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Mathematics Teachers’ knowledge and practices

Introduction

In education, the study of teachers and teaching has been an active field for a long time. In the 1980s, as PME was developing as an organization, new perspectives of teachers’ knowledge had become prominent, notably those of Elbaz (1983), Shulman (1986), and Schön (1983), which influenced the direction of research on teachers. Elbaz (1983) focused on identifying what teachers know that others do not, which she called practical knowledge, and how teachers encapsulate that knowledge. She contended that this knowledge is based on first hand experience, covers knowledge of self, milieu, subject matter, curriculum development and instruction, and is represented in practice as rules, practical principles and images.


Shulman (1986) proposed seven categories of knowledge that make it possible for teachers to teach and deal with more than practical knowledge – knowledge of content, general pedagogical knowledge, curriculum knowledge, pedagogical content knowledge [PCK], knowledge of students, knowledge of educational contexts and knowledge of educational ends, purposes and values. He emphasized PCK as a key aspect to address in the study of teaching.


Schön’s (1983) work distinguished between reflective practice and technical rationality, attributing the former to practitioners. When action is required, practitioners act on the basis of what they know, without separating the intellectual or formal knowledge from the practical. For a teacher, this means that reflecting-in-practice has to do with content and content-related pedagogical knowledge. It takes place when teachers deal with professional problems and therefore can be seen as a key part of their knowledge. In this sense, the teachers’ knowledge is not only “knowing things” (facts, properties, if-then relationships…), but also knowing how to identify and solve professional problems, and, in more general terms, knowing how to construct knowledge. These perspectives of teachers’ knowledge also include notions of teachers’ beliefs and conceptions, which we consider to be relevant constructs to understand what teachers know. 


The preceding notions of teachers’ knowledge formed the theoretical background we considered to define the activity of the teacher, the focus of this chapter. In order to examine such activity, we assume that two main constructs are required: teacher knowledge and teacher practice. These constructs are not independent of each other, but we treat them separately to highlight their unique features. Our intent, then, is to identify and discuss studies reported to the PME community that focus on teacher knowledge and practice in terms of issues, perspectives, results and possible directions for future work.


In order to set a boundary on the studies we identified for this chapter, we also considered the different contexts in which the activity of teachers can be situated. These include: (i) The classroom. This may be considered as a natural setting, in which the teacher and students interact, when there is no external intervention (e.g., from a research project). It becomes a different setting with external intervention, such as teachers or researchers who act as observers. (ii) The school. Teachers are active participants of the school as an institution, which is another natural community setting. Their activities can be based on the school’s own in-house projects, or its participation in wider projects that focus on curriculum innovation or action-research. (iii) Inservice courses and preservice courses. Teachers participate in formal preservice courses, when preparing to become teachers. Later, they may participate in formal inservice courses, in their schools, in a neighboring school, or in a teacher education institution. (iv) Other professional settings. Outside their schools, teachers can participate in formal or informal groups, associations and meetings. In all of these settings, the teacher acts, thinks and reflects. Thus, they offer opportunities to access teachers’ knowledge and teachers’ practices. But they also embody other elements of the activity of teachers, in particular, teacher development/education, which is outside the scope of this chapter. In this chapter, then, we focus on the activity of the teacher (interpreted in a broad sense to include preservice and inservice) by him/herself or working cooperatively with other teachers or researchers in all of these settings, but will include teacher education settings only when the focus of the study is on the teachers’ knowledge or practice and not on the teacher education program. 


Our review of research reports produced by the PME community revealed that, in the early years, researchers focused on students’ learning with little attention on the teacher; only a few studies related the activity of the teacher to students’ learning. However, beginning in the 1980’s there was growing attention on the teacher. This provided us with a substantive list of studies on teacher knowledge and practice. Guided by the theoretical background we discussed earlier, we classified the papers based on the objectives of the studies. This produced four major categories: (i) teachers’ mathematics knowledge; (ii) teachers’ knowledge of mathematics teaching; (iii) teachers’ beliefs and conceptions; and (iv) teachers’ practice. Categories (i), (iii) and (iv) each has over 60 papers while category (ii) has 35. We consider categories (i) and (ii) to be significantly different as knowledge of mathematics has a referent in an academic discipline – mathematics, one of the most formalized and sophisticated fields of human though – whereas knowledge of mathematics teaching is in the realm of professional knowledge, being highly dependent of evolving social and educational conditions and values, curriculum orientations and technological resources.


