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1. Introduction

Preservice mathematics teacher education is a complex process in which many factors interact. These factors include the kinds of knowledge, competencies, attitudes and values that teacher candidates should acquire or develop, where learning takes place (university, school, and other settings), and the roles, interests and characteristics of the participants in the process (preservice teachers, university instructors, classroom teachers/mentors, and students). They also include program options and conditions such as pedagogical approaches, ways of working emphasized, relationship of preservice teachers and instructors, access to resources, and use of information and communication technology. Associated with these factors are complex relationships in terms of their nestedness, intersections and direct and indirect links. There is also the issue of transforming theory to practice and transforming identity from student to teacher. Other issues include conflicts between what is considered important for preservice teachers to learn and what they actually learn, between university and school contexts, and among the perspectives of the different participants in the teacher education process and other interested parties such as ministries of education, school administrators, parents, media, and the public. Research also adds a layer of complexity in understanding teacher education in that studies can put an emphasis on different aspects of the mathematics curriculum as well as of preservice teachers’ learning and related learning opportunities. 

These layers of complexities of the preservice teacher education’s aims, processes and outputs offer many entry points in framing a paper on this field. However, in keeping with the theme of this section of the handbook, we have chosen to focus on particular aspects of preservice teachers’ knowledge and development, influenced by dominant themes from recent research of mathematics teacher education. Our intent is to highlight aspects of research on preservice mathematics teachers’ knowledge and development as a way of understanding current trends in the journey to establishing meaningful and effective preservice teacher education. We see this as a journey in the field of mathematics education research as preservice teacher education continues to be a major issue all around the world with the need to better understand the nature and development of preservice teachers’ knowledge and competency and the features and conditions of teacher education that favor or inhibit it.

The aspects of preservice teacher education research that we highlight relate to: (i) the mathematical preparation of teachers; (ii) the preparation of teachers regarding knowledge about mathematics teaching; and (iii) the development of teachers’ professional competency and identity. These three categories emerge as possible poles to discuss current work from our survey of several journals and books to identify research studies on preservice mathematics teacher education with emphasis on the period 1998-2005. We strived to include significant contributions from a wide range of regions and countries, some of which often are not considered in this kind of reviews. These papers cover a broad range of studies about preservice teachers’ knowledge of, and attitudes toward, mathematics and knowledge of teaching mathematics, prior to, during, and on exiting preservice teacher education. 

We organize our discussion of these studies in four main sections. After this introduction, in section 2, we consider papers dealing with preservice teachers’ knowledge of mathematics, paying special attention to the way mathematical knowledge is conceptualized by researchers as well as to the processes through which such knowledge develops. In section 3, we consider papers dealing with preservice teachers’ knowledge of mathematics teaching, again, paying attention to the way this knowledge is conceptualized and to its processes of development. These studies consider preservice teacher learning in situations other than their practice teaching. In section 4, we consider papers related to development of a preservice teacher’s identity and competence. These studies consider preservice teacher learning in situations involving their practice teaching and include how they reflect on their practice and on their role as teachers and how they start assuming a professional identity. They also deal with how to assist the preservice teachers in developing as beginning professionals. In section 5, we provide an overview of the theoretical frameworks and empirical research methodological features of these studies. Finally, we conclude with a section that offers a reflective summary of preservice teachers’ learning and discusses general issues about the state of research of preservice mathematics teachers’ knowledge and development.

2. Developing Mathematics Knowledge for Teaching

Content knowledge is one of the critical attributes of effective teachers (Shulman, 1986). It is the cornerstone of teaching for it affects both what the teachers teach and how they teach it. It is thus no surprise that teachers’ knowledge of mathematics continues to be a central theme in research on preservice mathematics teacher education. Ball, Lubienski, and Mewborn (2001) point out that two research approaches have dominated efforts to solve the problem of teachers’ mathematical knowledge that is required for teaching. The first centers on looking at characteristics of teachers, for example, amount of mathematics teachers have taken, the second, on teachers’ knowledge, in particular, a qualitative focus on the nature of the knowledge. In this paper, we focus on the second category of studies. We discuss some of these studies in relation to teachers’ learning and give special attention to the way mathematical knowledge has been conceptualized or treated by research studies as well as to the processes through which the development of such knowledge has been facilitated in mathematics education courses or programs. We also consider what constitutes mathematics knowledge in relation to teacher education.

