REF] Yan | Calculus for teachers: Perspectives and considerations of mathematicians[END_REF] asked 24 lecturers what teacher candidates should know about university mathematics and let them design a hypothetical calculus course for teacher candidates. The main goals laid in the nature of mathematics as a discipline. The teacher candidates should experience mathematical investigations and see connections within and beyond mathematics. [START_REF] Yan | Advanced mathematics for secondary school teachers: Mathematicians' perspective[END_REF] also describe the value in advanced mathematics that educators see: In addition to the increased epistemological awareness and connections between mathematical ideas, it lays in the problem-solving abilities. The lecturers also give some connections between advanced mathematics and school mathematics.

When looking for connections between advanced mathematics and school mathematics de los Ángeles et al. ( 2022) found, that educators had difficulties in finding connections between advanced mathematics and content of lower secondary classes. It was easier for the educators to find connections to upper secondary content. Their results suggest that the educators do not plan to teach these connections in their courses. The reasons for that were unawareness, missing time, teacher candidates should build the connections and building these is part of professional practice.

Overall, these results indicate that mathematicians do not have in mind a specialized content knowledge for teaching in their lectures. They mostly think of a university mathematics perspective, even though they recognize differences between school mathematics and mathematics at the university.

RESEACH QUESTIONS

This study wants to give answers for two research questions. Both are concerned with the design of mathematics courses for teacher candidates: 1) How do mathematicians design lectures for teacher candidates? Do they differ from lectures for math students? 2) Do mathematicians have specialized content knowledge in mind when designing courses for teacher candidates?

METHODOLOGY

Because all interviews were conducted with lecturers from one university, we will first describe the structure of studies at this university and afterwards the participant and the interview manual.

Mathematics courses for teacher candidates in Magdeburg

In Germany, teachers have to teach two subjects and therefore study two subjects. In addition, the study programs of mathematics teacher candidates are separated from the study program in Mathematics. Sometimes lectures in Mathematics are the same for both study programs, which is not the case in Magdeburg. Most mathematics courses are joint with students from other subjects or specific courses for teacher candidates.

The structure of the studies for future teachers in Magdeburg follows the typical structure in Germany. In the first semester students takes the courses in Calculus 1 and Linear Algebra 1. Both lectures are joint with students in Physics and mathematical engineers. In the second semester, the teacher candidates take the courses Calculus 2 with the same group of students and geometry, which is a special lecture for teacher candidates.

Further compulsory lectures are Numeric and Stochastics. Stochastics is a lecture specific for teacher candidates and numeric is a joint lecture with students in Mathematics and other subjects. There is also a lecture in History of Mathematics combined with a seminar with a selected topic as part of the bachelor studies. The last lecture in the bachelor studies and the lecture in the Master of Education are required elective courses.

Participants

Overall, eight interviews are part of this study. All of the participants are members of the Faculty of Mathematics at the Otto-von-Guericke Universität Magdeburg. One participant has a postdoc position; the other seven participants are professors. Two professors are women.

All of the participants have given at least ten courses in Mathematics. Six of the participants have at least given one course specifically for teacher candidates, five of them a course of the first year. The other two professors have only given elective modules. Only two participants have given more than ten courses for teacher candidates.

Interview Descriptions

The guided interviews consist of two parts. The first part addresses teaching of teacher candidates. The second part deals with the relationship between mathematics at school and the mathematics at the university.

The first part consists of four segment, dealing with the following aspects: Describe a course for teacher candidates you teach this semester or have taught before. Describe a dream course you would teach, if there were no limitations. Which courses should teacher candidates and mathematics students visit together? Comment on three given principles for a seminar.

The second part starts with questions about goals in school mathematics: What do you think are the goals in mathematics in school and what should be the goals? Afterwards the interviewees should comment on four statements. The first three statements concern the relationship between school mathematics and mathematics at the university, e.g. "One has to understand, that mathematics at the university has nothing to do with your job as a teacher". The last comment deals with the fourth level of the literacy model.

All interviews were conducted online and the questions were displayed on the screen. The durations of the interviews are between 44:10 and 1:08:06.

All interviews were recorded and transcribed by the author, who afterwards analyzed it using qualitative content analysis. The author translated the quotes.

RESULTS

We will start with first research question regarding course design and specifically at the first semester lectures in Analysis in Linear Algebra.

Course design

The lecturers described the lectures for teacher candidates to be similar to the courses for students in mathematics.

I6: But it isn't actually, let's say, regarding the volume of content and structure, far away from the other Analysis lecture.

The Linear Algebra course was just one semester instead of two semesters, so it was shorter:

I2: I would say it was a condensed Linear Algebra 1 and 2, proof-oriented on the blackboard.

Overall, the lectures in the first semester are similar to the lectures of students in mathematics. The proof orientation mentioned in the last quote meets the third level in the literacy model. Some lecturers explicitly separate the proof oriented lectures from lectures for students in e.g. economics, which focus on using algorithms and therefore only reach the second level.

However, there are still some specific features of lectures for teacher candidates. The lecturers describe them as more concrete, having more examples and applications and less technically. For example, not all theorems are proven in full generality, showing a slight shift to level two in the literacy model:

I8: That means, at technical complicated things I will simplify it.