We used three periods – 1977-85, 1986-94, and 1995-2005 – as a basis to consider possible trends in quantitative terms (number of papers in each period) and qualitative terms (objects of study, theoretical emphases, methodological approaches, other issues). As we expected, in the first period, there are very few papers dealing with teachers’ knowledge. In the second period, there are a great number of papers dealing with aspects of teachers’ knowledge (mathematical and mathematics teaching), beliefs and conceptions. Studies on teachers’ practices first appear in the second period and grew at an amazing rate in the third. Trends involving the qualitative parameters over the three periods will be integrated in the discussion of each of the four categories as appropriate.


For our discussion of the four categories of studies, we consider our guiding questions to be: (i) What do mathematics teachers know, believe, conceptualize, think and do in relation to mathematics and its teaching and learning? (ii) What methods, theoretical perspectives and assumptions about knowledge, mathematics and curriculum did researchers adopt in studying the teachers? These questions will be addressed by identifying themes based on theoretical and methodological foundations and findings of the studies and discussing particular studies in the context of these themes. Thus, while many of the papers presented at PME conferences may appear to be relevant to this chapter, only those that we select to exemplify each theme are included here. The remainder of the chapter discusses the four categories and ends with our reflection of them collectively.

(..)

Teachers’ knowledge of mathematics teaching

In this section we address studies of teachers’ knowledge of mathematics teaching. Using the themes of studies in the early years of PME conferences, studies of pedagogical content knowledge, other studies framed in cognitive psychology and studies dealing with theoretical issues of teachers’ professional knowledge, we consider issues such as: What are important elements of teachers’ knowledge of mathematics teaching? What is the nature of this knowledge and how does it develop? 

Early studies

In the 1980s, only a few papers addressed teachers’ knowledge of mathematics teaching. For example, Andelfinger (1981) presented a survey method to get information about everyday teaching and gave an extended example of its use in surveying teachers about the role of fractions versus decimals in mathematics teaching. He indicated that teachers regard fractions and decimals as separated topics, with no problems and difficulties in common and little relationship to other topics.


Also using questionnaires, Brissiaud et al. (1982) investigated the relationship between the perceptions of elementary teachers and pupils regarding what is a problem. The results strongly supported the hypothesis that the pupil’s perception of problems is modelled on the teacher’s perception. In another paper, Rees (1982) reported on several studies using the notion of diagnostic teaching based in two main assumptions: (i) teachers’ awareness of learners’ misconceptions is critical for effective and efficient teaching and (ii) for this a general structure as a diagnostic outcome to which teachers can relate to is essential. She indicated that these studies “suggest strongly that explicit teaching of the concepts underlying the diagnostic tasks does result in more effective learning” (p. 96).

Pedagogical content knowledge studies

In the 1990s, the notion of teachers’ pedagogical content knowledge [PCK] (Shulman, 1986) was one of the theoretical constructs introduced in studying the teachers’ knowledge of mathematics teaching. Based in this notion, Even, Markovits (1991) studied junior high school teachers’ PCK regarding teachers’ responses to students’ questions, remarks, and hypotheses on the topic of functions. They indicated that teachers often are not aware of students’ difficulties: “some teachers ignore students’ ways of thinking and their sources. Instead, they evaluate students’ work only as either right or wrong” (p. 43). The authors stressed what the teachers could have considered but often did not, such as students’ misconceptions, ritual versus meaning orientation, teacher versus student centeredness, and richness of responses. They summarized their findings saying that the teachers “recognized the central role (…) of understanding students’ thinking” but most of them did not “recognize the importance of teachers’ reaction” (p. 46). 


In later studies, the notion of PCK was often combined with other theoretical ideas. For example, Klein and Tirosh (1997) evaluated preservice and inservice elementary teachers’ knowledge of common difficulties that children’s experience with division and multiplication word problems involving rational numbers and their possible sources. The authors indicated that most inservice teachers provided correct expressions for the multiplication and division word problems, what did not happen with prospective teachers. They summarized the findings saying that “most prospective teachers exhibited dull knowledge” of the difficulties that children's experience with word problems involving rational numbers and their possible sources, whereas “most in-service teachers were aware of students incorrect responses, but not of their possible sources” (p. 144). The researchers suggested that direct instruction related to students’ common ways of thinking could enhance both preservice and inservice teachers’ PCK.


