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The case of one middle school teacher's change in practice is examined through the lens of "shifting frames" from ritual to explorative instruction. These frames are collection of coherent mathematical as well as subjectifying (people-related) meta-rules. The teacher, who participated in a year-long PD program, started out in a ritual frame and gradually shifted to a more explorative frame. The shift was not uniform, and could be seen first in the subjectifying meta-rules, and only later (and very partially) in mathematical meta-rules of exploring objects. In addition, newly learned practices were partially distorted through the old ritual frame.

Theoretical background

I take as a starting point [START_REF] Sfard | Thinking as communicating[END_REF] view, that the gist of mathematical activity, both in the classroom and over history, is the construction and exploration of "mathematical objects." These discursive objects, like numbers, triangles, and functions are not existing objects in the physical world, yet the "metaphor of object" is used by any skilled mathematician to talk about them as though they were indeed such physical objects. Mathematical objects can have many realizations, or physical symbolic representations. A function, for instance, can be represented as a graph, a table, an algebraic expression or a verbal statement. In the process of learning, according to Sfard, students come to see all these realizations as signifying one object. Once they do that, they start talking about it as an object existing of itself, a process termed "objectification." Within this view, Sfard and Lavie (2005) theorize the process of mathematical learning as moving from a ritual, peripheral phase, where activity is first and foremost aimed at pleasing the experts of the discourse (e.g. the teacher), to an explorative phase where new mathematical narratives are produced by oneself for the sake of the activity itself. In contrast to explorative participation, the focus of ritual participation is activity itself, not the mathematical narrative produced by it. Ritual participation is often characterized by syntactic mediation, where instead of using mathematical signs as signifiers of objects, these signs are manipulated according to prescribed (often memorized) rules.

Ritual and explorative participation are governed by certain meta-rules or "patterns in the activity of the discursants" (Sfard, 2008, p. 201). These rules can be divided into mathematical meta-rules, which dictate how mathematical narratives are to be derived from each other (for example, by proof or by computation) and subjectifying meta-rules which govern the actions of people (e.g. asking questions, giving directions, talking with each other). To capture the fact that meta-rules have a certain structure and coherence, Heyd-Metzuyanim, Munter & Greeno (in review) suggested the term "frames", borrowed from socio-linguistic and socio-cognitive research to describe "a set of expectations an individual has about the situation in which she finds herself that affect what she notices and how she thinks to act" (Hammer, Elby, Scherr, & Redish, 2005, p. 9). Accordingly, they defined "frames" in mathematical classrooms as a set of meta-rules, both mathematical and social, which includes appropriate questions, answers, justifications and other discursive actions in a situation of solving a mathematical problem or performing a mathematical task. Whereas frames of explorations would be sets of meta-rules that cohere around the goal of producing mathematical narratives based on logical justifications, ritual frames would be more aligned with goals such as performing a procedure accurately according to a prescribed set of steps, and adhering to external authority.

Method

The case of Mr. M is taken from a larger study, where we followed 7 teachers and 5 teacher leaders throughout 8 months of professional development (PD) during 2014 -2015. The PD was led by Margaret Smith and Victoria Bill from the University of Pittsburgh. It centered on [START_REF] Smith | 5 Practices for Orchestrating Productive Mathematics Discussions[END_REF] "5 Practices for Orchestrating Productive Mathematics Discussions" and on Accountable Talk™ (see http://ifl.pitt.edu/index.php/educator_resources/accountable_talk). Teachers were supported via four full-day PD sessions and in-school individual coaching sessions.

Mr. M was chosen for closer inspection because he showed a steady growth in the "implementation" score of the Instructional Quality Assessment tool [START_REF] Boston | Assessing Instructional Quality in Mathematics[END_REF], used in the larger study [START_REF] Heyd-Metzuyanim | Change in teachers' practices towards explorative instruction[END_REF] to score lessons for cognitive demand. Mr. M's lesson 1 scored a 1, lesson 2: 2, lesson 3 & 4: 3 (where 4 is highest). Though his lessons never achieved the highest level of cognitive demand, in the last two lessons cognitive demand was partially preserved.

Data collection included four cycles (September, December, February and May), each containing: 1. Pre-lesson and post-lesson interviews with the teacher; 2. Lesson recording and students' worksheets. Frames of mathematical instruction were searched in four data categories:

(1) The potential of the task to engage students with different realizations of mathematical objects and with mathematical meta-rules of justification and generalizations. (2) Teacher's plans as collected from the pre-lesson interviews, as well as his post-lesson reflections. In these we looked for evidence of mathematical and subjectifying aspects of explorative frames. (3) Students' work: evidence of engagement with different realizations of objects and with connecting between them. Evidence for justifications and explanations based on mathematical logic. (4) Whole-classroom discussions: evidence for ritual vs. explorative meta-rules. Is there only talk about routines for manipulating symbols detached from their meaning, or are the symbols also related to mathematical objects?

