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Abstract. It is not uncommon for elementary teachers to hold narrow or negative views of mathematics. Changing such views requires, at least in part, novel and rich experiences with mathematics that cause teachers to see mathematics and mathematics teaching in a new light. We conceptualize the purpose of teachers doing mathematics not in terms of gaining content knowledge but as experiential therapy. In this paper we report on (a) the development and (b) the research of a Mathematics Course for elementary pre-service teachers. 
It’s not surprising to meet people who wear their view that “I’m not a math person” as a badge of honour. It is concerning that this is also the case among prospective mathematics teachers. Given this mathematics education predicament, it is perhaps not too far-fetched to suggest that there is a need for ‘math therapy’, which, we will argue, needs to involve new and different experiences with mathematics. 

In this paper we report on (a) the development and (b) the research of a Mathematics Course for elementary pre-service teachers whose goal is to immerse pre-service teachers in working with mathematics problems, where they experience rich mathematical activities, attend to school mathematics content deeply and more often experience the pleasure of mathematical insight (Gadanidis 2004). We conceptualize the purpose of teachers doing mathematics not in terms of gaining content knowledge but as experiential therapy. Ball (2003) suggests that the “goal is not to produce teachers who know more mathematics.”
Development of the Mathematics Course

Prior to 2001, the core of our mathematics education program for elementary pre-service teachers consisted of 8 two-hour workshops (approximately 28 pre-service teachers per class) and 9 hours of lectures (approximately 440 pre-service teachers in a large auditorium). In 2001 we replaced the large lectures with 9 online modules accompanied by a structured online discussion. It has been difficult to add more time to our mathematics program, given monetary and timetabling constraints. We especially wanted to add a component where a space was created for pre-service teachers to (re-)experience school mathematics. In 2003, we added an elective Mathematics Course to experiment with what such a course might be like. The elective Mathematics Course was an 18 hour elective, with nine 2-hour classes, and it was offered to 25 pre-service teachers.


Doing mathematics became the starting point for the course. Most elementary teachers have narrow views of what mathematics is and what it means to do mathematics (Fosnot & Dolk 2001; McGowen & Davis 2001). Fosnot & Dolk (2001, 159) suggest that “teachers need to see themselves as mathematicians,” and towards this end we need to foster environments where they engage with mathematics and construct mathematical meaning. Mathematics experiences were designed to be interesting and challenging enough to capture their interest and imagination and to offer the potential for mathematical insight and surprise (Gadanidis 2004). Classroom activities and assignments fostered reflection on and attentiveness to school mathematics subject matter it self. Two of the assignments (one at the beginning and one at the end of the course) asked students to describe their view of mathematics and to discuss an appropriate metaphor for their personal experience with mathematics. Also, in the last 5 minutes of each class, pre-service teachers took the time to write about what they learned and what they felt during the class. Their ideas were compiled into a single document, under the headings of ‘learned’ and ‘felt’ (anonymously), and this was distributed and discussed at the beginning of each class. The individual reflection and collective discussion opened up a space for attending to mathematics subject matter as well as to adequate ways of doing and warm experiences of mathematics. 

A wide variety of mathematics problems and situations were explored in the Mathematics Course. What was common about the mathematical activities was that they had to be problem solving tasks that were non-routine and motivating to the teachers as well as had the potential to generate mathematical insight. For example, one of the problems in the first class explored the equation __ + __ = 10. Pre-service teachers rolled a die to get the first number and then calculated the second number. They wrote the pairs of numbers in table and in ordered pair form, and plotted the ordered pairs on a grid. We repeated this for  __ + __ = 6 and  __ + __ = 4. Some pre-service teachers expressed surprise that the ordered pairs lined up (see Figure 1). “I had the ‘aha’ feeling when I saw the diagonal line pattern on the graph. That was my favourite part.” Pre-service teachers also noticed that the graph of __ + __ = 4 could be used as a visual proof of 6 + - 2 = 4 and 5 + - 1 = 4. That is, (6,-2) and (5,-1) line up with (4,0), (3,1), (2,2) and (1,3). They also explored equations whose graphs were not parallel to the ones above and whose graphs were not straight lines. Such mathematical connections appeared to be pleasing to pre-service teachers. “I loved the adding/graphing we did and how you should take problems and branch out … it really makes something in my mind click.” 