More recent studies involving PCK show an effort to establish a critical perspective regarding it, either by reformulating it or complementing it with other theoretical notions. For example, Rossouw and Smith (1998) reported a study on elementary teachers’ PCK in geometry, two years after they completed an in-service course. The authors emphasized the perspective of knowledge in action (Schön, 1983) and discussed the need to enlarge Shulman’s (1986) notion of PCK. They presented a model with four categories (knowledge of geometry, learning geometry, teacher representations, and the environmental context of teaching) and identified three main orientations of the teachers, described as “life skills”, “investigative” and “mastery”. The authors also indicated that even though the teachers had the same learning experience in the inservice course that they attended two years earlier, their PCK of geometry showed marked differences and concluded that “teachers eventually develop their own pedagogical content knowledge which is shaped by their own experiences and perceptions” (p. 64).

Cognitive psychology studies

Some of the studies show a strong influence of information-processing theory, a major strand in cognitive psychology. In the 1990s, many of the studies framed in this paradigm used an expert-novice contrast to identify different ways of teacher thinking and decision-making. For example, Robinson, Even and Tirosh (1992), dealing with junior and high school teachers, examined the differences between two novice teachers and an expert teacher (reputed as an “excellent teacher”) in presenting mathematical material in a connected manner. The authors concluded that experts largely differ from novices in the role that connectedness plays in both their planning and teaching of lessons in algebra, as well as in their reflection on their own lessons. The expert teacher considered the issue of connectedness to be very important and used both vertical and horizontal connections to guide her teaching. In contrast, the novice teachers did not emphasize connectedness in their lesson plans and teaching. They also tended to stick to their plans regardless of what happened and drew conclusions that suited their plans but bore little connections with what really went on in the classrooms. In a later study, Robinson, Even and Tirosh (1994) investigated 7th grade teachers’ knowledge of issues related to the incomplete nature of algebraic expressions. The authors reported the customary differences that these studies tend to provide: while experienced teachers were aware of the existence of the difficulty and its possible sources, novice teachers attributed difficulties to other reasons, such as notations.


Also in the 1990s, a new construct grounded in cognitive psychology emerged in the PME community: Cognitively Guided Instruction (CGI), based in the work of Carpenter and Fennema (1989). The main idea is that understanding the knowledge of students’ cognition in mathematics is one important component of the knowledge of mathematics teachers. In one study, Bright, Bowman and Vacc (1997) sought to identify frameworks in primary teachers' analysis of children's solutions to mathematical problems and monitored changes in the framework use across the first year of implementing CGI. Five frameworks were identified in the findings: developmental, taxonomic, problem solving, curriculum, and deficiency. The curriculum framework was used most often, followed by the problem solving and deficiency frameworks.


In another study, Gal and Vinner (1997) addressed the difficulties experienced by students in understanding the concept of perpendicular lines and the difficulties shown by teachers when trying to explain it. The authors corroborated the main assumptions of CGI concluding that the teachers’ lack of tools which would help them to understand students’ difficulties makes them unable of providing adequate teaching. In addition, Gal (1998) addressed aspects of junior high school teachers’ knowledge concerning teaching special segments in the triangle. The aim was to draw teachers’ attention to the possibility that some difficulty is hidden (or not-hidden) behind the students’ answers, to introduce an opening towards understanding the difficulties, and to increase their motivation to look for solutions. Findings showed that the teachers became aware of their cognitive processes and used them as a “didactic lever”. 

