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This study seeks to investigate how the practices and actions of a facilitator, leading collective discussions in a teacher education process, contribute for the creation of professional learning opportunities regarding the mathematical knowledge of elementary school teachers concerning the work with algebraic thinking. The methodology is qualitative and interpretative and the data were collected from videos of the collective discussions. Data analysis allowed to verify that the leading collective discussions, through the coordination of the five practices taken on by the facilitator, may contribute to create professional learning opportunities for teachers participating in the teacher education process, besides highlighting the practice of challenging teachers through questions.

Introduction

Quality teaching involves a series of aspects, among which is the teacher education activity and its teacher education processes, and the role of facilitators since "the way in which facilitators orient practice-embedded experiences is crucial to the success of teacher learning in these contexts" (Gibbons et al., 2021, p. 1). Considering a teacher education environment where the active role of teachers regarding their own learning is promoted [START_REF] Desimone | Improving impact studies of teachers' professional development: Toward better conceptualizations and measures[END_REF], our study focuses on the practice of facilitator in leading collective discussions in an in-service teacher education process. The importance of studying the moment of collective discussions is justified since studies have been demonstrating that it is during this phase of the teacher education process, based on an exploratory teaching approach [START_REF] Ponte | Teachers' professional practice conducting mathematical discussions[END_REF], that most professional learning opportunities happen [START_REF] Elliott | Conceptualizing the work of leading mathematical tasks in professional development[END_REF]. On the other hand, "little is known about how to facilitate such discussion" (Zhang et al., 2011, p. 343), which calls for additional research on the efficient practices of facilitators [START_REF] Borko | Facilitating video-based professional development: Planning and orchestrating productive discussions[END_REF]. Based on a previous work, which presented a framework that associated specific characteristics of the actions of the facilitator when leading collective discussions with general practices [START_REF] Ferreira | Práticas e ações do formador de professores que ensinam matemática na orquestração de discussões coletivas [Practices and actions of maths teacher educators in orchestrating collective discussions[END_REF], our study seeks to understand how do the actions and practices of a teacher facilitator, leading collective discussions in an in-service teacher education process, contribute to the creation of professional learning opportunities regarding the mathematical knowledge of elementary school teachers concerning the work with algebraic thinking. Therefore, this works intends to widen the constitution of a body of knowledge need by the facilitator regarding the design and leading of teacher education processes.

Literature review

In the same way that, from exploratory mathematics teaching, the teacher plays a fundamental role in conducting whole-group discussions with basic education students, the teacher educator exerts a similar role when orchestrating whole-group discussions to promote professional learning opportunities. Thus, some studies pointed out actions that the teacher educator can carry out to contribute for the teachers to establish relationships between their previous knowledge and the new challenges [START_REF] Elliott | Conceptualizing the work of leading mathematical tasks in professional development[END_REF][START_REF] Van Es | A framework for the facilitation of teachers' analysis of video[END_REF][START_REF] Zhang | Strategic facilitation of problem-based discussion for teacher professional development[END_REF]. With regard specifically to the orchestration of whole-group discussions, [START_REF] Elliott | Conceptualizing the work of leading mathematical tasks in professional development[END_REF] distinguishes some of the teacher educator's actions: directing the discussion to the established objective; supporting teachers' involvement with tasks; encouraging teachers to question each other; providing moments in which teachers explain and justify their ideas; and moderating the discussion to engage the group in working with mathematical ideas. By analysing classroom videos, and based on four practices, [START_REF] Van Es | A framework for the facilitation of teachers' analysis of video[END_REF] provided a conceptual framework for participants in a teacher education process to develop a critical discourse about students' thinking and mathematically important ideas: Guiding the group towards the video analysis task; Sustaining an investigative stance; Keeping the focus on video and mathematics; Supporting group collaboration. In a similar research, [START_REF] Zhang | Strategic facilitation of problem-based discussion for teacher professional development[END_REF] pointed out actions of experienced teacher educators in promoting discussions among science teachers: questioning, expressing, making connections, clarifying, reformulating, summarising and modelling. Also on this issue, [START_REF] Ferreira | Práticas e ações do formador de professores que ensinam matemática na orquestração de discussões coletivas [Practices and actions of maths teacher educators in orchestrating collective discussions[END_REF] formulated a framework that presents the actions that a facilitator developed when leading collective discussions in a teacher education process. After noticing that the actions led by the facilitator had different characteristics, and seeing a pattern in these actions, the authors suggested central practices for leading discussions (Table 1).

