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The task of eliciting student talk in mathematics teaching can be daunting for teachers. An approach to this is using student work actively in teaching. In this paper, the teacher moves in a lower secondary full class discussion regarding similar triangles is investigated. The results show that the teacher utilised different teacher moves to steer the discussion towards both didactical and mathematical goals.

Introduction

The DIM-project (Digital Interactive Mathematics Teaching) is a developmental research project exploring the use of digital tools in three lower secondary mathematics classrooms in Norway. One such innovation is the use of student-produced videos (later termed SPVs) as a medium for presenting strategies related to inquiry-based tasks. This idea emerged from the teachers as they wanted to explore different uses of videos in teaching, both teacher-and student-produced. The three-part lesson sequence used in the analysed lesson was developed by both teachers and researchers in a workshop. The aim for both teachers and researchers was to develop an approach for eliciting student talk in full-class mathematics discussions.

The transcripts originated from a follow-up discussion related to similar triangles and the use of this idea to measure the heights of objects, the task and lesson sequence is presented in detail in the methodology section. While planning the discussion, the teacher viewed SPVs to identify aspects of interest in the students' work. The teacher also used videos while enacting the discussion. As such, the paper addresses the topic of using student thinking in mathematics teaching. The paper aims to characterise how the teacher used the SPVs in teaching to promote students' active engagement in a full-class discussion. Our analysis is based solely on video recordings of the teaching, as the authors sought to investigate how looking through the lens of teacher moves can inform how the teacher is positioning the students in the discussion. [START_REF] Scherrer | Investigating the relationship between "effective" teachers and theoretical notions of effective teaching: An analysis of whole-group discussions[END_REF] Research has demonstrated that effective instructional practices demand students' mathematical talk [START_REF] Walshaw | The teacher's role in classroom discourse: A review of recent research into mathematics classrooms[END_REF]. To achieve this, teachers need approaches to elicit students' thinking and promote mathematical discussion. An area of interest for the teachers and researchers in the DIM-project is to foster what Goos defines as a community of inquiry; a classroom "…where students learn to talk and work mathematically by participating in mathematical discussions and solving new or unfamiliar problems" (Goos, 2004, p. 259). This moves beyond being mathematically correct as the students are "…expected to propose and defend mathematical ideas and conjectures and to respond thoughtfully to the mathematical arguments of their peers" (Goos, 2004, p. 259). An approach to studying such discussions is analysing the moves used by the teacher to facilitate students' active engagement. Krussel, Edwards and Springer define a teacher move as "a deliberate action taken by a teacher to participate in or influence the discourse in the mathematics classroom" (Krussel, Edwards, & Springer, 2004, p. 309). In the following paragraphs, we introduce frameworks of teacher moves and actions used as guidance for the research presented in this paper. [START_REF] Scherrer | Investigating the relationship between "effective" teachers and theoretical notions of effective teaching: An analysis of whole-group discussions[END_REF] classifies twelve types of moves to investigate teaching practices in relation to theoretical notions of effective teaching. Scoring guidelines are used to code and evaluate the effectiveness of teachers' discussions, where each move is scored according to the surrounding moves. In this framework, the teacher moves that are prompted by student thinking generaly receive positive scores. Scherrer refers to five such teacher moves, categorised as rejoinders, used to elicit and use student thinking rather than evaluate it. The moves categorised as rejoinders are uptake, collect, connect, lot and repeat. Uptake is an open-ended question that invites student thinking while using a student response to extend, clarify, or elaborate the discussion. Collect is a move aiming to provide different student responses to the same question. Connect is a question related to different responses and how they may be connected. Lot are occurrences where the teacher acknowledges a student's response and indicates that the topic will be revisited in the future. Repeat is a move related to echoing a student's response. [START_REF] Mueller | Teachers promoting student mathematical reasoning[END_REF] perceive teacher interventions as crucial to introduce the students to the mathematical discourse. The authors state that "[t]houghtful interventions, implemented according to students' developing ideas, allow students to take ownership of their learning and solutions" (Mueller et al., 2014, p. 2). In order to investigate teacher moves, they present three categories which encompass student thinking; making ideas public, eliciting student ideas, and encouraging justification and explanations. In this paper, we use these categories as an initial coding scheme for the interactions. We expand the categories to incorporate the elements needed to investigate the use of SPVs to promote a community of mathematical inquiry.