The nature and development of teachers’ knowledge

Some papers gave special attention to theoretical issues regarding teachers’ knowledge of mathematics teaching. In one, Ponte (1994) presented several cases to illustrate aspects of this knowledge regarding problem solving and to discuss its nature. Based in the ideas of Schön (1983) and Elbaz (1983), he presented the notion of “professional knowledge” as essentially knowing in action, grounded on experience, reflection on experience and theoretical knowledge. In his view, this knowledge is different from academic and common sense knowledge and ought to be studied on its own right, and not just regarded as “deficient” academic knowledge. Discussing the cases of three middle and secondary school teachers, he analysed possible reasons for different views and practices regarding problem solving, suggesting that specific know how and confidence may interfere with general agreements of curriculum priorities and ways of acting in the classroom. He presented four elements of professional knowledge: (i) teachers’ views and personal relationships with mathematics; (ii) teachers’ knowledge and personal relationship to students; (iii) teachers’ knowledge and attitude regarding the curriculum; and (iv) teachers’ way of living the profession. These elements are shaped by past experience and influenced by the social and institutional contexts.


Chapman (2004) used the construct of “practical knowledge” to describe knowledge that guides actual teacher actions. In her perspective, such knowledge “corresponds with positions teachers take” and is “experiential, procedural, situational, particularistic, and implicit” (p. 192). The author emphasized the procedural aspect of practical knowledge and noted that it can be used either for adapting, shaping, or selecting elements in real life situations. Based in this framework, she presented aspects of the practical knowledge of high school teachers who consistently engaged students in peer interactions in their teaching of mathematics, which included teachers’ conceptions that support a social perspective of learning, students’ behaviours and outcomes in peer interactions, learning activities, and teacher’s behaviours that support peer interactions.


Finally, Simon (1991) addressed the initial development of prospective elementary teachers' conceptions of mathematics pedagogy. This study, framed in terms of a constructivist perspective applied to the construction of teachers’ knowledge, aimed to describe the conceptions of prospective elementary teachers early in their preparation to teach. The author sought to identify “what ideas are readily developed or changed and which are not developed or are resistant to development" (p. 271). Focusing on one participant, the author argued that prospective teachers do not have a well-developed model of student learning and that teaching strategies such as questioning and the use of manipulatives “are more easily learned than are new models of students’ mathematical learning” (p. 275). However, in his view, prospective teachers have difficulty in decentring from their own thinking to focus on student thinking. 


The preceding account of studies in this category of teachers’ knowledge and practice depicts a picture of both weaknesses and strengths in teachers’ knowledge of mathematics teaching. It suggests the need to pursue a global theory about the specific knowledge involved in the teaching of mathematics and how it relates to knowledge about mathematics, learning, curriculum, and the organization of instruction. We further reflect on this category later in the discussion section of the chapter.

Teachers’ beliefs and conceptions

Beliefs and conceptions have played a prominent role as a basis of studying mathematics teachers and their teaching. While there was little attention on these constructs in papers presented at PME conferences in the 1980s (cf. Hoyles, 1992), there has been a significant increase in their use from the early 1990s. Thompson’s work (e.g., 1992) and Ernest’s work (e.g., 1991) seem to be important influences in fuelling this and were cited by many of the studies. In this category of studies we consider the following questions: How are beliefs/conceptions defined? What theoretical models or methods are used to access beliefs/conceptions? What aspects of teachers’ beliefs are studied and how is the nature of these beliefs regarded? What is the relationship between beliefs/conceptions and practice?

Concept of beliefs/conceptions

For most of the studies, what is meant by beliefs seems to go unnoticed, or considered to not be an issue, by the researchers. The term belief is treated as a taken-for-granted in that an explicit discussion is not provided. In general, terms such as beliefs, conceptions, views, perspectives, perceptions, personal constructs, belief systems, and images are used synonymously or interchangeably. Our category of beliefs and conceptions, then, can be described by the contracted form ‘beliefs/conceptions’ and should be understood in a broad sense.


Three exceptions to the general trend of not explicitly defining beliefs/conceptions are the papers of Hoyles (1992), Ponte (1994) and Gates (2001). Ponte (1994) drew distinction between knowledge, beliefs and conceptions in his study of teachers’ conceptions and practices regarding mathematical problem solving. He explained, “I take knowledge to refer to a wide network of concepts, images, and intelligent abilities possessed by human beings. Beliefs are the incontrovertible personal “truths” held by everyone, deriving from experience or from fantasy, having a strong affective and evaluative component. ... Conceptions are the underlying organizing frames of concepts, having essentially a cognitive nature. Both beliefs and conceptions are part of knowledge” (p. 199). Based in the perspective of Pajares (1992), the author regards beliefs as a part of relatively less elaborated of knowledge, not confronted with empirical reality, and that does not require internal consistency. Conceptions, on the other hand, are seen as organizing constructs, frame the way we tackle tasks and play an essential role in thinking and acting.


