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Core practices and mathematical tasks of teaching in teacher education: What can be learned from a challenging case?
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In order to successfully carry out ambitious mathematics teaching, awareness about the underlying mathematical tasks of teaching involved is necessary. This paper presents the case of Martin, who started mathematics teacher education because he likes mathematics and feels that he knows the subject. We observe him in a period of field practice where he is supervised by an experienced mathematics mentor teacher. While planning, conducting and reflecting on a lesson on multiplication of fractions, neither Martin nor his mentor teacher focus on core tasks of teaching mathematics. We use this case as a starting point for discussing challenges and possibilities of increasing the emphasis on core practices and the embedded mathematical tasks of teaching mathematics in teacher education.

Introduction and theoretical background

Mathematics teaching is complex, and different attempts have been made to decompose it. Some have tried to identify the most critical practices involved in the work of teaching mathematics, and they describe them as "core practices" (e.g., [START_REF] Mcdonald | Core practices and pedagogies of teacher education: A call for a common language and collective activity[END_REF] or "high-leverage practices" [START_REF] Ball | The work of teaching and the challenge for teacher education[END_REF][START_REF] Forzani | Understanding "core practices" and "practice-based" teacher education: Learning from the past[END_REF]. These practices are fundamental for supporting students' learning. Others emphasize the mathematical tasks of teaching that are embedded in the professional work of teaching mathematics (e.g., [START_REF] Ball | Content knowledge for teaching: What makes it special[END_REF][START_REF] Hoover | Common tasks of teaching as a resource for measuring professional content knowledge internationally[END_REF]. In this paper, we focus on skills necessary to carry out the work of teaching mathematics by emphasizing mathematical tasks of teaching that are embedded in core teaching practices in teacher education. High-leverage practices and the underlying mathematical tasks of teaching "are essential for skillful beginning teachers to understand, take responsibility for, and be prepared to carry out in order to enact their core instructional responsibilities" (Ball & Forzani, 2009, p. 504). It is thus important to develop these practices during teacher education [START_REF] Teachingworks | High-leverage practices[END_REF]. The mathematical tasks included in these practices are instructional tasks that are mathematical and not pedagogical. When referring to "mathematical tasks of teaching", we follow the conceptualization by [START_REF] Ball | Content knowledge for teaching: What makes it special[END_REF].

Researchers have made various attempts to categorize core practices [START_REF] Forzani | Understanding "core practices" and "practice-based" teacher education: Learning from the past[END_REF]. In the TeachingWorks project (2015), a register of high-leverage practices is presented to serve as the basis for a core curriculum for the professional training of teachers. For instance, the first two of the nineteen high-leverage practices are: 1) "leading a group discussion", and 2) "explaining and modeling content, practices, and strategies." Both of these practices contain some mathematical tasks of teaching. For instance, the second practice obviously involves the task of "presenting mathematical ideas." It may also involve "finding an example to make a specific mathematical point" (Ball et al., 2008, p. 400), a mathematical task of teaching that has proven to be difficult for pre-service teachers [START_REF] Zodik | Characteristics of teachers' choice of examples in and for the mathematics classroom[END_REF]. This practice may also involve the tasks of "recognizing what is involved in using a particular representation" and "linking representations to underlying ideas and to other representations" (Ball et al., 2008, p. 400). Other mathematical tasks of teaching-some are embedded in more than one high-leverage practice-include using language carefully, highlighting core mathematical ideas while sidelining potentially distracting ones, and make their own thinking visible while modeling and demonstrating. The third high-leverage practice presented by [START_REF] Teachingworks | High-leverage practices[END_REF] is "eliciting and interpreting individual students' thinking." This practice may involve asking and responding to questions, or presenting the students with exercises that provoke or allow them to share their mathematical thinking in order to evaluate student understanding, guide instructional decisions, and surface ideas that will benefit other students. When engaging in these practices, the teacher is faced with several mathematical tasks of teaching. For instance, teachers are challenged to ask "productive mathematical questions" and to evaluate "the plausibility of students' claims" (Ball et al., 2008, p. 400). The mathematical tasks of teaching included in various core practices may vary depending on the context.