The practice of establishing a learning community mainly aims to encourage the group of teachers to get involved in collective discussions [START_REF] Zhang | Strategic facilitation of problem-based discussion for teacher professional development[END_REF], in which the facilitator promotes the construction of a comfortable and safe environment for teachers to feel encouraged to talk based on their own perspectives. The practice of interpreting interactions with and among teachers involves the understanding and monitoring [START_REF] Borko | Facilitating video-based professional development: Planning and orchestrating productive discussions[END_REF], by the facilitator, of the context, speech, and attitudes of the teachers, which is materialized into interventions. The practice of establishing connections demands the facilitator to make connections both with external elements to the teacher education process and with the teachers' daily practice, such as with elements of the teacher education process itself and previously discussed subjects [START_REF] Escudero-Ávila | What do mathematics teacher educators need to know? Reflections emerging from the content of mathematics teacher education[END_REF]. The practice of challenging teachers to advance in their knowledge refers to the moments in which teachers are faced with and provoked in their original ideas, which results in reflection [START_REF] Escudero-Ávila | What do mathematics teacher educators need to know? Reflections emerging from the content of mathematics teacher education[END_REF] and in seeking arguments for these same ideas. Lastly, the practice of systematizing learnings aims at resuming the main discussion themes, summarizing the knowledge that is related to the goal of a certain meeting of the teacher education process [START_REF] Ferreira | Towards an approach to teachers' professional development: How to work with algebraic thinking in the early years[END_REF].

Methods section

This study follows a qualitative and interpretative approach [START_REF] Bogdan | Investigação qualitativa em educação. Uma introdução à teoria e aos métodos[END_REF]. The data were collected through recordings of the moments of collective discussions with two cameras, one directed at the facilitator and the other at the teachers, so to characterize the process of dialogical communication between the teachers and the facilitator.

The teacher education process sought that teachers could understand (i) the need to work with algebraic thinking in elementary school; (ii) the mathematical contents necessary for its development -generalized arithmetic, functional thinking, and different interpretations of the equal sign; and (iii) the knowledge of the educational practice, aiming at its operationalization in the classroom. Fourteen teachers who taught in the grades 3-5 of a teaching network in a municipality of the State of São Paulo, Brazil, participated in the study. The teacher education process used professional learning tasks for teachers (PLTT) [START_REF] Ribeiro | Um modelo teórico para organizar e compreender as oportunidades de aprendizagem de professores para ensinar matemática [A theoretical model for organising and understanding teachers' learning opportunities to teach mathematics[END_REF] with specific goals, using records of practice, and followed an exploratory teaching approach, carried out in three phases [START_REF] Ponte | Teachers' professional practice conducting mathematical discussions[END_REF]):

(i) introduction, the moment when the PLTT is presented and the previous knowledge of the teachers is collected; (ii) carrying out the PLTT, which involves the work in small groups in which teachers solve the task; and (iii) collective discussion, in which teachers present their solutions for the whole group, and the facilitator manages this moment and makes the systematization of learning [START_REF] Ferreira | Towards an approach to teachers' professional development: How to work with algebraic thinking in the early years[END_REF]. To such end, the formative process designed by the authors, adopted a situated perspective of learning and its design and management were grounded on principles based on the teacher's teaching practice [START_REF] Ball | Developing practice, developing practitioners[END_REF]): (i) the format of the professional development process was in line with the themes to be worked on with the students; (ii) the use of curriculum documents and the textbooks used by the teachers; (iii) the teacher's work cycle in terms of planning, action and reflection; (iv) the professional development through the professional learning tasks; and (v) consideration of the characteristics of effective professional development. The process counted with a 64-hour workload, distributed into 32 face-to-face hours (8 weekly 4-hour meetings) and 32 autonomous work hours, having the first author of this article as facilitator.

Data analysis was performed in four phases. First, the teacher education process videos were transcribed, with the production of reports. In the second phase, we identified the teacher educator's actions during the whole-group discussions (the teacher educator's positioning and the consequent dialogic interaction with the teachers) according to the teacher educator's practice categories in Table 1. In this identification, some actions could be framed in different actions and/or practices, which led us to adopt the criterion of defining actions based on the teacher educator's objective for that action.

In the third phase of analysis, the actions were categorized according to the type of knowledge involved in the discussion: mathematical knowledge for teaching and knowledge of the educational practice. In the fourth phase of analysis, we observed how the teacher educators' actions and practices were established to create opportunities for professional learning. Next, we present episodes that represent different facilitator practices and actions as she was leading the collective discussions of the Equal sign PLTT, which aimed that teachers could understand (i) the meaning of the equal sign in the perspective of equivalence; (ii) its importance for the development of algebraic thinking; and (iii) how to work with this content in elementary school, planning didactical situations. It is important to note that, even though the focus of this study is on mathematical knowledge, the objectives of the PLTT also cover didactical knowledge, once it is assumed that, in a teacher education process, they are indissociable [START_REF] Ribeiro | Um modelo teórico para organizar e compreender as oportunidades de aprendizagem de professores para ensinar matemática [A theoretical model for organising and understanding teachers' learning opportunities to teach mathematics[END_REF]. The facilitator's actions are presented in italics.