Hoyles (1992), who explained how the contention that teachers reconstruct their beliefs while interacting with an innovation, based on her work involving teachers’ interactions with computer activities and the ways they incorporated them into their practice, led her to propose the notion of situated beliefs, i.e., all beliefs are, to a certain extent, constructed in settings. They are “dialectical constructions, products of activity, context and culture” (p. 280). This notion challenges the separation of what is believed from how beliefs emerged. “Once the embedded nature of beliefs is recognized, it is self evident that any individual can hold multiple (even contradictory) beliefs and ‘mismatch’, ‘transfer’ and ‘inconsistency’ are irrelevant considerations and replaced by notions of constraints and scaffolding within settings” (p. 280). This perspective requires focusing on understanding “beliefs-in-practice”.


Another paper that deals with conceptual aspects was presented by Gates (2001). He discussed concepts that provide a sociological perspective of how belief systems are constructed upon teachers’ ideological foundations. In his view, much of the literature on teachers’ beliefs and conceptions and their effect on the teaching of mathematics fails to locate the sources of beliefs in the social world, treating them as if they existed in a social and political vacuum. One of the concepts he offered is habitus, the cognitive embodiment of social structure, that form the generative principles that organize our social practices leading to social action and provides systems of dispositions that force us (or allow us) to act characteristically in different situations. The mathematics teacher’s habitus will be at the root of the way in which teachers conceptualize themselves in relation to others; how they enact and embody dominant social ideas as well as how they transform and adapt them. The other concept offered by Gates is ideology, which addresses the relationships between ideas, society and individuals. It relates to matters of powers and social structure, as well as ideas and activity to the wider socio-cultural context and resides in language forms used and social imagery adopted. Relating this to teachers, ideological underpinnings appear as ideas and assumptions about human nature, about learning and educational difference, the role of education, the role of the teacher and ideas about priorities for teacher professional development.

Theoretical models for accessing beliefs/conceptions

Most of the studies employed conventional qualitative and quantitative methods to access beliefs/ conceptions. While many of the studies were case studies and used interviews and classroom observations, some used questionnaires and quantitative analysis. A few studies adopted specific theoretical models, in particular the Perry scheme and Ernest models, as a basis of data collection and/or data analysis as in the following examples. 


In the 1980s, Perry’s (1981) theory was used in framing two studies. Oprea and Stonewater (1987) explored the relationship between 13 secondary school mathematics teachers’ cognitive development and their belief systems. Findings indicated that five teachers rated as relativistic, five as late multiplistic, and three as early multiplistic. The data did not support the authors’ hypotheses that there is (i) a positive correlation between the teachers’ Perry position and the view that mathematics is useful and (ii) a negative correlation between that position and the view that mathematics is closed. The authors resulting hypothesis is that Perry level might be different with regard to how teachers think about mathematics and its teaching. Owens (1987) reported on two case studies of preservice secondary school teachers’ personal constructs of mathematics and its teaching. Perry’s ideas provided a framework for the analysis of the experiential, mathematical and pedagogical perspectives through which the participants interpreted their teacher preparation program and anticipated their roles as teachers. Findings indicated that constructs related to teaching roles tended to focus on personal, non-intellectual qualities. Constructs relating to mathematics were affected by prior success with pre-college mathematics and anticipated uses of mathematics in teaching roles and were often discordant with perception of subject matter preparation at the college level. 


Beginning in the 1990s, Ernest’s work was used to frame many of the studies as in the following examples. Carrillo and Contreras (1994) reported a study that tested a framework for the analysis of the teachers’ conceptions of mathematics and its teaching. The framework included a model for conception of mathematics teaching with four “didactic tendencies” – traditional, technological, spontaneous and investigative and six categories of 35 descriptors (many of which coincided with those in Ernest, 1991) for each tendency – methodology, subject significance, learning conception, student’s role, teacher’s role and assessment. The framework also had a model for conception of mathematics with three tendencies proposed by Ernest – instrumentalist, platonic, and problem solving –, and three categories of 21 descriptors for each tendency – type of knowledge, aims of mathematical knowledge and means of development of mathematics. Case studies for six inservice secondary teachers were conducted illustrating the use of this analytical tool.