Findings

During the first, introductory interview, Mr. M declared himself to be aligned with what may seem to be explorative instruction. Describing quality instruction, he said: … where groups get together in giving a situation in which they come up with strategies on their own, as opposed to a teacher standing up in front of the room and just saying "okay, this is how you do this, this is how you do this, now just take this problem and solve it". So … I keep trying to look for my own stuff that I'm doing, so I would look to see that in other peoples.

Notably, in remarking that such instruction was "my own stuff that I'm doing", Mr. M attested for practicing quality instruction. To this, he added: one of my philosophies (is that) there's never, ever, only one way to solve a problem, that there's many different strategies and many different pathways you can take to find different problems … Mr. M also described his challenges in encouraging students to take on agency and not rely ritually on his guidance.

I would say a majority of the students I've worked with over the last 7, 8 years pretty much when they were on a challenging problem, their first shot is to ask me to give them help and guidance along the way. I used to do that more often, …, so I tried to step back away from that for a moment, getting to know the kids a little bit better helps me understand those that are just being lazy and those that truly don't know it. Thus, in his introductory interviews, Mr. M seemed to be well aligned with "reform" mathematical pedagogy, especially with regard to letting students struggle and encouraging them to look for "different strategies" for solving problems.

Lesson 1

Despite these declarations, the first lesson revealed Mr. M's actual practices were not well aligned with the explorative frame. For the main task of the lesson, Mr. M chose the task seen in Figure 1: The task was part of a module that introduced irrational numbers through the Pythagorean Theorem. The EngageNY 1 teacher guide encourages explicitly to present the task only after students had become familiar with this Theorem. The task was taken verbatim from the module, which assumed this previous experience, thus including the "use what you know" phrase. However, Mr. M. was well aware of the fact that his students were probably not familiar with the Pythagorean Theorem. In the pre-conference of the lesson he said:

1 See https://www.engageny.org/resource/grade-8-mathematics-module-7

The triangle below is an isosceles triangle.

Use what you know about the Pythagorean Theorem to determine the approximate length of the isosceles triangle (EngageNY, Module 8.7)

Thematic Working Group 18

The first challenge that I'm expecting is that we've not introduced Pythagorean Theorem at all last year. …. Um, I'd like to hear where their conversation goes and what they're focusing on -… when they're trying to find an opposite base, … given the a 2 +b 2 =c 2 idea, do they put the numbers in the right placedo they remember the square numbers, do they remember to take the square roots of numbers to get themselves back to what thethe single variable would be? … So I'm looking to seewhat kind of challenges working with square roots and squares creates.

Though Mr. M was anticipating "challenges" in working with the problem (aligned with the PD encouraging letting students struggle), the way he talked about students coping with these challenges was through "remembering". Thus, meta-rules belonging to the explorative frame (student agency) were distorted through the ritual frame into meta-rules of fact-retrieval, and memorizing procedures.

During the lesson, the launch of the task proceeded as follows: 90. T Okay, so when we take a look at this (pointing to a right triangle on the board, the sides of which are labeled 'a', 'b,' and 'c') I'm going to give you a little bit of a formula. And it may help you today in doing some of your work (writes a 2 +b 2 =c 2 on the board) ... Who can read this out loud for me, please? 91.-95. Three students are prompted to read the formula "in different ways". One reads "a two plus b two equals c two". The second "a to the second power, b to the second power, and b to the second power", the third "a squared plus b squared equals c squared" 96. T You see, all three of those ways that they said say the exact same thing. … So when we're looking at this, can you now start to see that knowing two of the three sides will allow me to figure out the third side? … I'm gonna have you work in groups today to see if you can't use …any knowledge that you have plus anything that you've seen today. Alright?

The subjectifying meta-rules enacted in this excerpt bore resemblance to explorative frames. Students were asked to provide "different ways" of saying the "exact same thing", and were directed to "figure out" and "work in groups" to "use any information" they have to solve the problem. Yet the mathematical meta-rules, that is, the ways to derive one mathematical narrative from another, were obscure at best. a 2 +b 2 =c 2 was written on the board, detached from the right triangle, with no indication of a 2 , b 2 , and c 2 signifying the geometrical squares adjacent to the triangles sides. By that, Mr. M was treating the a 2 +b 2 =c 2 Pythagorean Theorem syntactically, as a series of signifiers, detached from their meaning as signifying geometrical objects.

