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Abstract

The issue of what are the specific types of knowledge needed for teaching has occupied educators, psychologists, philosophers and subject matter specialists for centuries. When teaching mathematics is concerned one specific type of knowledge is that of the didactics of mathematics. In this paper, we describe the substantial changes that the Middle School Mathematics and Physics Teacher Education Program at Sun Teachers College in Israel went through in the thirty years since its inauguration. This program initially included only subject matter and a general didactic component, and gradually came to encompass a substantial didactics of mathematics component. The paper illustrates how, within the framework of national guidelines, this program was developed and revised. The paper also shows how the program heads, each inspired by different educational visions, could steer the program in different directions. The paper raises several significant issues relating to teacher education programs:  (1) the basic components of mathematics teacher education programs; (2) the interrelationship between mathematics, general-education and didactic of mathematics courses; and (3) the tension between centralization and decentralization in teacher education programs.

FORMULATING AND DEVELOPING A DIDACTICS OF MATHEMATICS COMPONENT IN A TEACHER EDUCATION PROGRAM: RESEARCH AND INSTRUCTION 

Dina Tirosh and Pessia Tsamir

Introduction

The issue of what are the specific types of knowledge needed for teaching has occupied educators, psychologists, philosophers and subject matter specialists for centuries (e.g., Ball & Bass, 2000; Cooney & Wiegel, 2003; Even, 1999; Futrell, 1986; Green, 1971; Jawarski & Gellert, 2003; Ma, 1999). When teaching mathematics is concerned one specific type of knowledge is that of the didactics of mathematics. In this paper, we describe the evolution of the Middle School Mathematics and Physics Prospective Teacher Education Program (MSMPTE) in Sun
 Teachers College (in short, Sun) in Israel. This program initially included only subject matter and a general didactic component, and gradually came to encompass a substantial didactics of mathematics component. To place these developments in a proper context, we begin with a brief overview of teacher education policies in Israel. We then describe the general structure of the MSMPTE at Sun, focusing on the didactics of mathematics component.

The paper illustrates how, within the framework of given national guidelines, the MSMPTE was developed and revised. The paper also shows how the program heads, each inspired by different educational visions, could steer the program in different directions.

Teacher Education in Israel

Two types of teacher education programs were initially formulated in Israel: For teaching all school subjects in elementary schools (grades 1-8) and for teaching each specific school subject in secondary schools (grades 9-12).  All teacher-education programs enjoyed a high degree of autonomy and developed their own individual two-year curricula. In 1968, Israeli parliament decided that elementary schools would consist of grades 1-6, and the secondary schools of grades 7-12. The secondary schools were further split in two: middle schools (grades 7-9) and high schools (grades 10-12). It was hoped that by including grades 7 and 8 in the secondary schools, pupils would study the prescribed subjects with specialized teachers and their achievements would improve. 

The reform was a main cause for a dramatic revision in teacher education: the teacher-education institutions that were initially given a mandate to train only elementary school teachers became authorized to train general teachers for grades 1-6 and school subject teachers for grades 7-9. The newly developed programs for middle school teachers included a major, academic component. As a result, a general structure for academically based teacher education programs in teacher-education – “The General Guidelines for Teacher Education Curriculum” (GGTEC) - was defined (Council for Higher Education, 1981). The GGTEC lays down the general framework for teacher education programs. Each program contains two basic components: subject matter studies and general education studies. According to the GGTEC, teacher education programs granting academic degrees should last four years, totaling, at least 120 weekly hours. Both authors of this paper were involved in the formulation of the MSMPTE at Sun. This program went through a number of dramatic changes over the years. Here we describe the alteration in the didactics of mathematics component of the program.

The MSMPTE Program at Sun  

Today, the MSMPTE at Sun consists of three main parts: 

1. Education studies (28 hours/week): Introductory courses in psychology of education, statistics, and general skills (e.g., computer usage, English).

2. Subject matter studies (63 hours/week): 29 hours mathematics, 26 hours physics and 8 hours chemistry. The mathematics subject matter component includes courses in Calculus, Linear Algebra, Statistics, Probability, Logic, Set Theory, Differential Equations and Complex Numbers.

3. The didactics of mathematics and didactics of physics components (42 hours/week): 22 hours/week of courses (16 mathematics, 6 physics) and 20 hours/week of specialized field practice (14 mathematics, 6 physics).

In the following section, we describe three main stages in the evolution of the didactics of mathematics component of the program. 

The Evolution of the Didactics of Mathematics Component

Stage I: Before the Beginning…

The MSMPTE at Sun was instituted in 1975 by two young scientists, a physicist and a mathematician. They initiated a three-year program for mathematics and physics teachers for middle schools, consisting of both subject matter and general educational components. They introduced university level mathematics and physics courses into the program and adopted the general model of teacher education programs in Israel that included a general pedagogical component. The educational courses were given to all the college’s prospective teachers, regardless of their major and they related to general issues such as learning in small groups, various forms of feedback and types of tests. The field practice included classroom observations, not necessarily mathematics or physics lessons, in middle schools.