Results

The teachers carried out the PLTT in subgroups, in which one of the parts was collecting possible student answers to the sentence 8 + 4 = □ + 5. During the collective discussion, the facilitator asked the teachers Why is the equality concept, in the perspective of equivalence, crucial for the development of the algebraic thinking? Given the little precise answers received, she invited the teachers to solve the equation 4x + 27 = 87 together:

Teachers: Move 27 to the other side. Facilitator:

What do I move? Camila:

4x is equal to 87 minus 27.

The facilitator wrote on the board what Camila had said: 4x = 87 -27.

Facilitator: What allows me to do this here: moving 27 to here [besides 87] and also negative?

Adriana:

Uh, the teacher taught that. Eliana:

You had 4x + 27, you took it out and left only 4x. You took from this side, and you are going to take from the other side as well. Facilitator:

How can that be, Eliana? Explain it better to us... Eliana:

You had 4x + 27, you took it out and remained only with 4x.

In this excerpt, it is possible to observe the combination of four facilitator actions: (i) inviting, seeking teacher participation in solving the equation; (ii) asking for clarification, leading teachers to reflect and better explain their speeches about the equation solving procedure; (iii) challenging, through questioning, providing opportunities for justification to arise as to why it is possible to put -27 on the right side of the equal sign; and, again, and (iv) asking for clarifications, considering that there were explanations to be made, considering that the verb "to take" needed to be better explained, ensuring the common understanding of the idea.

Continuing the discussion and given Eliana's pertinent affirmation of taking -27 from both sides, the facilitator began to register on the board the representation of the solution of the equation. When the facilitator wrote 4x + 27 -27, the teachers did not agree with this representation, once the verb "to take", used by Eliana, was not necessarily related to operation of subtracting from both sides of the equal sign:

Eliana: No [it is not like that].
It is 4x is equal to 87 -27. Facilitator:

How do we write this here, then? Paula:

You erase the 27, you take it out.

The procedure for solving the equation presented by the teachers was correct, but they did not agree with the representation of putting -27 on both sides. This shows they did not understand that putting -27 on the "other side" is mathematically supported by the justification of the equal sign in the sense of equivalence. During the debate that followed, provoked by the situation, the teachers reflected and sought arguments and/or justification for solving the equation, which made the facilitator listen to the teachers, providing the opportunity for the exchange of impressions, promoting the interaction. After a time in which it was not possible to perceive advances in the justifications, the facilitator indicated a possible representation:

Facilitator: Couldn't it be like this [she wrote on the board 4x + 27 -27 = 87 -27]? Camila:

You put -27 on both sides! To balance! Adriana:

Algebraically. Facilitator:

Can it be like this? Eliana:

Yes.

It is possible to observe that only after the representation made by the facilitator of the mathematical situation of putting -27 on both sides, extending/widening the teachers' knowledge regarding the understanding of the mathematical phenomena, Camila justified that there should be a "balance" between both sides of the equation. The expression of surprise by Camila in face of a situation that was not previously observed indicates the creation of learning opportunities considering the unbalance posed by the information given by the facilitator. Almost at the end of the discussion, the Facilitator clarified/explained, justifying the solution of the equation:

Facilitator: What makes it possible for us to take this step here (4x = 87 -27) is that you make, on both sides of the equal sign, the same operation, in the perspective of equivalence [of the equal sign]. Which one of you remembered that?

Adriana:

I think I didn't even learn that.

Lastly, the facilitator established a connection between the initially asked question and the solution of the equation: The children need to understand that equality is a relationship that talks about two mathematical expressions that have the same value.

In this excerpt, by resuming the initial question, the facilitator showed the need to close the previously indicated question, relating an arithmetic situation that is possible to be worked at elementary school with an equation in which the equal sign in the sense of equivalence is in play. Although the teachers knew the procedures to solve equations, they had little clarity that equality is a relation of equivalence between two numerical sentences, which was shown by Adriana, when she said she had never learned that.

Lastly, Rosana witnessed the establishment of a relationship between what was debated in the discussion and her practice in the classroom:

Rosana: As I am seeing for the first time [the meanings of the equal sign], what I came to the conclusion is the [term] equivalent. Because when I talk of equivalence here [on the left side of the equal sign] and here [on the right side of the equal sign] and I get to the x, there I will make the interconnection that it is an equivalence, that we teach equivalence only in fractions. Camila:

Equivalent fractions, it's true! Rosana:

Equivalence fraction, then I made this connection now. Because I will have to teach equivalent fraction. There's the equivalence [in the equation] and it is in a fraction.