In Norway, the new national guidelines for primary and lower secondary teacher education use "core practices" as a term of reference (Ministry of Education and Research, 2016). Our study aims at discussing challenges and possibilities of implementing core practices and identifying underlying mathematical tasks of teaching mathematics in mathematics teacher education.

The Norwegian teacher education context

Norwegian teacher education is politically controlled [START_REF] Hammerness | Examining features of teacher education in Norway[END_REF], and national curriculum guidelines direct the focus and content of all teacher education programs. There are differentiated teacher education programs for primary (years 1-7) and lower secondary (years 5-10) levels; both are four-year bachelor programs. In the primary teacher education program, a mathematics course of 30 ECTS is compulsory for all pre-service teachers, whereas the lower secondary teacher education program requires 60 ECTS in mathematics for pre-service mathematics teachers.

Field practice is a compulsory part of teacher education, but studies indicate that pre-service teachers' opportunities to learn in this context are not sufficiently utilized [START_REF] Hammerness | Examining features of teacher education in Norway[END_REF]. Pre-service teachers are required to complete 100 days of field practice at partner schools. The aim is that field practice should focus on the subject that pre-service teachers study on campus the current year. In field practice, pre-service teachers normally work in groups that are supervised by an experienced mentor teacher. Prospective mentor teachers are required to take a training course of 15 ECTS, and they are employed by the universities as teacher educators. From 2017, the Norwegian teacher education will be a five-year master program, and the field practice component will be extended to a minimum of 115 days spread across five years (Ministry of Education and Research, 2016).

Methods

In order to discuss challenges and possibilities of implementing high-leverage practices (e.g., TeachingWorks, 2015) and identify underlying mathematical tasks of teaching (e.g., [START_REF] Ball | Content knowledge for teaching: What makes it special[END_REF], we consider an empirical case from a cross-disciplinary project in Norwegian teacher education entitled Teachers as Students (TasS). The TasS project has a focus on pre-service teachers' learning in field practice.

Data collection includes video recordings of group interviews held with each group of pre-service teachers before and after their period of field practice. Based on analyses of these interviews, Martin (pseudonym) stood out as a special case. He was one of only two pre-service teachers in the project who selected mathematics because they liked it and were good at it. A recent literature review suggests that being good at mathematics is important for pre-service teachers, for instance in perceiving and interpreting students' work [START_REF] Stahnke | Teachers' perception, interpretation, and decision-making: a systematic review of empirical mathematics education research[END_REF]. In this case we only know that Martin sees himself as good, and this was a criterion for selecting him as a case. We observed Martin in a period of field practice in his fourth semester. In the previous semester, he had completed the 60 study points (ECTS) in mathematics/mathematics education that is required to teach mathematics in grades 5-10. Even though Martin enjoyed mathematics, his teaching practices cannot be seen as ambitious teaching practices [START_REF] Lampert | Using designed instructional activities to enable novices to manage ambitious mathematics teaching[END_REF] fundamental for supporting students' learning (e.g., [START_REF] Mcdonald | Core practices and pedagogies of teacher education: A call for a common language and collective activity[END_REF]. In the following, we first show some glimpses from a lesson where Martin teaches multiplication of fractions in grade 7, followed by his discussions with the mentor teacher in the post-lesson mentoring session. The selected episode was typical for Martin's lessons in his three weeks of field practice. The lesson lasted for 38 minutes (we only focus on the whole class teaching in the selected episode), whereas the mentoring session lasted for 13 minutes.

The case of Martin

After a brief repetition from the previous lesson, Martin introduces multiplication of fractions as the focus of this lesson. He writes

1 3 of 3 4 = 1 3 × 3 4
on the blackboard and emphasizes that we say "one third of three quarters" when we write an expression like this. "What this means," he continues, "is that we first have a fraction of one third and split it into three by using two horizontal lines." He draws a quadrilateral on the blackboard, partitions it and shades the top third part. He draws another quadrilateral, partitions it vertically into fourths and shades three of these (see Figure 1). He then draws a third quadrilateral and says, "If we now want to take a third of this, we partition it into three [draws two horizontal lines in the figure]. How much is one third now?" is the answer?" When the students are still hesitant, he quickly wipes everything out. "Let's take one more example," he continues.

