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We examine the productiveness of discussions in a professional development (PD) towards explorative mathematics instruction (EMI). The artifacts used in the PD session under examination were a video-clip of a classroom discussion, together with the Quadrants coding scheme, a scheme originally developed for research purposes. We define productive discussions by relying on the linguistic tool of lexical chains that point to lexical cohesion. The analysis shows that the use of the coding scheme as an artifact, together with a video clip, offered increased opportunities for surfacing misalignments between the teachers' framing of learning and instruction and the PD leader's framing of it. These misaligned frames, which draw on the Acquisition Pedagogical Discourse, vs. Explorations Pedagogical Discourse, are usually difficult to surface.

Introduction and theoretical background

For the past three decades, calls for more reform, student-centered, instruction, are voiced in mathematics education [START_REF] Gregg | The tensions and contradictions of the school mathematics tradition[END_REF]. We adopt the Commognitive framework, and define such instruction as explorative mathematics instruction (EMI), teaching that provides students opportunities for explorative participation [START_REF] Heyd-Metzuyanim | Opportunities for learning given to prospective mathematics teachers: between ritual and explorative instruction[END_REF]. Efforts to help teachers adopt explorative teaching practices are widespread, mainly through professional development (PD) [START_REF] Sztajn | Research in Mathematics Professional Development[END_REF]), yet the processes of learning these practices have not yet been sufficiently explicated and theorized.

Whereas teachers who teach in a teacher-centered approach rely on an Acquisition Discourse, those who promote student-centered instruction rely on an Explorations Discourse. Our use of Discourse (with a capital D) here comes to signify the historical, social and institutionalized nature of these pedagogical Discourses, which are not just a matter of how teachers and teacher-educators talk, they exist in documents, regulations and curricula. One of the best examples of the Explorations Discourse can be found in "reform" documents such as the NCTM (2000). The Acquisition Discourse does not have such institutional documents as exemplary instantiations, yet it is the common Discourse that is often seen in classrooms worldwide [START_REF] Nachlieli | Ritual-enabling opportunities-to-learn in mathematics classrooms[END_REF]. In documents, it can often be found as the anti-thesis of actions valued by the Explorations Discourse (for example, by stating that teachers should not be using their time in the classroom for 'drill and practice' or that students' ideas are those that need to be heard, not teachers') [START_REF] Heyd-Metzuyanim | Narratives of 'good' instruction: teachers' identities as drawing on exploration vs. acquisition pedagogical discourses[END_REF]. Pedagogical discourse (with a small d)that discourse which includes teachers' talk (inter or intra-personal) about how, what and whom to teach, draws upon the pedagogical Discourses, often in a multi-voiced combination of Explorations and Acquisition Discourses. There is never a teacher (or teacher educator) that talks "purely" in one of these Discourses, but PD leaders or teacher educators that try to move teachers towards more explorative instruction often draw more on the Explorations Discourse, whereas teachers who are initial participants in such PDs often draw more on the Acquisition Discourse.

Acquisition Discourse rests on the assumptions that learning mathematics entails acquiring a certain set of facts and skills, where the role of the teacher is to "dispense" this knowledge, and the role of the student is to "acquire" it. Accordingly, teachers relying on an Acquisition Discourse value the demonstration (by the teacher) and the execution (by the student) of precise procedures. Different realizations of mathematical objects [START_REF] Sfard | Thinking as communicating[END_REF], as well as different procedures for solving similar problems are less valued since they are not necessarily efficient and since they can be a source of "confusion" for the students. In contrast, Exploration Discourse frames learning as a form of participation in a community, where mathematical objects are explored and narratives about them are authored by students, facilitated by the more experienced participant, namely the teacher. Teachers relying on the Explorations Discourse value the presentation of different realizations of mathematical objects, and the authoring of narratives by students, even if those are not yet articulated precisely according to the rules of the mathematical community [START_REF] Heyd-Metzuyanim | Narratives of 'good' instruction: teachers' identities as drawing on exploration vs. acquisition pedagogical discourses[END_REF].