In 2004, we added 9 more hours of contact time with elementary pre-service teachers, in the form of 9 large group auditorium sessions, where they worked on small group problem activities. We selected 9 interesting problems to form the basis of each of the 9 Mathematics Sessions, respectively. We purchased enough materials to allow for 440 pre-service teachers to work in groups of four. In the last 5 minutes of each session, pre-service teachers completed and handed in a sheet outlining what they had learned and what they had felt during the session.
 These reflections were summarized and then shared and discussed at the beginning of the next session. A website was created to provide extensions and interactive explorations of problems. A new assessment component was added, where in the last workshop of the course, pre-service teachers would have thirty minutes to write an ‘essay’ on one of the problems dealt with in the Mathematics Sessions. 
Research of the Mathematics Course

For the 2003 elective Mathematics Course, a multi-layered, structured content analysis was conducted of the reflections of 25 pre-service teacher (written at the end of classes 1-8) and of their two beliefs assignments. The content analysis adhered to the “stage model of qualitative content analysis” defined by Berg (2004, 286). A similar analysis will be conducted for the 2004 Mathematics Sessions, using data from the learned/felt reflections, the online essay writing collaboration, interactive explorations and discussions, the essay assessment, and from interviews of a small subset (20) of the pre-service teachers. The analysis of  the data from the 2004 elective Mathematics Course revealed a number of themes. These themes are briefly discussed below.

Frustration. Many of the mathematics activities were novel experiences for all the pre-service teachers. Unlike typical mathematics teaching where the teacher seeks to make learning easier by organizing classroom experiences in small, bite-sized pieces, the Mathematics Course sought to create opportunities for pre-service teachers to problem solve and pose new questions as well as to think in mathematical ways. As one pre-service teacher commented, “I’m still frustrated by my inability to see the conclusion or the point. I can’t seem to push my thinking beyond the exercise to the solution, on my own.”
Attention and insight. As pre-service teachers continued to engage with the mathematics tasks in class, they began experiencing moments of insight. These were pleasurable moments that served as ‘remuneration’ for the effort and attention that they gave to the problems.  “I had a lot of moments where things just popped!”

Collaboration. Although at times pre-service teachers were asked to think about a problem individually before attempting it as a group, the pervasive atmosphere of the Mathematics Course was one of collaboration. Being able to work with others helped reduce stress with doing mathematics and exposed pre-service teachers to the mathematical thinking and problems solving strategies of others. “I felt really comfortable working in my group. It is easy to experiment with different things, and more ideas seem to come out.”
Time. Pre-service teachers were given ample class time to work on problems in a low stress atmosphere. In fact, most of the problem solving was done in class, and take-home assignments mostly consisted of course readings rather than mathematics problems.  “I liked that we were asked what other methods can we come up with to test right-handedness/left etc. Then we were given time in class to go through and actually try ideas – it’s been so long since I’ve had an experience like that in school. It was relaxing.”
The complexity of mathematics. Most elementary mathematics teachers view mathematics as a subject of procedures for getting correct answers. As the Math Therapy course progressed, many pre-service teachers started expressing more elaborate views of mathematics. 

Mathematics as a human activity. Pre-service teachers also associated the personal methods they ‘discovered’ for solving problems, as well as the process of doing such discovery, with natural human activity. They noted that their personal and informal ways of doing mathematics felt natural. “Math has started to consume my thoughts.”
Teaching mathematics. At the beginning of the Math Therapy course elementary school pre-service teachers expressed apprehensions about mathematics and a lack of desire to teach it. As the course progressed, pre-service teachers started expressing an excitement for teaching mathematics. “I faced my ‘math demons’ and actually grew to enjoy a subject I thought would be my nemesis forever.”

Beliefs and practice. Although pre-service teachers’ expressed perceptions of mathematics and of teaching and learning mathematics changed significantly as the course progressed, these new perceptions were also accompanied with apprehensions that they would be able to put them into practice. “This class has completely shattered my understanding of math and how to teach math. It makes me feel that teaching math is going to be difficult – or at least more challenging than I previously thought. There are so many ideas – I feel overwhelmed.”

Math Therapy

Pre-service teachers in the elective Mathematics Course overwhelmingly expressed that experiencing the course helped change their view of mathematics and of teaching and learning mathematics. However, a single course experience cannot create comprehensive or permanent changes in teachers’ perceptions of mathematics and mathematics teaching. Neither can we assume that such an experience will significantly affect teachers’ classroom practice; teaching is also greatly affected by accepted teaching practices in the wider school community (Buzeika, 1999; Ensor, 1998) and by conflicting priorities (Skott, 1999). However, such insightful and pleasurable experiences of mathematics are important starting points for change in teachers’ perceptions and classroom practice.
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Figure 1. a + b = 10, a + b = 6 and a + b = 4
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� This also served as a way of tracking attendance.





