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Summary

Technion – Israel Institute of Technology is basically an engineering school. It houses a mathematics department and a department of education. The former trains mathematicians and provides service courses to the various engineering departments, the latter trains high school teachers in mathematics, sciences and technology. 
Students registered at Technion for an undergraduate program leading towards a B.Sc. degree in any department, can elect additional studies towards a high school teaching certificate in a related field, starting in their second year. Alternatively, they can register for a 4 year study towards a B.Sc.Ed degree, which qualifies them for high school teaching in some area. Either way, those specializing in teaching mathematics, take mathematics courses at the department of mathematics and education/psychology courses at the department of education.

Integrating the mathematical contents, for which students are exposed in the academic level math courses, with the pedagogical and psychological issues involved in learning and in teaching high school mathematics, for which students are exposed in their education courses, has been a challenge for us, as for mathematics teacher-educators all over the world.
To meet this challenge, we made it our policy to include in our preparation program for high-school teachers, courses specially designed to bridge between the pure and applied subject-matter courses, and the psychology and methods courses taken towards a teaching certificate in any particular subject matter area.  

Towards this goal I developed for our mathematics students, four different courses with a common thread: 
(i) Math problems which rise in the context of strategy games; 

(ii) Problems which raise cognitive conflicts (mathematics paradoxes);
(iii) Problems which occupied the mathematics community throughout the history and development of mathematics; 

(iv) Problems related to applications of mathematics to other fields or to daily life.

Experimental syllabi for the contents, and a non-traditional teaching approach engaging students in collaborative work and expecting insight and reflective work, were initially tried out in all four courses.  The data, accumulated systematically in the naturalistic setting of each course during the first two semesters of their implementation, served as the basis for modifying and improving the contents as well as the class work atmosphere. 

In the proposed ICMI session I would like to share at least one example of activity from each course and focus the attention of the participants on delicate issues related to:

(a) Preparation of such courses;
(b) Conducting such courses;
(c) Evaluating such courses;

(d) The theoretical anchor of such courses.
In addition I hope that the session will bring up the added values of such courses in: 

· Sharpening  student-teachers' mathematical  knowledge and refreshing high school mathematics in an advanced context; 

· Improving student-teachers' perception of mathematics as a subject matter involving exploration, pattern recognition, functions, problem solving, reasoning, modeling and applications, far beyond the "theorem-proof" activity typical of academic math courses; 
Raising future-teachers' pedagogical awareness of the constructive role in the development of mathematical   knowledge, played by strategy games, fallacious and valid reasoning, posing of problems and dealing with their solutions. 
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Background – about our institution
Technion – Israel Institute of Technology is basically an engineering school. It houses a mathematics department and a department of education. The former trains mathematicians and provides service courses to the various engineering departments, the latter trains high school teachers in mathematics, physics, chemistry, biology, computer science and technology. Admission to Technion is highly competitive, based on applicant's high school graduation records. Majority of the students are at least 21 years old, having completed 3 years of mandatory army service after high school graduation. This implies a need to refresh their high school knowledge in parallel to the academic work.
Students registered at Technion for an undergraduate program leading towards a B.Sc. degree in any department, can elect additional studies towards a high school teaching certificate in a related field, starting in their second year. Alternatively, they can register for a 4 year study towards a B.Sc.Ed degree, which qualifies them for high school teaching in some area. Either way, students specializing in high school teaching of mathematics, take academic-level math courses at the department of mathematics, and education/psychology courses at the department of education.

The problem and a solution
Integrating the mathematical contents, for which students are exposed in the university-level math courses, with the pedagogical and psychological issues involved in learning and in teaching high school mathematics, for which students are exposed in their education courses, has been a challenge for us, as for many mathematics teacher-educators all over the world. Moreover, providing for a context in which future teachers can grasp the nature of mathematics culture, its beauty and its intellectual fulfillment so that they develop an enthusiastic attitude towards communicating these values to school children, has been a true challenge.
To meet these challenges, and similar ones in other areas of specialization, the department of education made it its departmental policy to include in the preparation program for high-school teachers, courses specially designed to bridge between the pure and applied subject-matter courses, and the psychology and methods courses taken towards a teaching certificate in any particular area.  