Valero and Gómez (1996) explored the effects on the belief system of a university teacher who was involved in a curricular innovation centered on graphic calculators. They considered five elements of teachers’ belief systems: view about mathematics, about the aims of mathematics teaching, about learning, about teaching and about role of instructional materials. They also considered Ernest’s (1991) categories of teachers. During the first semester, the teacher was identified as “industrial trainer” with beliefs of mathematics as a set of unquestionable, accepted truths and that mathematics education aims at the mechanization of basic skills. In semester 2, her behaviour changed to “public educator” but her belief system still reflected “industrial trainer”, i.e., the calculator influenced change in behaviour in interacting with students but not her beliefs in general.


Charalambous, Philippou and Kyriakides (2002) in their study of teachers’ philosophical beliefs, adopted Ernest’s (1991) model of Platonist, instrumentalist, and experimental-constructivist views of mathematics. Their goal was to collect empirical data to examine the efficiency of this model in describing primary and secondary teachers’ beliefs about mathematics, the factors influencing the development of these beliefs, and their relation to teachers’ beliefs and practices about teaching and learning mathematics. Findings revealed a five-factor model representing a combination of the dimensions of Ernest’s model but the data failed to verify this model. 


Finally, two studies focused on alternative research approaches to take context into consideration. Critiquing Likert scales, Ambrose et al. (2003) developed an alternative instrument, intended to capture qualitative data that are quantified to provide a common metric for measuring change in individuals and for comparing individuals to one another in relation to their beliefs, e.g., about mathematics, knowing and/or learning mathematics, and students learning mathematics. The instrument uses video clips and learning episodes to create contexts to which users respond in their own words rather than choose from one of several options. Findings from two administrations of the instruments with preservice elementary teachers suggest that it is an effective tool for assessing belief change. Chapman (1999) discussed a humanistic approach for researching teacher thinking, defined to include beliefs and conceptions. The approach is related to the work of Connelly and Clandinin (1990) that promotes narratives as a way of capturing and studying lived experience, e.g., the teaching of mathematics. Thus, with it, beliefs can be accessed in a situated way in the form of stories of experience. Teachers can be asked to tell stories of their choice, stories prompted by the researcher, and stories to support claims they make during interviews. Case studies of high school mathematics teachers using this approach suggested that it is effective in capturing their thinking about mathematics and its teaching from their perspective.

Aspects of teachers’ beliefs/conceptions

As reflected from the sample of studies discussei8d in the preceding sections, investigating teachers’ beliefs or conceptions about the nature of mathematics and the teaching of mathematics was a key focus of many studies. However, some of the studies focused on describing teachers’ beliefs or conceptions in relation to a particular aspect of teaching and learning mathematics, e.g., problem solving, students’ mathematics errors, technology, and gender differences. Of these, problem solving and technology were dealt with in multiple studies and we highlight some examples here.


Grouws, Good and Dougherty (1990) interviewed junior high teachers to determine their conceptions about problem solving and its instruction. They found four categories of conceptions of problem solving in which the teachers could be grouped: problem solving is (i) word problem, i.e., the mode of presentation of the problem situation was the determining factor; (ii) solving problems, i.e. anytime students found an answer to a mathematical problem they were doing problem solving; (iii) solving practical problems, i.e., what teachers perceived as real-life situations; and (iv) solving thinking problems, i.e., need to incorporate ideas in the solution process. The first three focus on the nature of a problem and its computational aspects while the last one is primarily concerned with processes involved in finding a solution.


Chapman (1994) reported on a case study of an elementary teacher’s perspective of problem solving and its teaching. Findings indicated that the teacher viewed problem solving as both a cognitive and a social endeavour. She made no distinction between problem and problem solving, i.e., the problem solving is the problem, one does not have a problem until one starts to experience and deal with a barrier in a situation one is curious about or has an interest in. She viewed teaching of problem solving in terms of a three-stage process, i.e., preparation, collaboration, and presentation, as a basis to organize her teaching. 