In the next example, Martin writes 1 2 of 1 3 on the blackboard and draws two figures that he partitions and shades-this time by using colored crayons. The figures are of different sizes. "How much of this is both red and blue?" he asks. A girl presents 4 6 as an answer, whereupon Martin repeats, "That is both blue AND red?" When a boy provides the answer, 1 6 , Martin confirms. "We have one part that is both blue and red, meaning both fractions. There are six parts altogether, and then we get one sixth," he continues. Martin tries to point the students' attention to the procedural approach. "If I want to solve this expression [pointing at ." He writes it out on the blackboard, seemingly ignorant about the fact that he has just mixed numerators with denominators. "Do you think you can make it if you try the tasks for yourselves now?" He then turns to the blackboard again and emphasizes how important it is to remember that although we write

1 2 × 1 3
, we say one half of one third. "Important to remember," he says. "If we don't remember this, it will be very, very hard to solve the word problems!" Then he writes down 3 7 × 10 2 as another example. "How many of you know how to solve this one?" he asks. "The very operation," he continues, "forget about the figures!" After this introduction (14 minutes into the lesson) the students start working on similar tasks from their textbooks. When realizing that many students still have problems, Martin presents another example on the blackboard (after 18 minutes). Towards the end of the lesson, when summing up, he tells the students that he forgot to mention that the quadrilaterals (in Figure 1) are supposed to be equal in size.

Martin introduces the post-lesson mentoring session by saying that he can see what went wrong. When asked to elaborate, he points out that he should have used different colors from the beginning, and that he should have presented more examples before letting the students work individually on tasks. He continues to say that in his figures (e.g., Figure 1) he should have "mentioned that they [the quadrilaterals] were equally big". The mentor teacher supports this by saying: "When you don't show on the blackboard that they are equal, you cannot expect the students to understand it." In the next part of the mentoring session, they discuss what different students managed to do during the part of the lesson that involved individual work on textbook tasks. This part of the lesson is not the focus of attention in this paper. Towards the end of the mentoring session, the mentor teacher ends the discussion about the figures used to illustrate fraction multiplication by saying, "I think they [the quadrilaterals] would have worked out very well, as you are pointing out, if you had used colors. And if you had thought about making them equal in size, it would have worked out very well." Martin agrees, and adds that it is important to be careful about how you draw such figures.

Learning from the case of Martin

The case of Martin illustrates the core practice of "explaining and modeling content, practices, and strategies" [START_REF] Teachingworks | High-leverage practices[END_REF]. A simplified response to the presented episodes and vignettes could be that Martin does not carry out the core practice of explaining and modeling content, practices, and strategies well, and he needs more practice. Based on research indicating that pre-service teachers do not necessarily learn from their field practice [START_REF] Hammerness | Examining features of teacher education in Norway[END_REF], we believe there is more to it than this. Although Martin and his mentor teacher discuss his explanations and modeling of the content, they do not appear to get to the heart of the issue. [START_REF] Ball | The work of teaching and the challenge for teacher education[END_REF] suggest that certain mathematical tasks of teaching are embedded in these core practices (e.g., [START_REF] Ball | Content knowledge for teaching: What makes it special[END_REF][START_REF] Hoover | Common tasks of teaching as a resource for measuring professional content knowledge internationally[END_REF]. In our discussion of challenges and possibilities of implementing core practices, we identify four challenges and discuss the possibilities for highlighting some of the embedded mathematical tasks of teaching.

First, and most importantly, Martin is faced with the mathematical task of "recognizing what is involved in using a particular representation" (Ball et al., 2008, p. 400). In his attempt to use the area model to represent multiplication of fractions, Martin draws three quadrilaterals (Figure 1). The area model for multiplication of fractions requires use of one rectangle only as unit. Martin does, however, say that the third rectangle illustrates the two others "on top of each other", and he points at the first rectangle and pretends to drag it over the second rectangle. Still, this use of the model appears to confuse the students, and it would have been natural to focus on this mathematical task of teaching in a post-lesson mentoring session. In the given example one can draw three horizontal lines to show four equally large horizontal strips and then divide an area of three of these in three columns by drawing two vertical lines. Then there is still some work to do in order to understand that numerators can be multiplied as well as denominators. Martin tries to help the students develop this understanding by drawing two horizontal lines in the middle figure to illustrate how the four parts have now been divided into three and saying: "what we focus on, is that which has been shaded twice."