2.1 Mathematics Knowledge for Teaching

While having strong knowledge of mathematics does not guarantee that one will be an effective mathematics teacher, teachers who do not have such knowledge are likely to be limited in their ability to help students develop conceptual or relational understanding (Skemp, 1976) of mathematics. As Ball Lubienski, and Mewborn (2001) explain, quality teaching is directly related to subject matter knowledge. But the nature of this knowledge is a critical factor in this relationship. For example, Chazan, Larriva, and Sandow (1999) in their case study of a preservice secondary teacher’s understanding of solving equations found that the participant’s substantive knowledge did not provide sufficient support for the development of her students’ conceptual understanding. They conclude that conceptual orientation to teaching and conceptual understanding of topic might not be sufficient subject matter resources for teaching. More generally, Ma (1999) argues that teachers need a profound understanding of fundamental mathematics to be effective teachers. This understanding goes beyond being able to compute correctly and to give a rationale for computational algorithms. It is an understanding that is deep, broad, and thorough. 

In more specific terms, the National Council of Teachers of Mathematics [NCTM] in its standards for the effective teaching of mathematics describes this knowledge as: “The content and discourse of mathematics, including mathematical concepts and procedures and the connections among them; multiple representations of mathematical concepts and procedures; ways to reason mathematically, solve problems, and communicate mathematics effectively at different levels of formality” (NCTM, 1991, p. 132). More recently, Kilpatrick, Swafford, and Findell (2001) describe it as: “Knowledge of mathematical facts, concepts, procedures, and the relationships among them; knowledge of the ways that mathematical ideas can be represented; and the knowledge of mathematics as a discipline – in particular, how mathematical knowledge is produced, the nature of discourse in mathematics, and the norms and standards of evidence that guide argument and proof” (p. 371).

Our review of recent studies of preservice teachers mathematics knowledge suggest that there is some level of consistency between these proposed items of knowledge and on what researchers have focused. Specific examples of what mathematics knowledge looks like in these studies are: decimal representations of numbers (Stacey, Helme, Steinle, Baturo, Irwin, & Bana, 2001), rational numbers (Tirosh, 2000); ratio and proportion (Ilany, Keret, & Ben-Chaim, 2004) and strategies for proportion problems (Lo, 2004); strategies for solving arithmetic and algebra word problems and evaluating students’ algebraic and arithmetical solutions (van Dooren, Verschaffel, & Onghena, 2001, 2003); solving equations (Chazan et al., 1999); representations in solving algebraic problems involving exponential relationships (Presmeg & Nenduardu, 2005); points of inflection (Tsamir & Ovodenko, 2005); formulating questions in statistical investigations (Heaton & Mickelson, 2002); functions (Sanchez & Llinares, 2003); mathematics of change (Bowers & Doerr, 2001); word problems and problem solving (Chapman, 2004, 2005); and argumentation (Peled & Herschkovitz, 2004).

These studies, then, suggest a trend of viewing the preservice teachers’ mathematics knowledge in terms of particular concepts, procedures, representations, and reasoning processes associated with the school curriculum. They touch on arithmetic, algebra, geometry, statistics and probability, functions/variation, problems and problem solving, and argumentation. Some studies also consider the preservice teachers’ ability to use mathematics and reflect about the uses of mathematics, and their views of mathematics. A common theme of these studies is that there are serious issues with preservice teachers’ mathematics knowledge that teacher education programs ought to address. The nature of these issues is well documented in the literature; thus, we next provide only a brief overview of the current situation.

2.2 Preservice Teachers’ Mathematics Knowledge

Over the last three decades, studies have highlighted several aspects of preservice teachers’ knowledge as being problematic in relation to what is considered to be adequate to teach mathematics with depth. Llinares and Krainer (2006) reference studies over this period that have identified student teachers’ misconceptions in different branches of school mathematical content: arithmetic and number theory; geometry; logic and proof; functions and calculus; sets theory; measurement, area; problem posing and problem solving strategies; probability; algebra; proportions and ratio. In Ponte and Chapman (2006) we summarize examples of several of these studies that show consistently that this knowledge is generally problematic in terms of what teachers know, and how they hold this knowledge of mathematics. The profile of preservice elementary teachers (the focus of most of these studies) emerging from these studies include: incomplete representations and narrow understanding of fraction; lack of ability to connect real-world situations and symbolic computations; procedural attachments that inhibit development of a deeper understanding of concepts related to the multiplicative structure of whole numbers; distorted definitions and images of rational numbers; influence of primitive, behavioral models for multiplication and division; adequate procedural knowledge but inadequate conceptual knowledge of division and sparse connections between the two; troubles to process geometrical information and lack of basic geometrical knowledge, skills and analytical thinking ability; serious difficulties with algebra; and inadequate logical reasoning. For secondary teachers, their lack of good understanding of functions has been highlighted.