For technology, Ponte (1990) investigated the conceptions and attitudes of secondary and middle school mathematics teachers involved in an innovative inservice program. Findings indicated that the participants had a major concern with the dynamics that the computer could bring to their classroom and some of them were also interested in using this instrument for interdisciplinary activities. Bottino and Furinghetti (1994) focused on the reaction of teachers facing curricular innovations involving the use of computers. They reported on five case studies of inservice secondary teachers’ beliefs on the use of computers in teaching mathematics. Findings indicated that the teachers’ beliefs on the role of computers were mainly a projection of their beliefs on mathematics teaching. If teaching of mathematics was interpreted as a transmission of knowledge, without real participation of students, the use of computers appeared of little relevance. The teachers interested in constructing knowledge found in computers answers to their needs. Beliefs on the nature of mathematics were less influential in the acceptance or refusal of computers but played a role in the choice of the type of software tools used. Kynigos and Argyris (1999) investigated two elementary teachers’ practices and beliefs constructed after eight years of innovative practice involving small cooperative groups of students in a computer-based mathematics classroom. Findings focused more on practice and indicated that one teacher had confidence with mathematics and appreciation of encouraging reflection, but interventions were infrequent and often lacking in mathematics content. The other teacher expressed uneasiness with mathematics, but was very directive and mathematically explicit in her interventions. Finally, Valero and Gómez (1996), discussed in a previous section, focused on a teacher who was involved in a curricular innovation centered on graphic calculators and found that technology by itself does not promote change in beliefs but could play a role in destabilization of the teacher’s beliefs.

Relationship between beliefs/conceptions and practice

Many of the studies focused on this relationship directly or indirectly. However, overall, the findings were mixed, with a few researchers offering some explanation for reported inconsistencies in the relationship. For example, Hoyles (1992), in her review of research on teacher beliefs, noted that these studies threw up evidence of inconsistencies between beliefs and beliefs-in-practice. She argued that this mismatch was thrown into relief when teachers were faced with an innovation, particularly when the innovation involved computers – a point brought home by the metaphor of the computer as window and a mirror on beliefs. Grouws, Good and Dougherty (1990) found that while some relationships were evident between the conception of problem solving and the reported instructional practices of their sample of junior high school teachers, other aspects of instruction were heavily influenced by external factors such as textbooks, district expectations, and standardized testing and were similar across all teacher responses. Fernandes and Vale (1994) found that their two participants revealed very similar conceptions of mathematics and problem solving as preservice middle school teachers but as beginning teachers their practices differed quite substantially. In one case mathematical problem solving was integrated in the curriculum and there was a consistency between her claimed ideas and intentions and her practice. In the other case contradictions emerged between what the participant claimed to be his ideas and intentions and what actually happened in his classrooms. The authors suggested their teacher education program, official mathematics curriculum, and pedagogic school culture as possible factors to explain their situations, however, given that both teachers encountered these factors but behaved differently leave the issue unanswered. Finally, Beswick (2004) reported on a case study of one secondary school teacher that focused on what specific teacher beliefs are relevant to teachers’ classroom practice in various classroom contexts. She found that the teacher held beliefs that were consistent with the aims of the mathematics education reform movement but there were significant differences in his practice in regard to the various classes. For example, his belief in relation to older students of average ability had a significant impact on his practice in their lessons and limited the extent to which some students in this class were likely to engage in mathematical thinking. 


One study that focused on explaining the basis of the inconsistencies was reported by Skott (1999) who investigated the relationship between the teacher’s images of mathematics and its teaching and learning and his or her classroom practices. Based on a case study of an inservice elementary teacher, the author explained that certain moments of the teacher’s decision making are characterized by the simultaneous existence of multiple motives of his/her activity. These motives may be experienced as incompatible and lead the teacher into situations with apparent conflict between beliefs and practice. Rather than examples of inconsistencies these may be conceived as situations in which the teacher’s school mathematical priorities are dominated by other motives of his/her educational activity, motives that may not be immediately related to school mathematics. Thus, apparent inconsistencies may be understood as situations in which the teacher’s motive of facilitating mathematical learning is dominated by other and equally legitimate motives of, for instance, ensuring the student a space in the classroom community or developing his or her self-confidence. 


The preceding account of studies in this category of teachers’ knowledge and practice shows that beliefs and conceptions are important to understand what teachers do and why they do it. We further reflect on this category later in the discussion section of the chapter. 

(..)
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