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ABSTRACT

This paper discusses the development of a new pre-service secondary teacher education programme at one institution in South Africa. The structure and design of the mathe-matics curriculum are described in relation to a variety of demands, particularly the student cohort. Dilemmas of content coverage and the integration of mathematical content and methodology are discussed. The author argues for separate courses for content and methodology but suggests that hard distinctions between content and methodology are not helpful.  

Introduction

This paper describes and reflects on a new undergraduate Bachelor of Education  degree in one institution in South Africa that prepares specialist secondary mathematics teachers
. The programme is characterised by an intensive induction into mathematics and mathematics education, in a context of rapid change. I begin with a description of our students and the curriculum. I then focus on two central issues for teacher education in general: coverage of content, and integration versus separation of content and methodology. These are all critical factors that influence the work of supporting our students to become more mathematical.

Our students

Teaching is not a popular career choice currently in South Africa. On average our institution will graduate 15-20 high school maths teachers annually.  These numbers may drop in the near future since financial aid available to prospective teachers is limited, and the majority of students cannot afford a university education without substantial financial assistance. 

A key issue in recruitment and selection is the mathematical background of students. The majority of applicants for the secondary maths programme would not be accepted into a science degree programme largely because their maths results in their final year of schooling are too low. Many have had a poor school education, attending poorly resourced schools where teachers may be un(der)-qualified in mathematics. In some cases students report having to teach themselves vast sections of work either because they did not have a teacher or because they did not complete the syllabus timeously. The vast majority of students lack conceptual understanding of their school mathematics and many also lack procedural fluency (National Research Council, 2001) in the work they have been taught. In addition, the majority of students do not speak English
 as their main language. Many thus arrive in their first year with enormous gaps in their mathematical understanding, struggling to communicate in English, with little or no financial security and also have to cope with the adjustment to city life.   

This scenario paints a bleak picture and much has been said, both in our own country and internationally, about the poor mathematical knowledge of prospective maths teachers (e.g. Burgess, 2001; van der Sandt and Niewoudt, 2003). We see little value in lamenting the situation. Given the small number of students who are choosing teaching as a career, we cannot afford to set entrance requirements to ensure that only students with sound mathematical backgrounds are accepted to become mathematics teachers. The students we have are the students we have, and we need to take up the challenge. We find the metaphor of the half-full and half-empty glass a useful one. Thus we choose to see the glass as half-full rather than half-empty and we believe that students can learn to be mathematical and that mathematical ability is not predetermined at birth or through school experiences of mathematics.  

Structure and design of the mathematics curriculum 

The structure and design of the curriculum is a complex process. Two key factors inform all curriculum decisions: the belief that mathematical knowledge for teaching is not simply a collection of knowledge of mathematics, students and pedagogy; and the 

extent to which any option supports students to become more mathematical. All mathematics courses are specifically designed for prospective teachers and are taught by staff whose primary interest is mathematics education. It was decided that mathematical content would be the organising principle. Students are required to take eight mathematics courses (two per year), and two mathematics methodology courses (Table 1). They also take two mathematics courses that are compulsory for all prospective teachers: a course in mathematical literacy and a course focussing on fundamental mathematical concepts required for teaching, particularly in grades 4-7.  

	Year of study
	Mathematics and mathematics methodology courses for prospective secondary maths teachers

	1
	College algebra and functions 

Geometry and trigonometry

	2
	Introductory calculus

Introductory vector and matric algebra (with emphasis on geometric links)

1st methodology course

	3
	Mathematical modelling

Statistics and probability

	4
	Mathematical connections - links between different domains of mathematics 

Financial mathematics 

2nd methodology course

	Table 1


All courses are the equivalent of one semester (approx 12 weeks) but contact hours per week range from 5-8 depending on the course. In addition, students spend six weeks (two three-week blocks) in schools each year where they work closely with a super-vising teacher in the school and are also supervised by a member of the university staff who observes at least two lessons in each school experience session.

The selection and sequencing of content for each course, and of determining progression and development over the four years of the qualification is difficult. Common sense and experience make it clear that single courses in calculus, geometry and statistics are insufficient. The situation is exacerbated when students' mathematical backgrounds are poor and hence the pace at which they work is slow. However, given the breadth of the school maths curriculum and the need to give students some grounding in each mathematical domain, the possibilities for second courses in a topic are very limited. But it is possible to extend student's knowledge in particular content areas through links between courses. For example, the modelling course includes aspects of calculus, matrices and geometry, and the linear algebra course emphasises geometric applications in three-dimensional space when dealing with vectors. 