The first prospective teachers graduated the MSMPTE in 1978. In their reflections on the program, they expressed feelings of non-readiness to teach mathematics and physics due to their lack of knowledge of the relevant curricula
 and having no experience in teaching these subjects.  Consequently, the two heads decided to include specific didactic courses and field practice in mathematics and physics.  Tirosh was asked to formulate the didactics of mathematics component.

Stage II: Initial Steps

Tirosh studied the nature of the program and made two major modifications:

1. Courses: For each of the five main, middle school mathematics topics (number systems, algebra, geometry, functions, and statistics and probability) two courses were designed; one presenting the specific topic at an advanced level, and the other, a corresponding didactics course.

2. Field practice:  The field practice was redesigned so that each prospective teacher in his/her second year of studies was assigned to a master mathematics teacher. He/she observed lessons, taught in the master teacher’s classes, and discussed the lessons with him/her. 

In the third year the prospective teachers took upon themselves the responsibility for teaching the entire, seventh grade mathematics curriculum in three schools. Pairs of prospective teachers were assigned to teach groups of about 15 students, four hours per week for a full semester. The prospective teachers were mentored in each of the schools by a mathematics educator from Sun. The prospective teachers participated in the staff meetings of the schools and took part in parents and teachers meetings.

Stage III: Reframing and Consolidating

In 1991, Tsamir was elected as the head of the middle school didactics of mathematics component of the MSMPTE Program at Sun.  Tsamir retained the general structure but implemented the following modifications:

1.
Courses, reflecting the developments in mathematics education:

i) Integrating advanced technologies in instructional practices;
ii) Discussing theories of mathematics learning, and epistemological and historical aspects of mathematics teaching and learning;
iii) Studying impacts of affective and multicultural factors on mathematics teaching and learning; and
iv) Analyzing methods of evaluation and assessment.

2.
Field practice:  In their third year, prospective teachers were assigned to a school whose population came predominantly from low socioeconomic backgrounds to increase their sensitivity to this population. The prospective teachers together with their mathematics mentor form Sun took full responsibility for teaching geometry to all grade 9 pupils. Each pupil studied geometry for two hours per week in addition to the four hours per week of mathematics that these grades usually study.

This structure provided the prospective teachers with an opportunity to do their initial teaching in a relatively safe atmosphere (i.e., teaching small sized classes, in pairs, with the constant support of an experienced field instructor). The pupils benefited from extra mathematics lessons taught in small groups that afforded them an opportunity to experience success and encouraged them to change their views of themselves as learners of mathematics. All in all, the prospective teachers’ realization of their contribution to the pupils' knowledge and self esteem highly motivated them to invest effort in their practice teaching.

Stage IV: New Crossroads

Tsamir left her post and a new head of the didactics of mathematics component was elected. At this point, the staff (eight mathematics educators) was asked to respond to the following questions, during individual interviews: Which components of the program are, in your opinion, satisfactory and should be continued? Which are unsatisfactory and should be improved? In what ways?

The interviews revealed that, generally, the mathematics educators were satisfied with the structure of the didactics program. However, a main concern of the staff members was with the need to prepare teachers who will “survive” in the present, conventional educational system versus the desire to educate teachers who will take an active, leading role in promoting needed reforms in mathematics instruction.  Some of the teacher educators argued that change could only occur after teachers became intimately acquainted with the present educational system, with its drawbacks and with the modifications needed to improve it. Others, however, believed that acquaintance with the system at this initial stage could be harmful and that prospective teachers should be trained from day one only to induce changes and to establish new educational realities. These two perspectives have different consequences in terms of the time allotted for practicing in schools and of the type of schools in which the practical part takes place. This major issue is currently under discussion.

Summing Up – Looking Ahead

In this paper we have described the substantial changes that one teacher education program went through in the 30 years since its inauguration. It is worth repeating that the flexible nature of the national guidelines regulating teacher education programs in Israel (i.e., the GGTEC) allows for such changes. Therefore, we view a major advantage of such guidelines, to be the wide margin it allows for program heads to express their educational vision. Such freedom may, however, become problematic as it is substantially dependent on the personal perspectives of the head. The delicate balance between centralization and decentralization is a major question that should be addressed explicitly not only in teacher education, but in education in general. In a way, the same issue that was presented at the beginning of this paper  arises again, namely: Does teaching require  specific knowledge and if so, what is its nature?
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� The name of the institute is a pseudonym





�       In Israel, there is a compulsory national curriculum for each subject in the elementary, middle, and high schools.