By providing situations where teachers could reflect, leading them to establish relationships, learning opportunities were created, portrayed in the relationship that Rosana was able to establish with her practice, with the teaching she was already carrying out with her students. The equal sign in equivalent equations in used in the sense of equivalence, and not in the perspective of searching for a result. It is not possible to define which practices and actions by the facilitator contributed for Rosana to be able to establish a relationship between one of the meanings of the equal sign and her practice in the work with fractions. However, we can affirm that the set of actions, such as inviting, asking for clarification, questioning, listening, extending/widening, resuming, developed by the facilitator contributed for Rosana to establish relationships with her own practice, given that she affirmed seeing the meanings of the equal sign for the first time during the teacher education process.

Discussion

The results presented indicate that the actions of questioning and asking for clarifications allowed for teachers' professional learning as they promoted reflection [START_REF] Ribeiro | Um modelo teórico para organizar e compreender as oportunidades de aprendizagem de professores para ensinar matemática [A theoretical model for organising and understanding teachers' learning opportunities to teach mathematics[END_REF] on the procedure to solve an equation. Besides, the set of actions related to the practice of interpreting the interactions with the teachers and among teachers indicates the fundamental role of the facilitator in leading collective discussions. When the teachers did not answer her question, the facilitator, interpreting the situation, made use of the representation of the solution of an equation, redirecting the discussion [START_REF] Borko | Facilitating video-based professional development: Planning and orchestrating productive discussions[END_REF]. This redirection is fruit of the facilitator's knowledge of the content, the teachers' reflection about the content and about the teacher education process itself [START_REF] Borko | Facilitating video-based professional development: Planning and orchestrating productive discussions[END_REF], and its goal was for teachers to understand the meaning of the equal sign in an equation and to transpose it for their own practice. This transposition was shown by Rosana when she established a connection with her practice in the work with fractions, indicating the creation of professional learning opportunities. On the other hand and considering that the practice of interpreting demands the facilitator to make decisions at the moment [START_REF] Borko | Facilitating video-based professional development: Planning and orchestrating productive discussions[END_REF], there are situations where the facilitator can set aside in-depth examinations related to certain situations. When Adriana identified as algebraic the action of putting -27 on both sides of the equation, the facilitator could have asked the justification for this affirmation, contributing to better clarify the teacher's thinking and bringing more elements for the discussion. This work also indicates that, just as students benefit from working with different representations of a same mathematical situation (NCTM, 2014), it is possible to assume that, in teacher education, the role of different representations has the same influence, once in the work with the equal sign, teachers were able to benefit from the representation of the equation to understand the meaning of equivalence.

Conclusion

The results show that the discussion was developed in a growing movement, in which the facilitator, through successive questions, helped the teachers to perceive the equivalent meaning of the equal sign. Besides ratifying the role of the facilitator as fundamental for leading productive collective discussions [START_REF] Ribeiro | Um modelo teórico para organizar e compreender as oportunidades de aprendizagem de professores para ensinar matemática [A theoretical model for organising and understanding teachers' learning opportunities to teach mathematics[END_REF]) using a dialogic discourse instead of an authoritarian one [START_REF] Zhang | Strategic facilitation of problem-based discussion for teacher professional development[END_REF], we suggest that the coordination of different practices of distinct nature can guide leading productive collective discussions for teacher learning. This combination of actions, and more specifically the actions of questioning and asking for clarifications, have challenged teachers to look for justifications, providing opportunities of reflection about the mathematical concepts that underlie the procedures of solving the equation that, despite being internalized as procedures, could not be dully anchored in their conceptual understanding. Therefore, an important contribution of this study is to consider different facilitator practices, which, by being combined in the development of discussions, can lead to the creation of professional learning opportunities, the first goal of the teacher education process. This study can also contribute to the definition of the knowledge necessary for the facilitator [START_REF] Goodwin | Quality teacher educators = quality teachers? Conceptualizing essential domains of knowledge for those who teach teachers[END_REF], as well as to the creation of principles that guide the design of facilitator preparation. On the other hand, considering "the fast, elusive give-and-take in the flow of discussion" (Zhang et al., 2011, p. 390), the framework (Table 1) can be fortified as new studies observe how the actions of different facilitators were carried out in different contexts, with distinct audiences and contents, but also investigating how were these actions combined to provide opportunities for professional learning.

  this notion of equivalence begins [points to 8 + 4 = □ + 5]. Look at the relationship of this [points to 8 + 4 = □ + 5] with this [points to 4x + 27 = 87].