Not surprisingly, since students had no access to the meaning of the Pythagorean Theorem mediated by geometrical objects, they struggled over where to place the a, b, and c labels given by the formula, on the newly presented triangle. After some leading questions from Mr. M. students concluded they should label the base of the triangle as 'C' or 'C 2 '. They subtracted 9 2 -7 2 =32, but then were unsure as to what to do with that result. Some students thought it should simply be divided between the two halves of the base, labeling the whole base as '32' and halves of it with '16'. Others simply labeled the whole base as '16' or went another step and labeled the halves with '8'. Only 3 or 4 students, out of 24, figured out that the 32 should be square-rooted and multiplied by 2. However, even they did not label the triangle's base with the resulting number 11.4 (or estimated 12). The mathematical metarules governing the classroom activity were thus primarily ritual. They could be summarized as "apply a set of symbols, somehow related to a right-triangle, to a new triangle".

It was not that Mr. M was intending students to apply the 'a','b', and 'c' symbols randomly. He did have a certain type of reasoning he was looking for. After having asked a student to come to the board and present her solution, and while the student was labeling the triangle sides, he said: 289. T Yeah, please notice -… if we looked at that formula -A squared plus B squared equals C squared, and then I asked this question of some of you: Does it make a difference where C is? …( Student answers C has to be bigger than A and B) 291. T So if it's bigger than all the other ones, then the question becomes where does the C have to go -which side? 292. Student On the longest side.

T

The longest side. Now the one misconception I saw that I didn't expect was that some of you thought that this (the base) was the longest side, the whole way across. Just be careful about that, you're focusing on just one of those two triangles, okay?

The meta-rules of the activity, as gleaned from Mr. M's words were thus "figure out where the C is according to it being bigger than a + b. Then figure out the longest side and label it as C". However, this was detached from the physical meaning of the Pythagorean Theorem. In relation to the confusion or "misconception" the students had, regarding where to place the C, Mr. M did not have much advice besides "be careful about that" [293]. There was no other indication why they should be focusing on one of the right triangles, and not the whole triangle.

In the post conference, Mr. M seemed reasonably content with the results of the activity. He explained that since students were unfamiliar with the Pythagorean Theorem, he expected them to struggle, but that that wasn't the focus of the lesson. Rather the focus was discussing imperfect squares, to which they got at the end of the discussion, when one student said 32 should be rooted and Mr. M led students to estimate the root between 5 and 6. Yet having detached the geometric, physical realization of the Pythagorean Theorem from its algebraic formula, the rationale behind the existence of imperfect squares had no way of being foregrounded. The fact that Mr. M was not concerned with students struggling considerably with something that was not "the focus of the lesson", indicates that through his frame, the whole process of working in groups and discussing solutions was not a central measure for achieving the mathematical goal of the lesson. Rather, it was a sort of a "side effect", performed for the sake of the lesson recording or for students to practice working in groups.

I now move to a similar examination of the last lesson. A description of the two middle lessons is out of the scope of this paper. However, evidence for movement from a ritual frame to a more explorative frame were starting to show during the 3rd lesson, where Mr M received, together with the rest of the teachers of the PD, a high-level task selected by the PD leaders and directed explicitly on the different solution paths that should be sought in the lesson. Lesson no. 4 seems to have reaped the benefits of this process, though as we shall see, the shift between frames was still very fragile.

Lesson 4

The first indicator that Mr. M's practice was starting to align with an explorative frame could be seen in his choice of a task. This task involved modeling of real-life processes with a quadratic equation. Following is the task as presented on the worksheet (taken from EngageNY, Algebra 1):

The baseball team pitcher was asked to participate in a demonstration for his math class. He took a baseball to the edge of the roof of the school building and threw it up into the air at a slight angle so that the ball eventually fell all the way to the ground. The class determined that the motion of the ball from the time it was thrown could be modeled closely by the function: h(t) = -16t 2 + 64t + 80, where h(t) represents the height of the ball in feet after t seconds.

Students were then asked to find the behavior of the function (maximum, minimum, vertex), to graph it and to indicate how many minutes passed until the ball fell to the ground and what was the meaning of h(0). The task thus had ample potential for using different realizations for a mathematical objectnamely the quadratic formula.

The next indication for Mr. M's movement between frames was his talk about expectations for students' work during the pre-lesson interview. This is how he presented the choice for the task:

I've been working on questions … like "how do you know that that's where your graph crosses the X axis?" So more than justwhat is that value, how do you know what it is. How did figure it out. Um, why does your graph continue past zero? In the context of the problem, what does that mean? … And try to gain some understanding of their understanding.