Other recent studies continue to reflect this trend of identifying limitations in, or raising concerns about, preservice teachers’ mathematics knowledge. For example, Tsamir and Ovodenko (2005) investigated prospective teachers’ concept images and concept definitions of points of inflection. For the first 20 minutes of class over two days, participants completed three tasks focusing on their understanding of points of inflection. The findings indicate that most of their definitions were the personal type not the concept type. Two sources of teacher image emerged: one rooted in the student teachers’ previous mathematical studies and one rooted in their daily life examples but they showed erroneous understanding of points of inflection as tangent equal to zero. Presmeg and Nenduardu (2005) investigated a preservice teacher’s use of representations in solving algebraic problems involving exponential functions. Representations included tables, algebra, graphical, and numerical situations. The participant showed only instrumental understanding of the concept. The researchers conclude that fluency of conversion between modes of representation cannot be used as a sufficient criterion for inferring relational understanding. Sánchez and Llinares (2003) investigated four student teachers’ pedagogical reasoning of functions to identify the influence of their subject matter knowledge for teaching on their pedagogical reasoning. Data were collected at the beginning of a post-graduate course about the preservice teachers’ ways of knowing the concept of function and their images. Findings show that all participants saw the concept of function as a correspondence between sets and thought about the modes of representation of functions in a different way. Van Dooren et al. (2001), in their study of preservice teachers’ preferred strategies to solve word problems, showed that the secondary teachers clearly preferred algebra, even for solving very easy problems for which arithmetic would be appropriate. About half of the primary teachers adaptively switched between arithmetic and algebra and the other half experienced serious difficulties with algebra. The researchers doubted whether the primary preservice teachers experiencing great problems will have the disposition to prepare their students for the transition to algebra, but also whether the future secondary teachers will be empathic towards students coming straight from primary school bringing only an arithmetic background. Finally, Stacey et al. (2001) found that about 20% of the 553 elementary preservice teachers they studied had an inadequate knowledge of decimals. 

The implication of these studies on preservice teachers’ mathematics knowledge is that intervention through teacher education is critical to correct the highlighted deficiencies. Some studies explicitly suggest aspects of mathematics knowledge to which teacher education should attend. For example, Lo (2004), based on an investigation into prospective teachers’ solution strategies for proportional problems suggests that pre-service courses would benefit from giving prospective teachers tasks rich in context and encourages to represent these with pictures and diagrams to convey meaning to their solutions. Peled and Herschkovitz (2004), based on their study of non-standard issues in solving standard problems, suggest that teacher education programs need to make teachers aware of the existing tensions between applying a mathematical model and using situational considerations, and of the dangers of applying a mathematical model without fully understanding why it fits. Van Dooren et al. (2003), based on their investigation of student teachers’ knowledge of arithmetic and algebra, suggest that it seems valuable that students’ transition from an arithmetical to an algebraic way of thinking be treated explicitly in the mathematics education courses of preservice primary school teachers. Finally, Tirosh (2000), based on her study of prospective teachers’ knowledge of children’s conceptions of division of fractions, suggest that teacher education programs should attempt to familiarize prospective teachers with common, sometimes erroneous, cognitive processes used by students in dividing fractions and the effects of use of such processes. 

Collectively, however, these studies provide a picture of preservice teachers’ knowledge of mathematics that is limited in terms of the coverage of the mathematics curriculum. But also problematic is the basis on which the knowledge is considered inadequate for teaching, in particular, reform-based teaching. This seems to be based on the assumption that we have a clear understanding of, not only what knowledge is meaningful, but also how the teachers need to hold and use that knowledge for it to be meaningful in their teaching. As Ball, Lubienski, and Mewborn (2001) point out, “What becomes clearer across those studies [about the nature of teachers knowledge] is that studying what teachers know, is insufficient to solving the problem of understanding the knowledge that is needed for teaching. What is missing with all the focus on teachers is a view of mathematical knowledge in the context of teaching” (p. 450). They suggest that there is an important distinction between knowing how to do mathematics and knowing mathematics in ways that enable its use in teaching practice. It is not only what mathematics teachers know but also how they know it and what they are able to mobilize mathematically in the course of teaching: “What mathematical knowledge is actually entailed in teaching? How is it used?” (p. 452). To address such questions, Ball, Thames, and Phelps (2005) offer a set of hypotheses about knowledge of mathematics for teaching from the perspective of practice that includes: 

