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We seek to understand the benefits and constraints to prospective teachers in disseminating the results of a lesson study. The lesson study was integrated into an initial primary teacher education program, in which two prospective teachers collaboratively prepared, conducted, and reflected on two research lessons. In this paper, we focus on the dissemination process. We followed a qualitative approach and data collection includes audio and video recordings of the sessions and document collection. The results showed the potential of lesson study to involve prospective teachers in researching their practice. When they shared the results of the lesson study with the educational community, they deepened their knowledge about students' learning processes.

Introduction

Several studies argue that initial teacher education programs should engage prospective teachers (PTs) in researching their practice [START_REF] Darling-Hammond | Defining teaching quality around the world[END_REF][START_REF] Ponte | Pre-service mathematics teachers' knowledge and development[END_REF][START_REF] Ponte | Research on teaching practice in a Portuguese initial secondary mathematics teacher education program[END_REF]. It is a way to understand the pedagogical practice and broaden their theoretical knowledge, to be able to take better teaching decisions [START_REF] Perines | How do prospective teachers understand educational research[END_REF]. Researching on practice fosters a deeper knowledge base regarding both the learning process and the learners they will teach. Researching can also lead to better access to students' learning styles [START_REF] Darling-Hammond | Defining teaching quality around the world[END_REF]. Despite this importance attributed to research, many PTs feel insecure about doing it [START_REF] Perines | How do prospective teachers understand educational research[END_REF] which justifies the pertinence of studies that seek to involve PTs in this activity. However, few studies document PTs' participation in analysing students' work [START_REF] Helgevold | International changes and approaches in initial teacher education[END_REF].

Lesson study is a professional development process that facilitates collaborative work between participants and creates opportunities for PTs to develop reflective thinking on pedagogical practice [START_REF] Fujii | Lesson study and teaching mathematics through problem solving: The two wheels of a cart[END_REF][START_REF] Martins | Preparing, leading, and reflecting on wholeclass discussions: How prospective mathematics teachers develop their knowledge during lesson study[END_REF]. Lesson study can support the PTs' research activity. However, evidence from Álvarez et al. (2019) showed that, in their final reports, PTs had difficulty in critically substantiating interpretations regarding their students' learning processes. Similarly, [START_REF] Myers | Lesson study as a means for facilitating preservice teacher reflectivity[END_REF] concluded that PTs' reflective capacity shown in written reports was low, suggesting that lesson study structure should contemplate activities that lead them to reflect deeply. Despite the importance of sharing lesson study results [START_REF] Huang | Improving teaching, developing teachers and teacher educators, and linking theory and practice through lesson study in mathematics: An international perspective[END_REF], not many investigations focus on the PTs' involvement in dissemination activities. As [START_REF] Wood | The future of lesson study in initial teacher education[END_REF] pointed out:

We need to consider how insights and knowledge gained from lesson study projects can be shared beyond immediate contexts. Publishing academic papers is one way of doing this, but for many involved in the use of lesson study, this may not be desirable or viable as an outlet. (p. 211) Considering the aspects previously mentioned, we conducted a lesson study integrated into a primary (grades 1-6) initial teacher education program that sought to involve two PTs in researching their practice, from preparation to dissemination. In this paper, we focus on the dissemination process of lesson study and our research question is: What are the benefits and constraints in involving PTs in disseminating the results of a lesson study?

Theoretical Framework

When teachers research their own practice, they seek solutions to challenges posed by their classroom, sustaining their investigative activity to the extent of their direct action. To do that, they must (i) formulate questions related to the problem they want to solve; (ii) collect data that allows them to respond to the problem; (iii) analyse the collected information to find answers; and (iv) disseminate the results obtained [START_REF] Ponte | Investigar a nossa própria prática [Investigating our own practice[END_REF]. In summary, teachers must reflect on their continuous activity and "deliberate planning, setting up a research goal, and following a methodical process of collecting and analysing information to attain that goal" (Ponte et al., 2017, p. 3).

To prepare teachers to be researchers, it is necessary to create conditions for them to research their own practice, in, on, and for their educational activities, preparing PTs to share the results obtained with others, including their peers. However, it is essential to recognize and support research activity institutionally and to encourage teachers at the beginning of their careers to get involved in projects that motivate and lead them to reflect on their difficulties [START_REF] Ponte | Pre-service mathematics teachers' knowledge and development[END_REF]. Also, [START_REF] Perines | How do prospective teachers understand educational research[END_REF] show that PTs' conception of research activity is strongly linked to the research methodology promoted throughout their teacher education program. They suggest that this component should be planned at various times during the program, especially during teaching practice, as "teachers should be able to observe and analyse their own practice in a reflective and contextualized way to improve it" (p.113).

Promoting research in initial teacher education programs raises some challenges. First, it must ensure engagement from higher education institutions, elementary schools, supervising teachers, and cooperating teachers. Second, the PTs activity must be closely supervised in its different stages, consuming human resources usually scarce in teacher education institutions. Third, it must ensure that the volume of tasks required to research is balanced with other tasks that may occur during the course [START_REF] Ponte | Research on teaching practice in a Portuguese initial secondary mathematics teacher education program[END_REF]. And finally, fourth, it is necessary to create opportunities for PTs to analyse and reflect on the issues that arise from their practice (Álvarez et al., 2019).

