Changing Beliefs, changing INTENTIONS OF practices: THE RE-EDUCATION OF Preservice Teachers of Mathematics
Effective mathematics is the result of a complex coordination of specific knowledge and specific beliefs. Too often, however, the emphasis within teacher education programs is placed on the infusion of content knowledge, pedagogy, and pedagogical content knowledge, with only a cursory treatment of the beliefs that, for better or for worse, will govern the eventual application of what has been acquired within these programs. In this paper I present the results of a study that took an opposite approach. That is, it examines the effectiveness of a methods course designed around problem solving in challenging the beliefs of a group of preservice teachers of mathematics. The results indicate that through their experiences with problem solving the participants' beliefs about the nature of mathematics, and what it means to teach and learn mathematics were drastically, and positively, affected. 
"Prospective elementary teachers do not come to teacher education feeling unprepared for teaching" (Feiman-Nemser et al., 1987). "Long before they enrol in their first education course or math methods course, they have developed a web of interconnected ideas about mathematics, about teaching and learning mathematics, and about schools" (Ball, 1988). These ideas are more than just feelings or fleeting notions about mathematics and mathematics teaching. During their time as students of mathematics they first formulated, and then concretized, deep seated beliefs about mathematics and what it means to learn and teach mathematics. It is these beliefs that often form the foundation on which they will eventually build their own practice as teachers of mathematics (cf. Fosnot, 1989; Skott, 2001). Unfortunately, these deep seated beliefs often run counter to contemporary research on what constitutes good practice. As such, it is one of the roles of the teacher education programs to reshape these beliefs and correct misconceptions that could impede effective teaching in mathematics (Green, 1971). 

Beliefs
An individual's beliefs, along with attitudes and emotions, comprise the affective domain (McLeod, 1992). The affective domain is most simply described as feelings – how an individual feels about something. In the context of mathematics, the affective domain was introduced to explain why learners who possessed the cognitive resources to succeed at mathematical tasks still failed (Di Martino & Zan, 2001). In this context, the beliefs are what learners believe to be true about mathematics and are often based on an individual's own experiences as learner of mathematics. For example, beliefs that mathematics is "difficult", "useless", "all about one answer", or "all about memorizing formulas" stem from experiences that introduced these ideas and then reinforced them. 

In the context of teaching mathematics, beliefs have more recently been involved in explaining the discordance between teachers' knowledge of mathematical subject matter and teacher practice. This research has revealed that the formation of teachers' beliefs about mathematics teaching and learning come from their own experiences as a learner of mathematics (cf. Fosnot, 1989; Skott, 2001). So, a belief that learning mathematics is "all about learning algorithms" may manifest itself as a belief that teaching mathematics is "all about teaching algorithms," and an experience that "all problems have one solution" may manifest itself in the teaching that "all problems must have one solution."
Changing Beliefs 

Robust beliefs are difficult to change. However, an abundance of research purports to produce changes in preservice teachers of mathematics. Prominent in this research is an approach by which preservice teachers' beliefs are challenged (cf. Feiman-Nemser et al., 1987). Because beliefs that preservice teachers posses are often implicitly constructed from personal experiences as learners of mathematics, challenging these beliefs helps an individual make explicit the basis of their beliefs, thereby transforming beliefs from non-evidential to evidential (Green, 1971) and exposing them to the individual for critique and analysis. 
Another prominent method for producing change in preservice teachers is by involving them as learners of mathematics (and mathematics pedagogy), usually submersed in a constructivist environment (cf. Ball, 1988; Feiman-Nemser & Featherstone, 1992). Theoretically, this approach serves two purposes. First it models for preservice teachers the ideas of constructivist learning, involving them in experiences which may be completely absent from prior learning encounters. Second, it uses a teaching methodology that repeatedly has been proven effective in promoting construction of new knowledge, new ideas, and new beliefs. 

More recently, my own work in this area has shown that preservice teachers' experiences with mathematical discovery has a profound, and immediate, transformative effect on the beliefs regarding the nature of mathematics, as well as their beliefs regarding the teaching and learning of mathematics (Liljedahl, in press, 2002). This approach combines the aforementioned methods by challenging preservice teachers to make explicit their ideas on teaching and learning mathematics in the face of their own experiences with mathematical problem solving in group environments. In what follows I briefly present a research study designed and implemented within this context. 
Methodology
Participants in this study are preservice elementary school teachers enrolled in a Designs for Learning Elementary Mathematics course for which I was the instructor. This particular offering of the course enrolled 35 students, the vast majority of these students are extremely fearful of having to take mathematics and even more so of having to teach mathematics. This fear resides, most often, within their negative beliefs and attitudes about their ability to learn and do mathematics. At the same time, however, as apprehensive and fearful of mathematics as these students are, they are extremely open to, and appreciative of, any ideas that may help them to become better mathematics teachers. 