Key concepts

We view the investigated episodes to involve a didactical performance in accordance with how the term is outlined in the framework of instrumental orchestration [START_REF] Drijvers | The teacher and the tool: instrumental orchestrations in the technology-rich mathematics classroom[END_REF]. This performance is the ad-hoc decisions made by the teacher within the orchestration. Teacher moves can be planned, but they also involve some aspect of improvisation from the teacher, as the teacher must manage the feedback provided by the students. The teacher's moves are related to specific didactical intentions. Such intentions are typically implicit rather than explicit. As such, the didactical intentions referenced in this paper are deduced by the authors based on observed patterns in the data. The teacher moves are integral in this process as they are used by the teacher to benefit the didactical intentions. In the transcripts analysed for this paper, the teacher is asking the students to explain why a solution "makes sense". Thus, the perceived didactical intention is "a discussion using a SPV to validate a strategy for solving similar triangles problems".

Methodology

The lesson analysed for this paper was number two of in all four lessons the teacher enacted using SPVs in plenary discussions over a six-month period. Four lessons were video recorded from three different teachers' classrooms totalling twelve lessons of about 45 minutes. All these lessons utilised a fixed three-part sequence. Part one is a group investigation of an inquiry-based task in school (see an example of such a task below). Part two is to present the work of the group in a video, this serves as homework, and every student produces one video and sends it to the teacher. Part three is a full class discussion related to the topic investigated in part one and two. The discussion is based on the presentations in the SPVs, and the teacher watches all the videos while planning the full class discussion. The transcripts used in this paper is from one such discussion. One of the aims of this paper is to pilot an analytical approach to investigate the discourse in these discussions. As such, one lesson was selected at random and analysed for this paper. The process of selecting a lesson was done by double-clicking a random folder.

23 tenth grade students and one teacher attended the 43-minute lesson analysed for this paper. The mathematical topic was similar triangles, and the lesson was a follow-up discussion at the end of this topic. One of the teachers in the DIM-project designed the task below after a brainstorming session at a workshop where both teachers and researchers attended.

The task investigated and solved in the SPVs was (the authors' translation from Norwegian):

Look at the drawing (Figure 1). There is a mark on the wall (green dot). Nils has placed a mirror in front of him and placed himself so that he sees the mark in the mirror.

He can measure the following lengths; from the ground to his eyes, from himself to the mirror, and from the mirror to the wall. Can he, by using these measurements, find the final measure (from the ground to the green dot)? Data was collected using a video camera. The SPVs and the google presentation used in the lesson were shared with the first author before the lesson. The data was transcribed and translated by the first author.

The data was analysed using the approach presented in Powell, Francisco, and Maher (2003, p. 413). The authors perceive the process of analysis in seven non-linear phases (comments related to our process in brackets); Viewing attentively the video data, describing the video data (data reduction), identifying critical events (identifying instructional episodes where student thinking is central), transcribing (selected episodes of interest for the topic of this paper), coding (using the codes presented in this paper and constructing new codes if needed), constructing storyline (looking at the context of the code), and composing a narrative.

The transcripts presented in this paper are from one specific episode within the lesson. The notion of an episode is to be understood as a sequence within a lesson related to a specific goal, with a specific didactical intent. There were six episodes in the lesson. The time-span of the episodes were from three to ten minutes. The episodes with titles indicating the content were:

1. Discussion related to misconceptions and issues identified in the SPVs 2. Introduction to figures often used in similar triangle problems 3. Discussion related to validating a strategy for solving similar triangles problems 4. Discussion related to validating a similar strategy for solving similar triangles problems 5. Discussion related to a different strategy for solving similar triangles 6. Discussion related to solving similar triangle problems using GeoGebra

The third episode was selected to be analysed for this paper based on; a SPV being shown in the episode, the narrative being constructed by both teacher and students, and being an episode of length fitting for the page constraints of this paper. The episode is mainly a conversation between the teacher and one student (Harald). The transcript also presents the narrative from the video (SPV) as it is central to the dialogue which emerges. Additional information is in square brackets. (..) is used to indicate a short pause in the narrative.

Results and analysis

At the start of the lesson, the teacher elaborated on two issues emerging from the videos. The first issue was the definition of similar triangles, as some students stressed that all the angles and the shape had to be the same, not recognising that they are the same criteria. The second issue was a lack of explanation of why the two triangles used to solve the task were similar. This issue can be identified in the transcript below, from Svein's video. SPV (Svein): Okay, if we have (..) for example (..) two triangles and all the angles are the same, and they have the same shape. They do not necessarily need to have the same size, but. (..) We can see that all the angles are the same in both figures. Therefore, these are similar. Okay, we measured from the feet to the eyes.

Teacher: And the measurements are here [pointing to the measurements on the screen].