Previous studies have shown that shifting from Acquisition towards Explorations pedagogical Discourse is a difficult and complex process (Heyd-Metzuyanim, [START_REF] Heyd-Metzuyanim | From ritual to explorative participation in discourse-rich instructional practices: a case study of teacher learning through professional development[END_REF]. It has also been shown that this process involves misaligned frames (Heyd-Metzuyanim, Munter, & Greeno, 2018a). Frames are those parts of the pedagogical discourse that relate to interpretations. They are usually tacit, and take form in what people notice, accentuate and foreground. In relations to these frames of classroom instruction, Heyd-Metzuyanim et al. (2018a) differentiated between the subjectifying aspects of frames, namely, those interpretations relating to who speaks in the classroom, and the mathematizing aspects of frames: what mathematical objects and routines are talked about. In their study of a US teacher participating in a PD intended to promote EMI, Heyd-Metzuyanim et al. (2018a) noticed that the teacher was well aligned with her PD coach in relation to the subjectifying aspects of framing the envisioned lesson that they were planning together: they both valued students' discussion, group work and agency. Yet with relation to the mathematizing aspects of the frame, they differed. While the PD coach aimed to expose students to different realizations of the mathematical object at the focus of the lesson, the teacher was focused only on the execution of specific procedures. This misalignment went unnoticed during the coaching session, yet led to the failure of the lesson planned together by the two parties. This case highlighted the need to study what factors can contribute to more productive discussions in a PD setting, which can surface misalignments and provide opportunities for teachers to engage with more implicit aspects of the Exploration pedagogical discourse.

Productive discussions in PD settings have been the focus of increasing numbers of studies (e.g. [START_REF] Borko | Video as a tool for fostering productive discussions in mathematics professional development[END_REF]. Many have pointed to the usefulness of video to increase the productiveness of teachers' conversations as well as the utility of observation-assisting artifacts such as protocols and scoring rubrics to fix teachers' attention on important aspects of instruction [START_REF] Borko | Video as a tool for fostering productive discussions in mathematics professional development[END_REF][START_REF] Schoenfeld | Uses of video in understanding and improving mathematical thinking and teaching[END_REF]. Yet studies examining the usefulness of video and observational artifacts rarely explicate what "productive discussions" actually means. In our specific context of promoting EMI, our assumption is that teachers in the PD setting start out by mostly drawing on Acquisition Discourse whereas the PD leader draws mostly on the Explorations Discourse. This may lead to tacit differing interpretations (frames) that go unnoticed since the participants (teacher and leader) assume they are talking about the same thing while in fact they are framing teaching-learning interactions differently, in accordance with the differing Discourses on which these frames draw. Thus, a productive discussion, in the context of these sessions, would be a discussion that surfaces misalignment between Acquisition frames of teachers vs. Exploration frames of the PD leader.

We turn to the notions of lexical cohesion [START_REF] Halliday | Cohesion in English[END_REF] and lexical chains [START_REF] Morris | Lexical cohesion computed by thesaural relations as an indicator of the structure of text[END_REF] to conceptualize productiveness of discussion for our purpose. Cohesion is a semantic term that refers to the meanings that exist within the text [START_REF] Halliday | Cohesion in English[END_REF]. Cohesion occurs where the interpretation of some element in the text is dependent on that of another. As argued by [START_REF] Morris | Lexical cohesion computed by thesaural relations as an indicator of the structure of text[END_REF], lexical chains help determine coherence and discourse structure, and hence the larger meaning of the text. We adopt the idea here to study the cohesion of the text that was produced by the teachers and instructors during the discussions in the PD and thus to learn about the productivity of the pedagogical discourse by visually showing the topics discussed and followed and the specific words chosen by different participants. Our research goal is thus to characterize productive discourse processes that promote pedagogical discourse of explorations by examining discourse cohesion and its relation to the surfacing of misaligned frames.