· Common content knowledge, i.e., mathematical knowledge and skill expected by any well-educated adult. This knowledge is associated with teachers having to recognize wrong answers, spot inaccurate definitions in textbooks, use notation correctly and doing the work assigned to students. 

· Specialized content knowledge, i.e., mathematical knowledge and skill needed by teachers in their work and beyond that expected of any well-educated adult. This knowledge is associated with teachers having to analyze errors and evaluate alternative ideas, given mathematical explanations and used mathematical representations, and be explicit about mathematical language and practices.

There is, thus, room to further explore the nature of the preservice teachers’ mathematics knowledge on entering, during and at the end of teacher education programs as a basis of further informing and understanding the nature of effective programs. However, we have gained significant insights about preservice teachers’ knowledge from the large body of research already conducted on it. The studies suggest that preservice teachers need to be involved in doing meaningful mathematics. Such meaning may develop from working in tasks framed in rich contexts and considering the complex tensions between using mathematical models and contextual situations; it also may develop from looking at children’s thinking and conceptions, empirically and conceptually. 

2.3 Facilitating Development of Mathematical Knowledge for Teaching

We turn our attention to studies that not only identify deficiencies in teacher knowledge but also carry out interventions to remedy them. Jaworski (2001) details the nature of the teacher educator action as facilitating the connection between theory and practice by developing effective activities that, in turn, promote teachers’ ability to create effective mathematical activities for their own students. In a more specific way, Cooney and Wiegel (2003) propose three principles for teaching teachers mathematics addressing the kinds of mathematical experiences that promote an open and process-oriented approach to teaching, suggesting that preservice teachers should: (i) experience mathematics as a pluralistic subject; (ii) explicitly study and reflect on school mathematics; and (iii) experience mathematics in ways that foster the development of process-oriented teaching styles. Cramer (2004), influenced by NCTM standards, also provides a pedagogical model to frame mathematics courses for teachers that consists of 

· Mathematics content is embedded in problem settings; learners collect data, generate hypotheses, and verify conjectures.

· Learners work in small groups to optimize the opportunity for discourse.

· Questions are posed to help learners construct mathematical knowledge.

· Learners’ language (oral and written) plays an important role in facilitating the transition from problem solving and exploration to formal mathematical abstractions.

· Connections within and among mathematical topics are emphasized.

· Technology use is integrated into the daily activities of the course. (p. 181)

These three examples of how we can approach preservice teachers’ learning of mathematics for teaching support the view that there is no clear-cut approach to addressing the concerns about preservice teachers’ mathematics knowledge. 

One of the themes of these studies suggests the need for integrating topics covered in school mathematics in teacher education programs, not simply as a way of providing more mathematics, but more importantly, to allow teachers to understand and reconstruct what they know with more depth and meaning. For example, Beckmann, Wells, Gabrosek, Billings, Aboufadel, Curtiss, Dickinson, Austin, and Champion (2004) discuss the importance of integrating K-12 mathematics materials in college-level mathematics courses for preservice teachers. They report on a project to enhance six core courses for prospective elementary and secondary school teachers by using exemplary mathematics tasks to introduce important concepts. The authors focus on reasoning and proof to discuss the nature of these courses in which preservice teachers are expected to conjecture, reason, communicate logically, and write valid proofs. One activity developed to promote conjecturing, reasoning, and proof is a probability problem in which students reason informally by making and testing conjectures; another is a patterning and recursion activity in which students apply informal reasoning and are led to formalize their arguments; and a third is a geometry activity using formal proof methods. The authors conclude that inclusion of grades K-12 mathematics activities in core college-level mathematics courses enables preservice teachers to acquire a deeper and more connected understanding of the mathematical content. Blomm (2004) reports on her institution’s use of a sequence of three courses (a content and two methods courses) for preservice secondary mathematics teachers intended to let them experience the structure of mathematics, the relations of various content domains to each other and to the real world. She elaborates on the content course, which focuses on having the student teachers solve problems from a wide variety of secondary school mathematics resources including textbooks, teaching journals, and contests. Homework is designed to include a set of problems selected from different content areas to allow them to first determine the mathematical facts and concepts they need to proceed. In the author’s view, as the semester progressed, the barriers that keep content areas compartmentalized start to break down and preservice teachers begin to see mathematics as a continuum of interrelated concepts, rather than a set of isolated skills and formulas.