Instead of "remembering", Mr. M now talked about students' "understanding". He was also working hard on preparing questions that would assess students' understanding, a skill specifically taught in the PD sessions.

Examination of students' worksheets showed that most students performed the calculations involved in the problem correctly. 4 out of the 27 students wrote that h(0) indicated the height in which the ball was thrown was 80 feet, and 3 more related h(0) to the initial stage, before the ball was thrown in the air. Other students, however, either left this question blank, or stated that h(0) means "the ball is on the ground" indicating incongruence between the physical situation and the graphical realization. Thus, in contrast to the first lesson, there was evidence that a small part of the classroom was able to flexibly move between different realizations of the quadratic function.

During the whole classroom discussion, students' explanation on the board were mostly concentrated on the calculations involved in the problem. Mr. M encouraged this by calling on students to present "different ways to solve the problem" which referred to factoring by dividing the expression by 16 or by 8. He also referred to finding the value of h(0) by substituting t=0 or by just "looking" at the last term in the equation, as two different ways to find h(0). Yet these two "ways" were, in fact, both tending to the algebraic realization and could be considered as "different" only when looking at the function's expression syntactically. There was no mentioning in the whole classroom discussion of the graphical realization of the function or the physical "real life" story modeled by it. It was thus still mostly characterized by meta-rules of carrying out prescribed procedures using syntactic mediation, rather than meta-rules of exploring mathematical objects. However, some slight changes could be observed. One of the students who talked in the whole classroom discussion did, even if very briefly, mention the physical "real life" situation that the function was modelling. He talked about the ball ("the ball hasn't been thrown yet") and hinted at the height of the roof in "throw the ball at 80". Also, there was brief mentioning of the physical realization when Mr. M elicited from one student that the maximum was at "2 minutes".

In terms of social meta-rules, there were many more prompts for students to "restate" what other students have done. Mr. M made every effort to use this talk move, taught in the PD, albeit somewhat inflexibly, whenever a student made a mathematical statement he deemed as important.

Discussion

In this paper, I have used the concept of "framing" to examine subtle changes in one teacher's practice over a period of one school year, through which the teacher was receiving support both through PD sessions and through in-school coaching. These changes, including the different aspects of frames, are summarized in table 1. As can be seen from Table 1, the shift from ritual to explorative frames in Mr. M's case was not uniform. The shift occurred first in the social meta-rules and only later in mathematical meta-rules. Also, both shifts seemed to occur first at the level of declarations and only later in practice. Thus, talk about social meta-rules aligned with explorative participation was evident already in the first interview, but enacted mostly in the last lesson. Talk about expectations for explorative mathematical meta-rules was evident in the last lesson pre-conference interviews, and only very slightly evident in the enactment of the lesson. This finding corroborates earlier findings showing that teachers are quicker to adopt declarations about explorative instruction than they are to enact it (Cohen, 2001) as well as our previous findings regarding social meta-rules of teachers trying to enact "dialogic" or "reform" instruction being more aligned with explorative instruction than mathematical meta-rules (Heyd-Metzuyanim et al., in review). Most importantly, the findings reveal that teachers' learning of new practices is not a matter of acquiring new practices on a "tabula rasa" of non-existing former practices. Rather, at first, new practices are seen through the old frame. As such, they gain unpredictable "twists", such as perceiving different syntactic procedures as "different solutions" sought after, or encouraging students to restate unimportant mathematical ideas.

Figure 1 -

 1 Figure 1 -Pythagorean Task given in lesson no. 1

Table 1 -Social and Mathematical aspects of frames in two lessons

 1 Teacher seeks students "understanding", not just rule following. A small portion of students' work indicates connections between multiple realizations of the quadratic function. Still ritual meta-rules in teacher's discourse still dominate instruction.

		Social (subjectifying) meta-rules Mathematical meta-rules
	Lesson	Beginnings of explorative social	Ritual: Meta-rules only have to do with recalling
	1	meta-rules through teacher's	facts and procedures from memory. Mathematical
		declarations (students expected to	signifiers are detached from the object they are
		persevere, work together). In	representing. Students' work indicates syntactic
		practice, most of the talking is	mediation with no connection to geometrical
		done by the teacher.	realizations.
	Lesson	Explorative social meta-rules	Beginnings of explorative mathematical meta-
	4	are more dominant. Students	rules:
		are asked to restate each other's	
		ideas. Two students explain their	
		thinking to the whole class.	
		Evidence that some student listen	
		to each other.	
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