TWG5: Teacher education at the university

Marianna Bosch 1 , Carl Winsløw 2 1 Faculty of Education, Universitat de Barcelona, marianna.bosch@ub.edu 2 IND, Faculty of Science, University of Copenhagen, Denmark, winslow@ind.ku.dk

TWO MEANINGS

In mathematics education research, the teaching profession occupies a place of pride, both as an important partner, as an object of study, and as a consumer of the ideas and results that researchers produce. Historically, the development and inclusion of mathematics education positions at universities are inseparable from the professional education of teachers. The ever-increasing importance and challenges of mathematics in schools have also led to considerable scholarly and political attention to conditions for improving the pre-and in-service education of mathematics teachers. While secondary school teacher education has been university based in most Western countries for centuries, this is increasingly the case even for primary schools. Indeed, mathematics education researchers frequently exercise their teaching duties in university-based teacher education, usually giving specialised courses on mathematics education for future teachers. Considering that such courses are a specific form of university mathematics education, we have the first meaning of the title of this TWG.

On the other hand, university mathematics education as a field of practice is usually construed as the teaching of post-secondary mathematics at the university level, especially within general areas like algebra and analysis. In general, undergraduate mathematics courses are often shared by a large variety of study programmes and, in many institutions, future teachers take such basic mathematics along with students aiming for other professions. It is thus difficult or impossible to draw exact boundaries between university mathematics education and mathematics teacher education, and several contributions to this TWG focus explicitly on the connections between general (or "pure") mathematics teaching at university, and the specific needs and courses of school mathematics teachers. This is the second meaning of the title of this TWG.

A third meaning arises from considering the profession of teaching mathematics at the university. The challenges of students with university mathematics have unquestionably led to an increasing interest in the practices and preparation of their teachers, and this (partly hypothetical) meaning of the title of our TWG is also represented by one contribution to the group.

MATHEMATICS EDUCATION COURSES AT THE UNIVERSITY

As suggested by Csapodi's poster on a recent reform of Hungarian mathematics teacher education, many countries and institutions distinguish sharply between courses on "mathematics" and courses on "teaching". When this is the case, the latter can be more or less specialised on "mathematics teaching", and the specialised variants usually refer to mathematics education research as a scholarly base.

Barquero and Bosch present and discuss the idea of a study and research path in teacher education (SRP-TE), motivated by professional questions of a didactical nature, like "how to teach randomness and statistics in primary school". In an experimental setting within primary school teacher education at the University of Barcelona, the students first carry out a mathematical activity, which has been designed by the authors with inspiration from the classical bottle situation [START_REF] Brousseau | An experiment on the teaching of statistics and probability[END_REF]. They then analyse their work from a mathematical and didactics perspective and proceed to design a similar path for primary school pupils (with an eventual implementation in some cases. The authors reflect on the similarities and differences between the SRPs-TE and the study and research paths (SRPs) proposed to non-teachers university students (in engineering, science or administration degrees). They consider the possibility to extend some instructional strategies and resources designed for teacher education to non-teacher students, in particular those related to the analysis of the mathematical activities carried out.

Hakamata, Otaki, Fukuda and Otani also experimented a study and research path based on the bottle situation, but now in secondary mathematics teacher education at Kochi University. The design and aim are different from the above study: to detect what mathematical praxeologies could be realised by the students, given that they had some university background in probability and statistics. The authors create a reference praxeological model of what they consider as relevant from this background to explore the bottle situation and analyse the students' actual exploration in terms of this model. It turns out that students were able to mobilise some but not all of the anticipated elements of the model. The authors consider that students could have mobilised some of the missing elements with more explicit instruction from the teachers and that student errors in such an inquiry process may be important sources of learning.

LINKS BETWEEN UNIVERSITY AND SCHOOL MATHEMATICS

A majority of papers in this TWG consider, in one way or another, the links and gaps between university mathematics courses (or activities) that are not specific to future teachers and school mathematics or, more broadly, the activities of a school mathematics teacher. Most of the papers report on experiments to strengthen the links, while others seek to identify and explain the gaps.