Some studies focused on teaching a specific topic as part of a course. For example, Ilany et al. (2004) investigated a model for teaching ratio and proportion topics in mathematics teacher education. The model is composed of four components. The first and core component includes authentic investigative activities dealing with ratio, rate, scaling, and indirect proportion. In parallel, participants are referred to articles dealing with ratio and proportion, mathematically and pedagogically. The second component includes the structure of the activity, that is, context familiar to participants and content involving missing value, numerical comparison, and qualitative prediction and comparison problems, requiring comparisons not dependent on specific numerical values. The third component includes the structure of the didactical unit, such as working in groups and the fourth evaluating students’ knowledge. Findings on the effectiveness of the approach indicate that it produced significant changes in the teachers’ understanding of ratio and proportion. Another example is Kinach’s (2002) teaching experiment in a secondary mathematics methods course involving instructional explanations of integer addition and subtraction tasks. Version A of the approach invites prospective teachers to devise and thoroughly debate different explanations for integer addition, using a number line or algebra tile unit squares, before they attempt to explain integer subtraction. It is anticipated that the representations for integer addition will transfer to explanations for integer subtraction. Version B invites prospective teachers to explain integer addition and subtraction in anyway they choose. Following this, teachers are invited to explain both integer addition and subtraction using representations on the number line. The author indicates that the Version A approach is effective in deepening preservice teachers’ knowledge of secondary mathematics. 

Also in this category is Heaton and Mickelson’s (2002) approach to help prospective elementary teachers develop statistical knowledge, in particular, knowledge about statistical investigations. The experiment was carried out in an undergraduate mathematics education course situated in the final semester of coursework of a field-based teacher education program for prospective elementary teachers. Participants were given two assignments. In the first, they learned to conduct a statistical investigation to address a question they posed regarding some aspect of mathematics teaching and learning at a practicum site. They were required to pose questions, identify variables, plan and carry out data collection, summarize data, report findings, and recommend changes in teaching practice. In the second assignment, they developed and taught a statistical investigation unit with children in a practicum site. In both assignments, the aim was for them to be engaged in authentic learning of statistical process and content through investigation as a way to develop insight, some technical skill, and enthusiasm for statistical investigations by working in a realistic way. Findings indicate that formulating an investigation question that can be addressed quantitatively was problematic for the participants. In reflecting on the project, some of them mentioned only learning statistical content and process from the assignments, with very little progress on the more ambitious aims of the unit.

Finally, in this category are two studies by Chapman (2005, 2004). Chapman (2005) investigated the knowledge 28 preservice secondary mathematics teachers hold of problem solving and the role of reflection and inquiry activities in enhancing it. The approach included initial responses to prompts about their knowledge of problems and problem solving followed by a set of inquiry-reflective activities that included comparing the nature of problems, solving problems and reflecting on the process by writing and analyzing narratives of the problem solving experience, representing the process with flow charts, interacting with peers to role-play and reflect on the process, and creating a problem solving model. The findings show that most of the participants initially made sense of problems in terms of the routine problems they had previously experienced and understood the problem solving process in a way consistent with the traditional classroom practices. Following the inquiry-reflective activities, they thought of problems more from the perspective of the solver, e.g., in terms of the thinking required and the level of challenge. Their understanding and model of problem solving now reflected a process in which one moves back and forth as opposed to taking a linear path to a solution. Chapman (2004) investigated an approach to help preservice elementary teachers enhance their understanding of the mathematics involved in arithmetic word problems. The participants were 20 preservice teachers who had completed their practicum, were in their final semester but had no prior instruction or theory on word problems. The approach consisted of pre-intervention, intervention, and post-intervention activities. The pre-intervention included participants, individually, creating a word problem and described what was thought about to create it, creating a word problem similar to a given problem and comparing word problems of similar structure; and in groups, creating different word problems to reflect the meanings of the arithmetic operations. The intervention activities were based on the word-problem literature, and involved word problems for 23 different situations covering the operations. In groups, the participants analyzed and represented the problems in a variety of ways focusing on the structure of the problems and the meaning of the operations. The post-intervention activities were intended to obtain information on the participants’ learning and included application of their knowledge and writing journals on the meaning of the experience for them. Findings indicate that they initially viewed word problems in terms of a cover story that should relate to students’ real world experiences and operations that the students already know. The post-intervention findings show that they now viewed word problems as including a mathematical structure associated with the meaning of the given and unknown quantities, and a semantic structure associated with the way in which an interpretation suggests particular mathematical relationships. They were also now able to represent different versions of word problems in different modes to show the meaning of the operations. 