Method

The study took place in the context of the TEAMS PD program (Teaching Exploratively for All Mathematics Students), a program that included 16 4-hours sessions over two years (2016)(2017). The PD introduces teachers to the 5 Practices for Orchestrating Mathematics Discussions [START_REF] Smith | 5 Practices for Orchestrating Productive Mathematics Discussions[END_REF] as well as to Accountable Talk™ tools [START_REF] Heyd-Metzuyanim | From ritual to explorative participation in discourse-rich instructional practices: a case study of teacher learning through professional development[END_REF]. Teachers participating in this program were relatively experienced (ranging from 15-31 years of teaching). 14 of the teachers taught in middle-school and 2 taught in elementary school. 9 teachers continued from the 1 st to the 2 nd year. At the end of the first year, we analyzed the first year data using the Quadrants coding scheme (QCS) [START_REF] Stein | Using Theory and Measurement to Sharpen Conceptualizations of Mathematics Teaching in the Common Core Era[END_REF]. The analyzed data included 3-4 videorecorded lessons of each of the participating teachers. Our analysis revealed that teachers were adopting explorative instructional practices to varying extents. In particular, our findings showed that teachers had trouble to maintain Explicit Attention to Concepts (EAC) whenever they raised Students Opportunities to Struggle (SOS). Through the process of analyzing teachers' videos according to the QCS, we came to the realization that such a process may be beneficial for the teachers as well. Therefore, we chose to open the second year of the PD with introducing the QCS and the findings of our analysis.

For the current study, we watched and partially transcribed all 16 PD sessions. Partial transcriptions were intended to capture the activities of the session, as well as important conversations and themes. Based on these partial transcriptions, we focused on the first session of the 2 nd year since it was a pivotal session in several aspects. First, it was where we made our first use of the QCS [START_REF] Stein | Using Theory and Measurement to Sharpen Conceptualizations of Mathematics Teaching in the Common Core Era[END_REF] together with video, in attempt to assist teachers to better grasp our vision of EMI. We thus chose to present two rubrics (EAC and SOS) to the teachers, together with a de-identified video of one lesson which we thought was particularly rich in opportunities for EMI. The rubrics each include 4 or 5 levels with 1 being lowest. Presentation of the full rubrics is beyond the scope of this report but the relevant parts for the reported discussion will be detailed in the findings section.

Viewing this session at the end of the year, after all sessions were observed and partially transcribed, revealed that this indeed was a session where intense pedagogical reasoning occurred, yet only in specific episodes. To better understand these occurrences and the discursive processes underlying them, we fully transcribed the session, after which we chose two clips from the discussion. These clips were similar in that they both referred to the QCS (in particular, to the EAC rubric) as well as included some "example" of instruction to talk about, yet different in that one of them was before the video was shown and the other after it. This offered us an opportunity to examine more closely the role of the video, together with the QCS, in the rising level of productiveness of the talk.

Findings

The session that we chose to focus on began with Talli (2nd author and leader of the PD) presenting to the teachers the results of the 1 st year video analysis, in order to launch the main focus of the 2nd year PD plan: to work with teachers on how to preserve conceptual depth while letting students author mathematical narratives and struggle with problems on their own. Talli then presented the teachers two rubrics from the QCS: the EAC and SOS rubrics. Teachers were asked to read the rubrics in groups, discuss them, and were then called for a whole-group discussion. She opened by stating that there are no simple criteria for determining if the EAC level is 4, 3, 2 or 1 and that there could be "significant arguments" around them, but that those arguments are important because "they help us notice nuances".

The discussion started in rather unproductive ways. One teacher, Rony, was asked, based on her former experience with coding videos according to the Quadrants scheme, to give an example of a "level 4" of EAC. She tried doing so, yet other teachers related more to the specificities of her example and her choice of concept words, than to levels of the EAC rubric. The lexical chain analysis performed on this episode revealed that the EAC lexical chain died off right after Rony's description of her envisioned lesson and was not picked up by other teachers. Talli cut off this discussion quite promptly, as she was sensing the teachers were not relating to the subject that she considered to be the goal of the discussion. Einat (1 st author) tried giving examples of lessons that were coded as '4' vs. lessons that were coded as '3', yet these were not very productive in eliciting lexical chains focused on elements from the EAC rubric either.

Following that, Talli announced that they will be seeing a 16-minute video-clip of an 8 th grade classroom discussion around a ratio problem. She first gave out the task so that teachers got an opportunity to solve and discuss it shortly before viewing the video. The task read as follows:

Dafna prepared a necklace of blue and red beads. Two fifths of Dafna's necklace were blue and the rest were red. Draw four different possible necklaces.