Advanced lectures, that teacher candidates and mathematics student attend together, are mostly designed for mathematic students:

I2: I honestly have to admit, I didn't take [teacher candidates] into consideration I6: Actually, there is no reason, to change anything for the teacher candidates However, by choosing topics for students presentations or oral exams the lectures differentiate between teacher candidates and mathematics students. The chosen topics need less previous knowledge or are less theoretical and are less relevant for further lectures, which teacher candidates do not visit.

Interestingly the interviewees do not see large differences in the mathematics competencies of math students and teacher candidates at the beginning of university, e.g.:

I2: Now, when I say it, I would say, differences are not that big

On the other hand, they describe motivation as different between both groups. This is also justified by the clear goal of being a teacher:

I8: and with some teacher candidates, it is […], that their ambition is not, to do it best as possible, but to somehow pass.

The lecturers also described a course for teacher candidates without limitations and constraints. They give different approaches and some are quite different from typical courses. However, it is striking, that only one of the courses is actually specific for teacher candidates. When they start describing the course they talk about teacher candidates, but when asked, if it is specific for teacher candidates, only one lecturers can confirm this. This seminar should explicitly connect university mathematics with school mathematics:

I5: selected topics from university mathematics with their references to school praxis and would try, but I cannot do this alone

In this case, the lecturer wants to visit schools with the students and talk about the content afterwards. The lecturer wants to show connections between school mathematics and mathematics at the university, which relates to school related content knowledge, but he can not to this alone, as the second half of the quote shows.

Overall, the lecturers for teacher candidates are oriented on the courses for mathematics students, but seem to have a slight lower level concerning the literacy model. However, the lecturers stress the third level. The fourth level is not mentioned for any student group. Only one lecturer mentions a link between school and university in a theoretical course design, while the other lecturers design courses not specific for teacher candidates.

Connections to school mathematics

The lecturers mention some direct connections between their lectures and mathematics in school:

I2: as solving systems of equations is something, which is not too far away from what is needed at school I7: that we proof all the theorems, which are typically in school. Something like angletheorems, Pythagorean Theorem, existence of perpendicular lines, unique parallel line, such things we discus there.

These quotes show direct connections identified by lecturers, where the content is the same in school and at the university. However, the lecturers mostly mention these connections in special cases, but not as a main goal of their courses. They are also not described as opportunities for building specialized knowledge for teachers.

Even though the lecturers mention connections to school mathematics, it seems more like a background knowledge then referring to some kind of school related content knowledge.

Lecturers rather want the teacher candidates to have an overview of mathematics. They should know more than just mathematics they teach in school:

I7: Just, to widen the view, and to put it in a bigger context.

I8: to not only learn an epsilon more than, what you do in school, but much more

Thereby the knowledge of university mathematics and experiences of university mathematics is helping in teaching better:

I7: That they somehow get the students to freely exchange and discuss, either with the teacher or with the classmates, to uncover fallacies and help each other.

I8: that it is important, to understand complicated things, to be able to explain simple things well.

The lasts quotes implicitly include the trickle-down-hypothesis. Students have to learn complicated mathematics to understand easier mathematics and are then able to explain it to students in school. Therefore, they need a good overview of mathematics.

Overall, the math lecturers see the teacher candidates as a specific group. Nevertheless, they think from a mathematics point of view. Therefore, teacher candidates need knowledge in mathematics and this knowledge helps teaching. They mostly do not have specialized content knowledge as described in the theory section in mind.

DISCUSSION

Overall, the mathematicians describe lectures for teacher candidates mostly as modified, especially shortened, lectures for mathematic students. Specifying lectures for teacher candidates means making it more concrete, showing applications, examples and using content, which is also part of school mathematics. In mentioning that the lectures for teacher candidates are proof oriented, mathematicians expect at least the third level of the literacy model. It is not astonishing that teachers should know that level of mathematics in the mathematicians view. However, they explicitly state the second level as not enough.

They also draw connections between university mathematics and school mathematics.

A student, who has more complicated knowledge in mathematics, can explain mathematics better in school. In addition, university mathematics is a more complex and general case of school mathematics, so the teacher should know some of it, to be some steps ahead of the students. Therefore, in both perspectives the trickle-down hypothesis is implicitly mentioned.

The connections between school mathematics and university mathematics are also not concrete. The lecturers only describe shared contents and do not link the needed to knowledge to teach with the knowledge of their courses. Therefor they do not describe a top-down or bottom-up perspective regarding the shared topics. However, two lecturers want to foster theses connections, but cannot, because they are missing knowledge about mathematics in school.

Overall, the lecturers do not emphasise specialized content knowledge, but want teacher candidates to have an overall solid knowledge of mathematics. The lectures are mostly contrasted with lectures for mathematic students, what is in line with the previous findings.

These results describe interviews from one university and with a small group of lecturers. That means all of the lecturers are working at the same institution. Therefore, it is necessary to repeat such interviews with more lecturers from other universities to understand what is special and what can be generalized.

Similar we only discussed results directly to one course or some courses. Since a specialized mathematical knowledge is investigated, it would also be interesting, which view on school mathematics the mathematicians hold. What the teacher candidates will or should do in school will influence the teaching at the university. At the same time, despite some evidence, it is not clear, whether the described concepts of specialized content knowledge for teachers lead to actual learning effects of students.