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This study aims to investigate how the orchestration types performed during technology-enhanced micro-teaching practices are sequenced. For this purpose, a case study was designed to explore the preparation and implementation of a micro-teaching lesson. We examined one pre-service mathematics teacher's (PMT's) three-week teaching preparation and micro-teaching lesson. The video recording of the lesson was divided into teaching moments and we identified which orchestration types were carried out with which sub-goals during them. We found that the instrumental orchestrations (IOs) were chained to serve some goals. We define them as orchestration chains (OCs). Analysis of data indicated an OC that we call "in the direction of board to screenindispensable -OC". We claim that the idea of an OC has the potential to reveal the explanatory feature of the IO framework in addition to its descriptive feature.

Introduction

The technological tools used in mathematics teaching have shown a great improvement which has led education researchers [START_REF] Abelson | Turtle geometry: The computer as a medium for exploring mathematics[END_REF][START_REF] Artigue | Learning mathematics in a CAS environment: The genesis of a reflection about instrumentation and the dialectics between technical and conceptual work[END_REF] to work on the integration of technology into mathematics teaching which has become a necessity. [START_REF] Guin | Mastering by the teacher of the instrumental genesis in CAS environments: necessity of intrumental orchestrations[END_REF] state that the optimistic view of researchers in the early years of technology integration research became more cautious as time went on. By the end of the 20th century, researchers working on the integration of technological tools into mathematics teaching searched for a theoretical perspective that focuses on the complex interplay between technological tools and traditional paper-and-pencil studies. This led to the emergence of the instrumental approach to tool use [START_REF] Drijvers | Digital technology in mathematics education: Why it works (or doesn't)[END_REF].

The instrumental approach explains the interaction between an artefact and its user and focuses on the transformation of an artefact into an instrument (which is a psychological construct) for the person, in other words, instrumental genesis [START_REF] Guin | Mastering by the teacher of the instrumental genesis in CAS environments: necessity of intrumental orchestrations[END_REF]. This complex process is "linked to the artefact's characteristics (its potentialities and its constraints) and to the subject's activity, his/her knowledge, and former method of working" (Trouche, 2004, p. 285). This cognitive process combines artefacts with schemes that determine how they will be used. However, for students' instrumental genesis to take place, teachers need to guide students [START_REF] Drijvers | The teacher and the tool: instrumental orchestrations in the technology-rich mathematics classroom[END_REF]. [START_REF] Trouche | Managing the complexity of human/machine interactions in computerized learning environments: Guiding students' command process through instrumental orchestrations[END_REF] developed the instrumental orchestration (IO) theoretical framework to explain how a teacher organizes students' use of instruments in the classroom and how they can create coherent instrument clusters.

IO has a structure of three elements. While organizing the artefacts to be used during the teaching practice is concerned with didactical configuration, exploitation mode is related to decisions on how the artefacts will be used to exploit didactical configuration for teachers' didactical intentions. Didactical performance, on the other hand, includes ad hoc decisions taken during the implementation of the choices determined by the didactical configuration and exploitation mode [START_REF] Drijvers | The teacher and the tool: instrumental orchestrations in the technology-rich mathematics classroom[END_REF]. In IO theory, teacher activities are explained by orchestrations. [START_REF] Drijvers | Digital resources inviting changes in mid-adopting teachers' practices and orchestrations[END_REF] divide orchestrations into whole-class and individual orchestrations. Whole-class orchestrations are orchestrations where teaching practices take place with the whole class. These types of orchestrations are technical-demo, guide-and-explain, link-screen-board, discuss-the-screen, explain-the-screen, spot-and-show, Sherpa-at-work, and board-instruction orchestrations. The technical-demo orchestration involves showing students the instrumented techniques that the teacher will use in the classroom. During the guide-and-explain orchestration, the teacher directs the techniques by asking questions to students during their instrumental activities. The link-screen-board orchestration involves connecting technological tools to traditional media such as paper, board, or books. During the discuss-the-screen orchestration, the teacher discusses what appears on the screen with the whole class. The explain-the-screen orchestration involves explaining what is on the screen to the students. During the spot-and-show orchestration, the teacher checks the work performed by each student individually and shares it with the whole class. In the Sherpa-at-work orchestration, the teacher asks a student to share her or his work using individual tools with the whole class. The boardinstruction orchestration refers to the traditional teaching practice carried out by the teacher in front of the board. Individual orchestrations, on the other hand, are the ones in which students work individually or in small groups with their tools, and the teacher walks around the classroom and guides his/her students. Such orchestrations are individual technical-demo, individual guide-and-explain, individual discuss-the-screen, link-screen-paper, and technical-support orchestrations. Many studies in the field of mathematics education developed and elaborated the IO framework [START_REF] Drijvers | From artifacts to instruments: A theoretical framework behind the orchestra metaphor[END_REF][START_REF] Tabach | Developing a general framework for instrumental orchestration[END_REF][START_REF] Bozkurt | The activity structure of technology-based mathematics lessons: A case study of three teachers in English secondary schools[END_REF]. However, [START_REF] Drijvers | Transitions toward digital resources: Change, invariance, and orchestration[END_REF] stated that the idea of sequencing orchestration types into chains is a gap in the field: So far, the focus within IO research has been on isolated orchestrations. Hardly any attention is paid to integrating them into instructional sequences. How can teachers sequence orchestrations into productive chains? Are there specific chains that form natural sequences, like IO trajectories? Even if this idea was present in the early years of instrumental orchestration (e.g., see Trouche 2004), it has not been further elaborated so far. (Drijvers et al., 2019, p. 404) Focusing on this gap in the literature, this study aims to determine how orchestrations are sequenced into specific chains for specific goals.