SPV (Svein): It was 165 cm, and from the feet to the mirror, which is from here to here [points with the mouse on the video], it was 178 cm. And (..) we want to find the ratio between these, so we divide (..) 165 by 178 and get 0,926966 and so on. And then we measure from the mirror, which was here (..) to the church [points with the mouse on the video], because we wanted to find the height of the church. Eh (..) and we got 1448 cm. Eh (..) then we calculated 1448 times 0,9269 and so on. And we got 1342,247 cm. And that is 13,42 m. So, from the church (..) up to here [points to the top of the church in their figure] it is about 13,42 m.

Teacher: And we will stop Svein there. Eh (..) we will look further later with. That is good.

If you look at the drawing here, (..) the height of Svein or Harald, I do not know who is measuring, it is 165 from the ground to the eyes. And from the ground to the mirror it is 178 cm, and 1448 from the mirror to the church. And then he calculates that the church wall is 1342 cm or 13,42 m. My question to you; does this make sense?

The transcript above illustrates how the teacher guides the students towards his didactical intent. It appears as if the purpose for showing the video was an introduction to the task and one approach to solve it. The teacher interacts with the video to highlight the measurements used in the calculation, adding emphasis to the presentation in the video. We consider this a parallel to a pushback rejoinder move, to add emphasis to important aspects of the presentation through intervention. Pushback is usually done through a question, as in "could you point to the measurement?". However, as the presentation is through a pre-produced video, the teacher elects to point to the measurements himself. It appears as if the objective is to make students reflect on how to validate that the strategy works; if this calculation makes sense. This is to be explored through a discussion, hence the didactical intent appears to be a discussion using a SPV to validate a strategy for solving similar triangles problems.

The teacher sets the scene to further the student's presentation, all the while emphasising that this is the student's work. Furthermore, it is not clear from the context of the question what kind of validation the teacher wants, as such; the request is an open-ended Uptake. As the question is also directly related to student thinking (presented in the video), the teacher is requesting the students to make their ideas public. In the following transcript, the teacher further establishes what such a validation entail.

Student:

Yes.

Teacher: Why does it make sense?

Student: Because the church is about 13 meters.

Teacher: You know that, but I did not know that. [START_REF] Cazden | Classroom Discourse: The Language of Teaching and Learning[END_REF]. The teacher's statements exemplify the complex relationship between the planned teacher moves and the didactical performance of the teacher, used to bring the discussion towards a validation. At first, there is a rebuttal; the student knows that the church is about 13 meters, but this is not the kind of validation the teacher expects. This move must be adhoc as the teacher did not know the student's validation strategy before the question was asked.

As the reinitiation of the original uptake is left unanswered, the teacher provides a starting point towards a validation, by changing the ratio and finding an alternative solution. The level of planning in this "thinking aloud" move is unclear, but one would assume that this is a preplanned move being enacted. In this process, the teacher is limiting the cognitive demands from the initial "find a strategy to validate this calculation" to "find a strategy to determine which calculation is correct". The initial request to make ideas public is limited to following through with the specific strategy initiated by the teacher, by encouraging an explanation from one of the students with ownership of the work. The following extract shows the reply from Harald and the teacher's response.

Harald:

Because, if you divide 165 by 178 you get 0,9 and so on, (..) and if you multiply that by 178 you get the height of the person. But if you had divided the opposite way, and multiplied 178 by 1,078, you would have 180 and so on. That is not the height we measured. So, we have the ratio between the bottom and the height.

Then we can multiply with the other height to find the height [of the church].

Teacher: I will repeat what I perceive he said. He divided this by this [points to the ratio calculation] and got 0,9. And then he is saying that if you use that number, the bottom [178], and multiply by 0,9 you get 1,65. And then I understand you said that if you then take the other bottom and multiply by 0,9 you get this [points to the church height]. Did I understand you correctly?

Harald: Yes.

In this exchange, the teacher obtains what appears to be a satisfactory validation in his view and confirms this through his comments. The teacher's moves are interesting, as the aim of the initial and follow-up moves was to get the validation. However, the rephrasing from the teacher does not stress the validation presented by the student. The student explained that the ratio calculated by the teacher would provide the wrong height for the person. As such, the ratio used by the group must be the right calculation in this situation, as it provides the correct height of the person. The teacher's rephrasing is mostly related to the overall strategy used and does not highlight the validation, why it provides the correct solution. This may be regarded as a missed opportunity to zoom out of the computational perspective and connect the task to the general proportional relationship, which underpins similar triangles problems. While the teacher does acknowledge the backwards calculation to get the height of the person, it is not clear from the extract that this is the student's validation of the strategy.