Following the viewing of the clip, Talli opened the discussion:

Talli

Let's start with the attention to concepts 2.2 Valerie I did not see here much attention to concepts, by the way… attention to concepts… there wasn't much. I hardly wrote any concepts here (on her "scoring" worksheet).

Talli

Which concepts? 2.4 Lena But attention to concepts needs to be at the beginning of the lesson? Already? They just started… 2.5 Veronica But we didn't watch the end of the lesson, when the teacher summarizes all the things that appear on the board. …She called to the board all sorts of student groups so that they show what they-…. And she wanted actually, on the board, to show all sorts of ways, all sorts of different answers, so that other kids from the different groups see what others were thinking. I think that what we are not seeing is the end (made by) the teacher, that should be at the end of the lesson, after all the answers are shown on the board. We see the discourse in this excerpt as productive, since all speakers repeatedly relate to the same lexical chain, that of EAC (underlined). We also see all teachers relating repeatedly to the videoclip (in wavy underline), referring to actions observed in it. This shows us the productiveness of the video as a tool for supporting the cohesion of the talk, as well as for focusing the teachers on EAC. The lexical chain of EAC remained active for 17 turns. Within it, some teachers objected to Valerie's assertion that there was not much attention to concepts. For example:

3.1 Yafit I think that actually there is attention to concepts because, as someone says the answer, she repeats things, and then she asks them "do you agree? Disagree?" It's a type of, it's also a type of explication of a concept. Or clarification. Attention to concept does not have to be writing the concept on the board. Also, along the way they said, someone there said the word ratio, (quoting the teacher) "oh, you talked about ratio, what did you mean?" And then he, like, so I think it's also a type of attention to concepts. As the discussion continued, some ideas for concepts that would have justified a higher scoring of the EAC rubric started being voiced by the teachers. These included "ratio", "expansion", "part whole relationship" and "correspondence". Talli revoiced and summarized these ideas, and then she tried eliciting other ideas. She asked 3.2 Talli What else do you have to say about the… what we saw here? What other concepts she-, what did the teacher do with these concepts? Talli's intention here was to stir the conversation to several mathematical ideas that she thought were prominent in the clip, yet none of the teachers seemed to notice them. In particular, she was frustrated by the teachers' lack of appreciation of the students' ideas, and most importantly one idea which related to the routine of dividing the blue beads to two, finding out the basic unit, then multiplying it by 3. The teachers only noticed the routine (employed by the first two students in the clip) of expansion: multiplying both sides of the ratio by a constant number. Despite her questions, the teachers only repeated the concept names (expansion, part-whole) raised before. As Talli was ready to give up and stir the conversation to the issue of scoring the clip, Valerie said:

3.3 Valerie The fifth, also 3.4 Talli

The fifth, what? 3.5 Valerie I don't know, the fifth disturbs me here

Talli

In what way does it disturb you?

Valerie

Because a fifth of what? Of the blues? The reds? Which fifth (is it) here? 3.8 Naomi

The fifth of the group (Yafit: The fifth as a part, a part) 3.9 Valerie But it's a split group. The group is split. Which fifth are (they) talking (about)? The 1 out of 5 blues? Of the reds? Now, a lively discussion revolved with multiple lexical chain entries, focused on the "fifth". Veronica stated it was "once two fifth, once three fifths", adding that "it's dividing by two or dividing by three. It depends what they want the fifth (for)". One teacher, Lena, got confused by all this discussion of finding "fifths". She said 4.1 Lena But we already know how many reds and how many blue there are. For Talli, this was a good opportunity to highlight one of the student routines she saw as most significant in the video clip:

4.2 Talli

No, but, one student came and said another idea. She said, listen, "you want to create more necklaces? If you tell me how many blue (beads) there are, I will already tell you how many reds there are … I will take the blues, I'll divide them by two because … all the blues are two fifth, I will find this one part. The other part I will multiply by three, to find the red (ones)". That's the fifth. That's the idea of the fifth 4.3 Lena Oh, OK. So that's a different division.