In the post-lesson mentoring session, Martin starts by stating that he can see what went wrong. He points out that he should have used different colors (instead of double shading) and that he should have presented more examples. He continues to say that he should have "mentioned that they [the rectangles] were equally big." The mentor teacher expresses his agreement. The area model requires use of one rectangle only as unit, but this is not discussed. "Recognizing what is involved in using a particular representation" (Ball et al., 2008, p. 400) is a mathematical task of teaching which might be fruitful in order to facilitate student teachers' learning to carry out the core practice of explaining and modeling content in teacher education. This mathematical task of teaching is, however, not discussed in the post-lesson mentoring session.

Second, and related to the first, Martin consistently reads the product as "

1 3 of 3 4
" indicating another model for multiplication of fractions than the area model: the multiplicative comparison model. In this model, one of the fractions is an operator, one is represented as a portion of the area of one rectangle, and the result is represented as another portion of the area of the same rectangle. In this case the rectangles might well be drawn separately, but Martin's comment that the two first rectangles in Figure 1 should be placed on "top of each other" to make the third indicates that he does not have this model in mind. This is also not discussed in the post-lesson mentoring session.

Third, and related to the mathematical task of selecting appropriate examples "to make a specific mathematical point" (Ball et al., 2008, p. 400), Martin could have selected more appropriate examples when presenting the students with the area model for multiplication of fractions. In using this area model, it is necessary to not only use simple fractions as one-third and three-fourth. One can clarify much better that numerators can be multiplied as well as denominators with say three-fifth of four-seventh. This illustrates an embedded mathematical task of teaching related to finding examples to make specific a certain mathematical point. In the post-lesson mentoring session, only the number of examples is discussed. For instance, they discuss that Martin should have presented more examples. Selection of examples, which has proven to be difficult for pre-service teachers [START_REF] Zodik | Characteristics of teachers' choice of examples in and for the mathematics classroom[END_REF], is not discussed. One way to meet this challenge of randomly generated examples, when careful choices should be made, is to exemplify and discuss carefully selected examples in mathematics teacher education Fourth, Martin is faced with the mathematical task of using correct mathematical language when presenting the mathematical idea of multiplication of fractions. On a couple of occasions, we observe that he mixes numerator with denominator. This might be regarded as a minor mistake of speaking mathematics, and we do not believe it is the most critical issue in the case of Martin. Correct use of mathematical language and notation is still important, however, and we suggest that this is a mathematical task of teaching that the mentor teacher could have discussed with Martin.

Martin is using a model for representing multiplication of fractions (Figure 1), but the students struggle to understand it. The high-leverage practice of eliciting and interpreting students' thinking [START_REF] Teachingworks | High-leverage practices[END_REF] focuses on teachers' practice related to posing questions or tasks that provoke or allow students to share their mathematical thinking in order to evaluate student understanding and guide instructional decisions. To do this effectively, a teacher needs to draw out a student's thinking through carefully selected questions and tasks and to consider and check alternative interpretations of the student's ideas and methods. Although Martin knows the mathematical content himself, he struggles to understand the problems faced by the students. This illustrates the importance of preservice teachers' mathematical knowledge in order to perceive and interpret students' work [START_REF] Stahnke | Teachers' perception, interpretation, and decision-making: a systematic review of empirical mathematics education research[END_REF]. In his communication with the students, Martin does not invite the students to engage in mathematical discussions and reasoning. Instead, the students are invited to give short and confirmative responses only. During the 14-minute whole-class introduction, as well as in the brief wrapping up of the lesson, the students were mostly invited to answer yes or no questions. Two examples of such questions are: "Did you understand that?" and "Do you think you can make it if you try the tasks for yourselves now?" Some questions are asked when the answer is already visible through the example presented on the board, like: "How much is one third now?" and "How much of this is both red and blue?" These questions invite students to answer by single words. Only once were the students invited to answer a how-question, and this question was related to how to carry out a routine procedure. Based on our analyses of how Martin invites the students to participate, we conclude that they are not invited to speak or reason mathematically. This kind of communication does not allow Martin to elicit students' thinking. We thus suggest that the core practice of eliciting and interpreting students' thinking is important to develop in teacher education.