Teacher: So, we must think about which numbers to multiply. Not just choose freely. But, there is also something logically correct with these numbers. Can you look at the numbers, why is it logically correct? You can keep going Harald.

Harald: Because the height is less than the bottom. The student's affirmation regarding the teachers rephrasing is followed by two statements, or "words of warning", to conclude Harald's validation. The statement "…think about which numbers to multiply" is the key to the deduced goal of the episode, to validate why the initial strategy worked. The student's idea of backwards calculation showed this, but as the teacher did not highlight this during his rephrasing, it might get lost on the students. Rather than generalising or expanding the idea, the teacher moves on to another strategy, by relating the question directly towards the measurements and visual information. It appears as if this is what the teacher was working towards the entire episode. Evidence of this is the emphasis on measurements at the start of the episode, and the need to introduce two approaches to validate the strategy provided in the SPV.

Concluding remarks

To encourage students' active engagement in mathematical discourse is instrumental in establishing a community of mathematical inquiry. In the transcripts provided, the process of negotiating what a validation entail is directly related to student work. By addressing the students and narrowing the initial uptake to steer the discussion towards the goal, the teacher appears to get a satisfactory validation. Still, the analysis illustrates the need to dig deeper than codes, exemplified by the teacher's rephrasing of Harald's idea of backwards calculation. The teacher validates the student's response. However, he de-emphasises what we perceive to be an important contribution to the discussion. Furthermore, the teacher keeps a computational perspective throughout the episode, not zooming out to connect the discussion (and initial task) to the concept of similar triangles in general. To account for such instances, we emphasise the need to analyse transcripts qualitatively as oppose to quantitatively to understand the potential of the moves throughout the discussion fully.

The three-part sequence presented in this paper might unlock possibilities for more active engagement from the students. More work is needed to understand the potential of this model. In future work, we aim to incorporate the teacher's perspective and to investigate the design process of the individual teachers in the main study. We made a conscious decision to only use the video recordings as data for the analysis in this paper as one of the aims was to investigate the potential of using the lens of teacher moves to analyse mathematical discussions. The analysis showed that the teacher utilised teacher moves to steer the discussion towards the didactical intent, and the goal of the episode. In the future, we hope to contribute to the understanding of both the intention and impact of teacher moves in a classroom discussion.

In the context of the Norwegian school system, digital tools are on the rise. Such tools are integral in the framework presented in this paper. Throughout the discussion, the teacher utilised the interactive blackboard in varying ways. To play videos, pause at desirable moments and show actual student work are integral elements in the design of the lesson. These elements enable the teacher to use students' own voices extensively throughout. However, the implementation of such ideas does require a lot from the teacher. In the analysis presented, we realise the importance of both being alert and open towards student ideas and being conscious about the goals of the episodes. The episode investigated is illustrative of this dialectic relationship. Although it would appear as if the teacher had a specific validation strategy in mind when the episode starts, he does not avert from Harald's strategy of backwards calculation. Not only does he confirm that the student's idea is usable to validate the strategy, he also repeats the idea while acknowledging that this is the student's work and not his own.

Figure 1 :

 1 Figure 1: Drawing provided to the students ("Kan måles" translates to "Can be measured") Record a video where you show your measurements and explain how you can find the height of the building. Also, show generally how you can find the sides of similar figures if you know measurements of some of the sides. Maximum 5 minutes.

  But why does it make sense? It could be about 14 m. Why does it make sense? [awaits response]. If they had done it like this, divided 178 by 165, and found another solution. They chose to do 165 divided by 178, but if they had changed these numbers they would have gotten 1,079. And if they had taken the length to the church[14,48] and multiplied by 1,079 the answer would be (..) eh (..) they would have [looks in his notes]. I have not calculated it, but they would have about 1500. That is another answer. Why is one of them correct? You need to know the height [of the church] to say that it is 13 m. Harald, why does what you did make sense?In this section, the teacher's idea of a validation becomes clearer. It would appear as if, in his view, the validation should result from the information at hand, not from prior knowledge. This might explain the decision to repeat the measurements from the students' work in the prior section, and not to go into detail about the calculations they used. Such negotiation of what the argumentation should entail is important in understanding what mathematical discourse is

  Teacher: Yes, do you see that the height is a bit smaller than the bottom here? [points to the smaller triangle]. Then it makes sense that this [points to the church's height] is a bit smaller than here (..) to the church [from the mirror to the church]. So it makes sense. Okey, now there is some red text [in the teacher's notes]. You get two minutes to write. What was Svein and Harald's strategy?