Lena's short exclamation is an important indicator of the productiveness of this exchange, where the lexical chain around the "fifth" was prominent, along with the lexical chain reporting on students' speech in the video. Although there are good reasons to believe most of the teachers did not see the importance of the students' routines of division in search of a "unit", Lena's exclamations showed it most clearly. Her first request for clarification [4.1] made use of the "how many" quantification word. It is therefore highly probable that she was only seeing the routine of multiplying the two sides of the ratio (as this routine relates to natural numbers, 2 and 3, multiplied by a coefficient of expansion). In addition, her use of "we" in 4.1 for objecting on what "we already know", indicates she was not making any differentiation between her own mathematical reasoning and the students' mathematical reasoning. In contrast, when she used the word "division" after Talli's explanation [4.3], Lena was probably already seeing the routine of dividing into fifth and using the fifth as a unit (since only with relation to this routine, the word "division" makes sense). Also, Lena's use of "that" indicates that she was now differentiating between her own mathematical reasoning and that of the revoiced student. This change may have resulted from Talli's repeated reference to the voice of the student (seen in the I pronouns of the video actions lexical chain).

Misalignment of frames

The productiveness of talk, which rose considerably once the video and coding scheme were introduced to the discussion, made certain misalignments between Talli and the teachers more apparent. Interestingly, Talli was able to pick up in real time only on the mathematical aspects. The subjectifying aspects remained hidden until the analysis was performed.

The misalignment of the mathematical aspects of frames was most noticeable in the discussion of the "fifth" and in what the teachers saw as important mathematical narratives versus what Talli saw as important. Talli interpreted the video clip as containing rich stems for discussion of the ratio object, including visual realizations of 2 different "necklaces", the fractions 2/5 and 3/5, the signifiers 2:3 and some verbal statements describing routines for calculating the ratio. She therefore thought the clip should be scored as a 3, where, according to the EAC rubric One or more concepts are discussed and/or defined in some detail. This entails explicit noting of the concept in a whole-class setting. Explanation and/or elaboration of critical features of the concept may be incomplete, and connections to the larger web of mathematical ideas … are notably present, but weak (EAC rubric level 3, the Quadrants coding scheme).

In contrast, the teachers hardly saw any "concepts" in the clip. It seems that for them, "concepts" meant keywords on the board, together with explicit explanations made by the teacher. They were not searching for stems of different realizations of the ratio object. Talli therefore insisted on eliciting more ideas about "concepts", until finally the "fifth" was raised by Veronica [3.3].

The misalignment of frames in the subjectifying aspect was more nuanced. It appears only when one looks closely at the pronouns relating to the performer of actions (bolded) in the lexical chains referring to the video (wavy-underlined). While Talli talked about routines that surfaced in the discussion, focusing mainly on those narratives authored by the students, the teachers almost solely focused on the teacher. Veronica [2.5] as well as Yafit [3.1], even while "defending" the lesson as containing more attention to concepts than Valerie claimed, still based their justifications on the actions of the teacher ("She wanted to show", "she repeats (what the students has said)", "she asked"). This focus on the teachers' actions, both for evaluating what did happen and what did not happen in the lesson in terms of EAC, was prevalent in most of the teachers' talk.

Discussion and Conclusions

This paper's goal was to characterize productive discussions in PD settings that promote EMI, by surfacing misalignments between frames of the PD leader, who was drawing on the Explorations Discourse and frames of the teachers, who were relying on the Acquisition Discourse. Our analysis of the PD pedagogical discussions included identifying lexical chains, both those relating to the rubric of EAC and those relating to the video-clip. This analysis showed that by using a video-clip of a classroom discussion and the Quadrants rubrics, misalignment between the teachers and the PD leader surfaced, and could therefore be referred to and further discussed. The misalignment in mathematizing aspects of the explorative frame, which are often difficult to notice (Heyd-Metzuyanim et al., 2018a), surfaced in this discussion well. However, subjectifying aspects of misalignment that related to whose contribution is valued (students or teacher), remained hidden during the discussion, perhaps because they were not attended to in advance by the PD leader. Our findings strengthen earlier studies regarding the usefulness of using video together with rubric scores in a PD setting (e.g. [START_REF] Schoenfeld | Uses of video in understanding and improving mathematical thinking and teaching[END_REF]. The contribution of this study is also methodological, in introducing and exemplifying the use of linguistic tools to analyze the productiveness of PD discussions.
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