One approach that focused on the use of concept maps was offered by Bolte (1999). This study focused on enhancing and assessing preservice teachers’ integration and expression of mathematical knowledge. It deals with the use of concept maps and interpretive essays at the beginning of a lesson as a measure or review of past learning, during instruction to develop understanding, or at the end of a lesson as a summative activity. After completing a draft of their concept maps, preservice teachers wrote an accompanying interpretive essay in which they had to clarify and expand on the relationships expressed in the maps. Findings indicate that the participants felt that the construction of the concept map and the writing of the corresponding interpretive essay encouraged them to reflect on their knowledge and enhanced their ability to make mathematical connections. Some participants were uncomfortable with the open-ended nature of the task. The author concludes that the use of concept maps and interpretive essays provides preservice teachers with an opportunity to mature mathematically and to experience an alternative approach to instruction and assessment.

Finally, other learning approaches focused on the use of technology. For example, Bowers and Doerr (2001) engaged prospective secondary teachers in activities involving the use of technology as a way of developing their understanding of the mathematics of change. The objective was to introduce “perturbations” to their knowledge of the mathematics of change and introduce technology to assist in resolving it. The technology involved the use of motion detectors and the MathWorlds software. Three core instructional sequences were designed to engage participants in experiential and graphical ways of challenging their formal knowledge of the mathematics of change. The first two sequences, which involved investigations of relative and parabolic motions, were specifically designed to provide opportunities to explore the richness of the fundamental theorem of calculus by examining the relationship between a velocity graph and its linked position graph. The third sequence involved having the participants design, implement, and reflect on a MathWorlds-based lesson sequence to help younger students interpret various concepts of the mathematics of change. The findings indicate that the participants’ efforts to resolve perturbations ultimately led them to develop a deeper understanding of the underlying quantities represented in velocity and position graphs. They also devised a more meaningful interpretation of the mean value theorem based on a graphical interpretation of rate and gained insights of the importance of differentiating between local and global interpretations of graphs and the importance of appropriate contexts. Another example involving technology is the study of Zbiek (1998) in which preservice secondary teachers used computing tools to develop and validate functions as mathematical models of real-world situations. Methods for exploring these functions involved using a variety of technology, such as graphing tools, symbolic manipulators, and spreadsheets. Findings indicate four categories of modeling that emerged from participants’ approaches: potential function generator that relied on the interpretation of graphical features; function-fitted selector which used only numerical comparisons to determine the optimal goodness-of-fit value; scatter plot/graphing tool that required linking algebraic forms with graph behaviors; and unneeded/unused tool that required the recall and understanding of ratios and formulas in addition to numerical comparisons of model values to data values. 

These studies suggest that a variety of approaches could lead to positive learning outcomes for preservice teachers. These approaches include: (i) using exemplary school mathematics activities to introduce important concepts in college-level mathematics courses; (ii) solving problems from a wide variety of secondary school mathematics resources including textbooks, teaching journals, and contest materials; (iii) analyzing and representing problems in a variety of ways; (iv) using investigative or inquiry activities; (v) devising and debating different explanations for a mathematics concept; (vi) using technology; and (vii) using concept maps. They suggest that while the preservice teachers’ understanding of school mathematics may lack depth, with appropriate experiences they can make the transition to developing deep understanding of at least some topics. With slightly different emphasis, these studies seem to be moving in the direction suggested by Jaworski (2001), Cooney and Wiegel (2003) and Cramer (2004). However, as the Heaton and Mickelson’s (2002) study suggests, preservice teachers’ learning may fall short of expectations if the aims are too ambitious regarding their entry points. We thus need more research detailing how specific approaches fit different aims and the needs of different groups of preservice teachers, primary and secondary, with different backgrounds and in different educational systems.
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