Goor, Pinto and Karsenty present some aspects of the M-Cubed project in Israel, designed to explore interactions between mathematics researchers (called "mathematicians") and experienced secondary school teachers of mathematics, as they meet to discuss video-recorded lessons from secondary school. The mathematicians focus on the characteristics of the mathematical problem while the teachers concentrate more on aspects related to the observed interaction in the lesson at stake. The authors consider that such interactions can be fruitful experiences of boundary-crossing but that facilitators or brokers are needed to overcome what might otherwise be discontinuities in the interaction.

Pustelnik also investigated the perspectives of mathematicians (in the above sense), but this time concerning their activity as lecturers in mathematics courses for future secondary-level teachers. From interviews, it appears that some lecturers occasionally try to show how the contents they teach are related to school mathematics, but none have recent or specialised knowledge about the latter. In the German university where the lecturers teach, they give similar but separate lectures to "mathematics students", and "teacher-students" (different undergraduate programmes in Germany), but the lecturers believe the contents delivered in each case should be essentially the same.

Bübenbender-Kuklinski, Hochmuth and Liebendörfer examined, equally in the German context, the relevance for the teaching profession that mathematics teacher students attribute to mathematical domains which are mandatory in their undergraduate studies (such as calculus and linear algebra). They do so through a longitudinal quantitative study, which gives rise to interesting hypotheses, like students attributing less relevance to domains in which they feel insecure; however, supplementary qualitative data will be needed to confirm such causalities.

Hochmuth and Peters investigated, on their side, the qualities of the mathematical knowledge that German teacher students take away from their undergraduate studies. More specifically, in a graduate course specifically designed for these students, they found that the participants were largely unable to mobilise basic results from undergraduate analysis and linear algebra to carry out a qualitative analysis of ordinary differential equations, and to engage such analysis in modelling problems arising in other disciplines. The authors notice that both tasks are indeed highly relevant to the curriculum they prepare to teach.

The problems of connecting school mathematics and university mathematics are considered from an intervention perspective in three papers and one poster. Bauer and Müller-Hill propose a set of principles for designing tasks that could help teacherstudents in Germany to deepen and professionalize the mathematical knowledge learnt in undergraduate mathematics courses of linear algebra and analysis, particularly in relation to proof. These tasks are worked with by students in modules that run in parallel with the courses, bringing promising results.

Huo and Winsløw also present a list of task design principles for students of a Danish university in a capstone mathematics course, which, unlike all university mathematics courses they have taken, is designed specifically with the needs of teachers in mind. The goal of the design is to produce tasks that can develop and assess students' capacity to mobilise the mathematical knowledge studied at the university on secondary mathematics problems. Several examples of tasks are given and analysed according to the principles.

Viirmann and Jacobsen present a course design carried out at a Swedish university to cover mathematical and didactical content jointly and concurrently. The teachers (and authors) team teaches the course and personifies, through their research background in mathematics and mathematics education, the two strands of the course. The two teachers take turns to be the "main" teacher, and an example is given of how the other may inject comments and questions from his perspective is given, for instance, to highlight general perspectives from either university mathematics or didactics that apply to the topic at hand. The authors suggest that care should be taken in such a dialogue setting, not to lose the students.

The poster by Delori and Wessel presents an idea for connecting preservice teachers' knowledge of school algebra (like equation solving) and abstract algebra through design research, which at the time of writing was not yet carried out. The poster by Broley, Buteau and Müller outlines a sequence of modules, designed and tested at a Canadian university. One aim is to provide an experience of using coding to learn mathematics, which is particularly relevant to future teachers in times when new school curricula require pupils to get such an experience. Finally, the poster by Vinerean, Brandl and Liljekvist explain how preservice mathematics teacher's work with "Interactive Mathematical Maps" can help them gain a vision of mathematics as being constructed by humans and related to important problems.

EDUCATING UNIVERSITY MATHEMATICS TEACHERS

There were no contributions in TWG5 reporting on preservice education for university teachers of mathematics, but Gómez-Chacón, Hochmuth and Peters report on a workshop for a mixture of early career and more experienced university mathematics teachers from Spain, carried out in the context of the European PLATINUM project. The aim was to initiate participants to an inquiry-based approach to mathematics teaching and learning and to develop their skills to design mathematical tasks to be used in such an approach, based on collegial reflection, and taking into account concrete constraints in the participants' courses. The outcomes seem to confirm that task design could be an important and fruitful topic in in-service courses for university mathematics teachers, and (as to some extent demonstrated by previously outlined papers) a lever for implementing new results from university mathematics education research in practice.