Conclusion

Learning to successfully carry out high-leverage practices in mathematics teaching requires awareness about the underlying mathematical tasks of teaching involved [START_REF] Ball | Content knowledge for teaching: What makes it special[END_REF], and mathematics teaching is a professional practice that requires training [START_REF] Hoover | Common tasks of teaching as a resource for measuring professional content knowledge internationally[END_REF]. In this paper, we have used illustrative data from field practice in Norwegian mathematics teacher education as a starting point for our discussion. From this challenging case, we observe that neither the preservice mathematics teacher (Martin) nor his mentor teacher appear to be conscious about the mathematical tasks of teaching that are embedded in the high-leverage practices that have been analyzed and discussed in this paper-all of which are involved in the planning, conducting and reflecting on a lesson on multiplication of fractions.

What challenges and possibilities of implementing core practices and identifying underlying mathematical tasks of teaching mathematics in mathematics teacher education can be identified by analyzing Martin's lesson? In this lesson, the pre-service teacher was challenged to carry out the practice of "Explaining and modeling content, practices, and strategies" [START_REF] Teachingworks | High-leverage practices[END_REF]. Previous research indicates that strong teacher knowledge supports teachers in using representations to attach meaning to mathematical procedures (e.g., [START_REF] Charalambous | Mathematical knowledge for teaching and task unfolding: An exploratory study[END_REF]. Although he has completed all of his coursework in mathematics, Martin does not appear to be prepared to carry out this core practice. Martin is also challenged to elicit students' thinking [START_REF] Teachingworks | High-leverage practices[END_REF], but he does not seem prepared to carry out this core practice of teaching mathematics either, at least not in an ambitious way [START_REF] Lampert | Using designed instructional activities to enable novices to manage ambitious mathematics teaching[END_REF]. From these illustrative data, it appears that there is a lack of awareness about the underlying mathematical tasks of teaching, and the post-lesson mentoring session includes little discussion of these underlying mathematical tasks of teaching.

At least four lessons can be learned from the case of Martin. First, the task of recognizing what is involved in using a particular representation challenges teacher education to include detailed discussions of the area model for representing multiplication of fractions, highlighting the importance of using only one rectangle and how this model relates to numerators are multiplied as well as denominators. Second, selecting appropriate examples using carefully chosen numbers is important in order to clarify that numerators can be multiplied as well as denominators, and therefore important to discuss in teacher education. Third, Martin could have selected better examples when presenting the students with the area model for multiplication of fractions. Fourth, and finally, the case of Martin illustrates the mathematical task of presenting mathematical ideas using correct mathematical language. These mathematical tasks of teaching all seem related to the high-leverage practice of explaining and modeling content [START_REF] Teachingworks | High-leverage practices[END_REF].

Mathematics teacher education needs to focus more on preparing prospective teachers to carry out high-leverage practices. Discussions of the embedded mathematical tasks of teaching are then necessary. The vignettes and episodes discussed in this paper indicate that the "unnatural" and complicated work of teaching needs to be explicitly taught in teacher education. One way of approaching this is to practice carrying out the mathematical tasks of teaching on campus as well as in field practice. The national guidelines for current primary and lower secondary teacher education that are now being developed focus on core or high-leverage practices (Ministry of Education and Research, 2016). More research and development efforts are needed to ensure a high-leverage implementation of these ideas in teacher education.

Figure

  Figure 1. Martin's illustration of 𝟏 𝟑 × 𝟑 𝟒When the students struggle to respond, Martin points at one of the parts in the figure. "It is one of these. And then we only have a third of what is shaded-look at this one! Did you understand that?" Some students say no, whereas others shake their heads. Martin tries again: "What we can also do, is to say that we put the two fractions on top of each other." He points at the first figure, pretends to move it over to the second figure and draws two horizontal lines in the middle figure. "What we focus on," he continues, "is that which has been shaded twice." When noticing that the students still do not seem to understand, he writes the expression. "It is as simple as taking this one [pointing at the first numerator] times this one [pointing at the second numerator], and then we take the first denominator times the second denominator." While saying this, he writes it out on the blackboard. "Do you see

  blackboard], the operation, how do I do it?" A boy mumbles that you are supposed to multiply, and Martin continues, "We are going to multiply denominator by denominator [pointing at the numerators (!) in the expression], and numerator by numerator [pointing at the denominators (!)]
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