Methods

We designed a case study [START_REF] Yin | Case study research and applications: Design and methods[END_REF], which consists of a single case. The participant was a senior PMT (Esin) who was taking the Instructional Technologies and Material Development course in a four-year teacher preparation degree at a state university in Istanbul, Türkiye. As part of the course requirement, she designed a lesson using GeoGebra software and performed it as a micro-teaching lesson. Micro-teaching is a teaching situation where lessons are minimized in terms of time and number of students so that the teacher is asked to focus on a selected aspect of instruction. In preservice teacher education, it is a method to enhance PMTs' teaching skills [START_REF] Cooper | Microteaching: History and present status[END_REF]. In this study, five PMTs taught lessons to their peers. There were no time constraints in line with the purpose of the study. Documentation, direct observations, and interviews were used as data collection tools. During the micro-teaching preparation process, screen recordings of the computers, and video recordings of the working environment were taken. Esin's lesson lasted approximately forty minutes. At the same time, a lesson plan, lesson materials, reflective diaries, researcher diaries, and a microteaching information form were included as documents.

The data were analyzed with ATLAS.ti qualitative data analysis software. We used the definitions of orchestration types as reported by [START_REF] Drijvers | The teacher and the tool: instrumental orchestrations in the technology-rich mathematics classroom[END_REF]. To determine how the orchestrations are lined up, micro-teaching lessons are divided into sections according to the moments of study (les moments de l'étude) defined by [START_REF] Besnier | Le travail documentaire des professeurs à l'épreuve des ressources technologiques: le cas de l'enseignement du nombre à l'école maternelle[END_REF] based on [START_REF] Chevallard | Organiser l'étude 1. Structures et fonctions [Organising the study 1. Structures and functions[END_REF]. These moments are introduction and discovery moments, learning and training moments, synthesis moments, and evaluation moments. Introduction and discovery moments are when the teacher introduces the topic to be taught or introduces a task by engaging students with it. During learning and training moments, students participate in tasks, solve problems or work on exercises. Synthesis moments are when the practices performed in other teaching moments are synthesized. During evaluation moments, the teacher evaluates what students have learned.

For the instrumented activities that take place in these moments, a matrix of representation elements of action was created based on [START_REF] Besnier | Le travail documentaire des professeurs à l'épreuve des ressources technologiques: le cas de l'enseignement du nombre à l'école maternelle[END_REF] and [START_REF] Besnier | Usages de ressources numériques pour l'enseignement des mathématiques en maternelle: orchestrations et documents [Using digital resources to teach mathematics at nursery school: orchestrations and documents[END_REF]. This matrix (see Figure 3) consists of the purpose of the activity, possible sub-goals, resources, rules of action, and operative invariants. To prepare the matrix, the data obtained from the teaching preparation and teaching practice were used. In this way, we aimed to determine which actions were performed for what purposes in each moment of study. In this study, we observed that the orchestrations were sequenced for some special purposes. As a result of this observation, we defined an OC as "the orchestrations sequenced to serve a specific goal."

Findings

In this section, Esin's micro-teaching practice will be briefly explained, and then the findings on learning and training moments will be presented in detail. Esin stated that she can use the GeoGebra software at an intermediate level. However, she did not have any technology-enhanced mathematics teaching experience. In general, she has positive opinions about the use of technology in mathematics teaching.

Esin's micro-teaching practice

After completing her micro-teaching preparation, which lasted for three weeks, Esin taught a fortyminute micro-teaching lesson. Her lesson aimed at the learning objective regarding solving maximum and minimum problems with the help of derivatives. Esin started the lesson with a short discussion about the limit concept (Introduction and discovery moments I). Afterward, she conducted an activity during which she explained the concepts of limit and derivative by using the concepts of average velocity and instantaneous velocity. Here, she first solved the questions on the activity sheet with students and checked the answers using GeoGebra (Learning and training moments I). For the last question in the activity sheet, she explained the relationship between limit and derivative first using the board and then GeoGebra (Learning and training moments II). Esin then used the whiteboard and GeoGebra together to come up with a mathematical expression for the derivative concept (Synthesis moments I). Afterward, she started a discussion about increasing and decreasing functions and extreme points (Introduction and discovery moments II). The final part of her micro-teaching lesson included an explanation about why the derivative at extreme points should be zero (Synthesis moments II) and solving some problems on extreme points (Learning and training moments III). Finally, Esin concluded her micro-teaching lesson by posing a real-life problem to the students (Evaluation moments).