Research has shown that prospective maths teachers' experiences of learning mathe-matics play an essential role in their beliefs about and attitudes towards mathematics and the teaching thereof (e.g. Goulding et al, 2003). We thus endeavour to model participatory-inquiry classroom practices and a classroom culture that promotes discussion and interaction - a difficult task in classes of 80 students
. We also make extensive use of spreadsheets, dynamic geometry software and graphing calculators to support investigative work.

There are some disadvantages in organising a curriculum on mathematical content. For example, developing the mathematical discourse and mathematical practices (e.g. definition, proof, argumentation and multiple representation) may not happen in a systematic way. This is currently being done in the from of common threads across courses and to increasing levels of sophistication as students progress through the programme. Another disadvantage is that students may experience the programme as disjoint. One possibility for promoting coherence is the emphasis on solving mathematical problems using different tools, for example, proving that a diameter subtends a right-angle using tools of Euclidean geometry or using properties of vectors. This articulation across modules and the layering of mathematical processes over content requires a broad yet detailed overview of the entire programme but such an overview is difficult to achieve until the entire programme has been implemented. 

What we have learnt so far 

In this section I focus on two key dilemmas: coverage of content versus developing a mathematical discourse community, and integration versus separation of content and methodology. 

The temptation to focus on coverage of content rather than mathematical discussion and argumentation is continually present. This is a consequence of the nature of our student cohort as described above, the insufficiency of single courses in particular content domains, and traditional modes of learning mathematics at tertiary level which have set up expectations that vast amounts of content should be covered in each course. By contrast, prospective teachers must learn to talk about their mathematical ideas - in small groups and publicly. They must also learn to critique the arguments of fellow students. It takes time to develop a community that privileges this type of classroom discourse, and to maintain the practice once developed. Time pressures are increased when students are not working in their main language and so may struggle to follow another's line of reasoning and to share their own thinking in English. These are key skills for teachers and must be prioritised. Experience suggests it is more effective to do this work in content courses than in methods courses because the need to understand and be understood is immediate and so motivation to engage is enhanced. It seems therefore that it may be more effective to "teach about teaching maths" by doing maths, than to "teach about teaching maths" by talking about it. But these practices must be made visible and explicit and this too demands time within the content course. Clearly coverage must be reduced and so decisions about content are critical and cannot be based on the same criteria as mathematics courses for prospective research mathe-maticians, computer scientists or engineers. 

The value of integrating content and pedagogy does not remove the need for methods courses. In designing the curriculum, content and methodology courses were separated but with the assumption that content courses would incorporate aspects of methodology, particularly in the first and fourth years when students would not be doing specific maths method courses. In the first year of implementation, we included several issues relating to the teaching and learning of specific school mathematical content as well as links to the new curriculum. For example, learners' thinking about integers was selected to prepare students for their teaching blocks in schools where many would teach integers or be dealing with learners' difficulties with integers while simplifying  algebraic expressions. The work on integers revealed once again that knowing the mathematics to be able to do it for oneself is not the same as knowing the maths for teaching, and so if we were to deal with the content in terms of knowledge for teaching, then we would have to spend far more time on it within the content course. This was not possible. Furthermore, first year students perceived these aspects to be less important than the mathematical content that formed the bulk of the course, and students who were battling with the content (of the school maths tasks) were not in a position to engage with the tasks from a teaching viewpoint and so benefited very little from the methodological input. 

Our experiences confirm the value of separating methodology from content courses for secondary teachers. This is not based on a simplistic notion of separating content from pedagogy. The two are continually intertwined. However, separating the courses provides opportunity to shift the object of analysis. Students are doing mathematics in both courses. In the content courses, they are doing more advanced maths and frequently drawing links with the school curriculum. In methodology classes they are frequently focussed on school mathematics and exploring it more deeply. However, if no methodology issues are dealt with in the first year then students will be poorly prepared to cope with their teaching experiences in schools in the first year. This dilemma is not easily resolved. 

Hard distinctions between content (including pedagogy) and methods courses are not helpful. Students can learn mathematics and learn to teach mathematics in both courses although the objects of attention may differ. Our experience is suggesting that content courses are better for developing a mathematical discourse community and for rethinking what maths is and how it is best learnt and taught. Methodology courses provide space for aspects such as learner thinking, analysis of curriculum documents, language, assessment practices, and difficult school maths topics such as word problems and proportional reasoning, particularly when pre-service teachers have had a poor foundation in their own schooling. 
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� 	The history of teacher education qualifications and the changes brought about by the ending of the apartheid era are beyond the scope of this paper. 


� 	The language of learning and teaching in the university.


� 	Our first year maths class is approximately 80 but many of these students do not continue with mathematics beyond first year. 
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