Towards this goal I developed for the mathematics future-teachers four different courses, the contents of which are all centered in problem solving: 

(i) Math problems which rise in the context of strategy games; 

(ii) Math problems which raise cognitive conflicts (paradoxes);
(iii) Problems which occupied the mathematics community throughout the history and development of mathematics; 

(iv) Problems related to applications of mathematics to other fields or to daily life.

Experimental syllabi based on challenging activity handouts were developed and a non-traditional teaching approach engaging students in group-work and reflective discussion, was adopted and tried out in all four courses.  The data, accumulated systematically in the naturalistic setting of the courses during the first two semesters of their implementation, served as the basis for modifying and improving the contents as well as the class work atmosphere.

Topics to be worked on

In the proposed ICMI-15 interactive work session, I would like to share and have participants actually work out a sample of activities (at least one example of activity from each course), and then focus the attention of the participants on delicate issues related to:

(a) Preparation of such courses (E.g. finding the right balance between friendliness and mathematical accuracy/rigidity);
(b) Conducting such courses (E.g. coping with frustration);

(c) Evaluating such courses (What would be considered "good achievement" in a course?)
(d) The theoretical anchor of such courses (Constructivism, contextual learning, concept formation, motivation and frustration).
In addition I hope that the session will bring up the added values of such courses in: 

· Sharpening student-teachers' mathematical knowledge and refreshing high school mathematics in an advanced context.
· Improving student-teachers' perception of mathematics as a subject matter involving exploration, pattern recognition, functions, problem solving, reasoning, modeling and applications, far beyond the "theorem-proof" activity typical of academic math courses; 
· Raising future-teachers' pedagogical awareness of the constructive role in the development of mathematical   knowledge, played by strategy games, fallacious and valid reasoning, posing problems and dealing with their solutions. 
Session plan (2-5 hours, as the conference schedule permits)
Part a: 
A brief introduction of the problem including theoretical background. 

Part b: 
Participants will be handed an activity page, will form groups of 4-6 people, and will play a strategy game described in it (E.g. Sir Pinski's Game
). Following this, they will devote additional time for individual or in-pairs work on the mathematical questions which come to life in the context of this game leading to Sierpinski Gasket. The rest of the time will be devoted to a whole group reflection on the experience and its values for prospective teachers, in particular the joy of problem solving and learning math in the context of strategy games.
Part c: 
Participants will be handed an activity page (E.g. "The Largest Prime"
.) They will cope individually or in pairs with the paradox in order to untangle it. Then the whole group will reflect on the new depth of understanding gained through the cognitive conflict they were put in through this activity, and the benefit of such gain to future teachers. In particular we'll focus on turning errors and fallacious reasoning into leverage for learning mathematics, and on the fragility of human knowledge.
Part d-e: 
Similar structure for introducing sample activities from the course on problems in the history of mathematics (e.g. The Map Coloring problem) and from the course on math application (e.g. Packing problems). The discussion will focus on values such as mathematical usefulness vs. mathematics as a human endeavor; Motives for the development of mathematics; Failure and success in mathematics; mathematics for the majority vs. mathematics for the elite - - and more.
� 	The author was awarded the Technion Jacknow Prize for excellence in teaching for the work described in this paper. 


	Several research papers analyzing data collected in these courses and a related MAA Lester R. Ford award winning paper (with I. Kleiner) were published by the author. 





� 	M. Schroeder: Fractals, Chaos, Power Laws, Minutes from an Infinite Paradise, W. H. Freeman, 1991


�  	N. Movshovitz-Hadar and J. Webb: One Equals Zero and other Mathematical Surprises, Key Curriculum Press, 1998
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