Figure 1: Analysis of Esin's micro-teaching lesson

Figure 1 shows the orchestrations Esin performed during teaching moments. Each point represents an orchestration. Orchestrations connected by lines represent OCs. In determining the OCs, we examined at which orchestrations were performed at which moments of study. The moments were reconsidered in line with their purposes. This analysis revealed two consecutive teaching moments, "learning and training moments I and II". In the first one, the answers to the questions solved on the board were checked using GeoGebra. The other one which is the focus of this study (as shown in bold in Figure 1), forced the use of technology by emphasizing the insufficiency of the board. We give details of the bold column (Learning and training moments II) below.

In the direction of board to screen -indispensable -orchestration chain

This section explains the "learning and training moments II" which we coded as "In the direction of board to screen -indispensable -OC". Esin divided the students into groups of two and allowed them to use calculators. She used a GeoGebra task in this part of her micro-teaching lesson (click here for the English version). For the first four questions in the GeoGebra worksheet, Esin gave her peers time to solve them first. After solving them on the board, she quickly confirmed the results using GeoGebra. She expressed the relationship between the radius of the circle and the average rate of change (learning and training moments I). When Esin came to the last question, she went beyond mathematical confirmation and asked, "What happens when h becomes zero?". She tried to explain step by step that the result is undefined when h is zero on the board (Board-instruction). However, she stated that she could not show "a very close value" on the board and that this indicated a limit value. She then used GeoGebra to explore the figure on the board (Figure 2). In this part, Esin made explanations by making frequent references to the board (Link-screen-board). She showed that the values approached the limit value using the animation feature of GeoGebra. She guided the students and made explanations: "Look, the slope is decreasing, isn't it?" (Guide-andexplain orchestration). Esin ended her explanations by saying: "Look, when I get to that point, our secant line becomes our tangent and our instantaneous rate of change is the slope of our tangent." This part of Esin's micro-teaching practice was coded as board-instruction, link-screen-board and guide-and-explain orchestrations which were carried out simultaneously.

Analysis of Esin's lesson preparation showed that she designed this activity to explain the relationship between limits, derivatives, and instantaneous rate of change. First of all, Esin wrote in her diary in the first week of her lesson preparation that she focused on the relationship between the concepts of derivative and instantaneous rate of change. At the same time, she wanted students to make sense of the mathematical definition of derivatives. Similarly, in the interview before the micro-teaching lesson, she stated that she planned to guide students with small hints while they were dealing with questions. In line with these thoughts, Esin included an activity, in which she discussed the concepts of derivative and instantaneous velocity. The document representation elements that Esin applied in this moment of study and the orchestration chain she performed are given in Figure 3.

The first part of the figure shows the matrix of representation elements of action (possible sub-goal, resources, rules of actions, and operative invariants). The second part includes the orchestration chain along with the didactical exploitation scenario. Esin performed an orchestration chain (boardinstruction, link-screen-board, and guide-and-explain) to accomplish the sub-goal regarding the relationship between the instantaneous rate of change and the limit concept. This chain began with Esin's attempt to explain the transition from average velocity to instantaneous velocity on the board. She continued her explanations using GeoGebra due to the limitations of the board. We name this chain "in the direction of board to screen -indispensable -OC" since the direction is from the board to the screen. Furthermore, the need for using GeoGebra was indispensable. 

Discussion

The data of this study indicated that some orchestrations form an OC in case they serve a specific goal. If they do not, sequential orchestrations do not form an OC. The OC that we observed, which emphasizes the limitation of the board and the potential of the software, and has the character of forcing students to use technology, was named "In the direction of board to screen -indispensable-OC". Future studies could elaborate on the notion of an OC. For example, the question of whether there would be OCs connecting multiple teaching moments (i.e., linking or arranging OCs for a broader purpose) could be an issue to explore. Another issue concerns whether OCs vary according to the technological tools used, the mathematical content, or teacher beliefs.

The IO theory aims to determine the patterns that exist in technology-enhanced classroom environments [START_REF] Ruthven | Frameworks for analysing the expertise that underpins successful integration of digital technologies into everyday teaching practice[END_REF]. In this study, we have revealed and detailed the existence of these patterns with an example. In addition, one of the points of departure of the theory is to find a starting point for the organization of technology-enhanced teaching environments [START_REF] Drijvers | From artifacts to instruments: A theoretical framework behind the orchestra metaphor[END_REF]. This study is important in terms of elaborating patterns in such classrooms.

Finally, it would be appropriate to address the limitations of this study. During the teaching practice, unpredicted events as stated by [START_REF] Lucena | Teacher education for integrating resources in mathematics teaching: contributions from instrumental meta-orchestration[END_REF] were not encountered. One of the reasons could be that we observed a PMT's micro-teaching lesson. Repetition of the study in real classrooms with teachers can provide insight into how orchestration chains are formed in unpredicted classroom situations.
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