During the course the participants were submerged into a problem solving environment. That is, problems were used as a way to introduce concepts in mathematics, mathematics teaching, and mathematics learning. There were problems that were assigned to be worked on in class, as homework, and as a project. Each participant worked on these problems within the context of a group, but these groups were not rigid, and as the weeks passed the class became a very fluid and cohesive entity that tended to work on problems as a collective whole. Communication and interaction between participants was frequent and whole class discussions with the instructor (myself) were open and frank. Throughout the course the participants kept a reflective journal in which they responded to assigned prompts. These prompts varied from invitations to think about assessment to instructions to comment on curriculum. One set of prompts, in particular, were used to assess each participant's beliefs about mathematics, and teaching and learning mathematics (What is mathematics? What does it mean to learn mathematics? What does it mean to teach mathematics?). These prompts were assigned after the first week, the fifth week, and the eleventh week of the course. In the twelfth week of the course the participants were assigned the task of re-reading their entire journals and then responding to the prompt: How have your ideas changed through your participation in this course? In particular, how have your ideas about what mathematics is, and what it means to teach and learn mathematics changed? Because of the need for brevity I present here only excerpts from this last entry. 
Results and Discussion
When reflecting on what has changed the participants seemed to divide their responses into two subsections – how their beliefs about mathematics have changed, and how their beliefs about teaching and learning mathematics have changed. From the first of these several themes emerged from the data. The latter of these were often expressed in a convoluted testimonial of their own experiences within the course as learners and their newly formed views of themselves as teachers. From these testimonials several themes also emerged. In what follows I present, with exemplars and brief discussion, three of these themes.
Mathematics as a Verb

Almost all of the participants (32) mentioned in their writing that they now see mathematics as something that one 'does' as opposed to something one 'learns'. Many of these comments were expressed in the form of an implicit before/after comparison. This can be seen in Nicole's comment. 

I now see how important it is to allow students to work on a problem, to actually do the mathematics, to struggle, and to think.
Nicole's use of 'now' indicates that she has undergone a change in her beliefs, but it is only through inference that we can deduce what her beliefs were before entering the course. Kelly, on the other hand, is much more explicit about what her beliefs were.

At the beginning I thought that math was about learning rules. Now, after all the problem solving I see math more as problem solving. This is a big change for me because I used to HATE problem solving.

These changes can be summarized as a change from seeing mathematics as a noun ('the rules we learn') to a verb ('to do, to struggle, to think'). 

Humanizing Mathematics

All of the participants mention, in one way or another, how they 'now see the value of mathematics'. Many are more explicit about the nature of this 'value', as can be seen in Kevin's comments.
I mentioned several times, especially in the beginning, that I thought mathematics needed to be connected to the real world in order for it to be meaningful. Now I'm not so sure that matters. I now see that a problem can become real to me without it being 'real'. 

I have come to refer to this as 'humanizing mathematics through first person experience'. These participants came to see the meaningfulness of mathematics, not through its application to the real world, but through their own experiences with it. 

Learning Through Talking

All of the participants wrote about how important the group work had been to their experience of 'doing' mathematics, and vowed to make extensive use of this in their own teaching. Many of these participants (23) explicitly mentioned that it was the talking that was the thing that was important. This is nicely exemplified in Lena's comments.
My whole definition of mathematics broadened beyond problem solving and pattern finding to include communication. At the beginning I flippantly wrote that math is a language, but now I see that it is best developed through use. In other words, I started to see talking as an integral part of learning, and that a math class should be noisy at times.

It is interesting that this view of how best to learn mathematics is shared with research mathematicians (Liljedahl, 2004).
Conclusion
A very powerful conclusion from this study is the impact that the problem solving environment within the class had on the recasting of these preservice teachers' beliefs about what mathematics is, and what it means to teach and learn mathematics. Through their own experiences with mathematics in a non-traditional setting they came to see, and to believe, in the value of teaching mathematics through 'doing', through 'talking', and through 'thinking'. As such, the results contribute to the growing body of research on what exactly it is that elementary school teachers need in the form of teacher training to become effective teachers of mathematics (cf. Ball, 2004). 
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