Lesson study is a practice-oriented process that begins with an initial problem regarding students' learning, providing opportunities for participants to design and test intended improvements in a research lesson. After that, they reflect on students' work and the impact of their teaching practice on students' learning, allowing the cycle to repeat if necessary and possible [START_REF] Helgevold | International changes and approaches in initial teacher education[END_REF][START_REF] Huang | Improving teaching, developing teachers and teacher educators, and linking theory and practice through lesson study in mathematics: An international perspective[END_REF]. Those features make lesson study a device of interest to initial teacher education programs giving PTs the possibility to construct tasks and reformulate the lesson plan and analyse research lessons. Therefore, lesson study constitutes opportunities to PTs reflect on their practice and to develop research activity [START_REF] Martins | Preparing, leading, and reflecting on wholeclass discussions: How prospective mathematics teachers develop their knowledge during lesson study[END_REF][START_REF] Norton | The role of collaborative planning: How to use joint planning as a learning process in lesson study[END_REF].

The use of lesson study to promote a critical approach strengthens the relationship between theory and practice, as discussed by Álvarez et al. (2019), who identified reflective reports as an essential component in the process, reinforcing the value of sharing "findings in an attempt to reconcile research and classroom practice, thus bridging the theory-practice divide" (p.129). When PTs participate in a lesson study, they can have access to students' mathematical thinking. This opportunity occurs not only during the research lesson but also during preparation sessions, which justifies the importance given to the diagnosis and of anticipating students' difficulties. In addition, lesson study may support the process of sharing research results [START_REF] Huang | Improving teaching, developing teachers and teacher educators, and linking theory and practice through lesson study in mathematics: An international perspective[END_REF], extending learning to other audiences, supporting innovation, and accelerating ongoing processes of change.

Methods

This work is based on a lesson study carried out in a Portuguese higher education teacher institution, which was structured to support PTs in researching their practice and to involve them in the dissemination of the results of their activities. Since the aim was to understand the reality under study, we adopted a qualitative approach [START_REF] Bogdan | Qualitative research for education: An introduction to theory and methods[END_REF].

The participants were two PTs, Catarina, and Belisa (pseudonyms), then students in the first year of a master's degree, which will enable them to teach in grades 1-6. The master's program lasts two years and has a strong component of practice in the Supervised Teaching Practice courses that span the four semesters. During these four semesters, PTs carry out their internship, which involves three days a week of preparing and conducting lessons (between grades 1-6). In this lesson study, the PTs did fieldwork in a grade 2 class. The other participants were the supervising teacher, the cooperating teacher at the school, and a researcher as facilitator (first author).

Data collection includes audio and video recordings of sessions [Sx] and document collection of PTs reports. The data analysis is organized from episodes related to the dissemination process [S10 to S16] including a conference oral communication made by PTs. We selected, transcribed, and organized segments that indicated aspects that the PTs highlighted when they disseminated results from the lesson study. With the segments relating to the writing sessions of the submitted article, we sought to find out the main perceptions of the PTs regarding their participation in the lesson study, which allowed us to conclude about the aspects that they highlighted from the whole experience.

The lesson study

The lesson study began after the researcher contacted the supervisor teacher from a higher education institution which ensured the collaboration of the cooperating teacher from elementary school. It was integrated into the Supervised Teaching Practice activities, taught by the supervisor teacher, and took nine face-to-face sessions, between September and December 2020. In the sequence, the team met in seven online extracurricular sessions between April and August 2021, to prepare the dissemination of the results.

The lesson study was structured according to the steps presented by [START_REF] Fujii | Lesson study and teaching mathematics through problem solving: The two wheels of a cart[END_REF]. In the first step [S1, S2], PTs decided on the topic for the research lesson. They took the decision based on the information provided by the cooperating teacher related to the students' most common difficulties in the previous year: " [They] showed difficulties with areas, due to the confinement [COVID-19 contingency], they were unable to work with manipulative materials" [S1]. Then, PTs solved problems related to area measurement, where they deepened formal and personal theories related to learning the concept of area. They considered goals for students introducing the concept of area and identified gaps between these goals and students' current knowledge. In the second step [S3, S4, S5, S7], the participants collaboratively planned the research lessons, namely, designing the task, anticipating the students' work, and preparing the teacher's action. After that, Catarina taught the first research lesson [RL1] and Belisa the second one [RL2]. The supervisor, the cooperating teacher, and the facilitator observed and collected data. The post-lesson reflection took place after each research lesson. At last, in S9, the team analysed students' productions collected in RL1 and RL2.

After those four steps, the team prepared the dissemination of the results achieved during the process. They chose to participate in a conference with oral communication and to submit an article to a professional journal in mathematics education. The oral communication' theme was chosen by PTs: "From the anticipation to the analysis of students' productions", basing their choice on their learning needs. All PTs' research activities were supported and closely supervised to lead them to formulate appropriate questions and to prepare and collect data properly. During the preparation of the dissemination process, the PTs selected and analysed students' written productions. After that [S10 to S12], the team viewed RL video segments and discussed photos and writing productions referring to situations previously selected. Catarina and Belisa wrote a report with the main conclusions, where they compared students' responses with anticipated responses in the lesson plan [S12]. In the next two sessions [S13, S14], the PTs built and rehearsed a presentation. Then, the PTs presented the oral communication at the conference. Finally, the facilitator and the PTs wrote an article to be submitted to a professional journal for sharing practices in mathematics education [S15, S16].

Results

When the PTs selected students' written responses, they considered a significant diversity of students' reasoning processes, contemplating strengths associated with the learning of the concept of the area but also considering incorrect solutions:

Catarina:

We tried to look for different solutions… Belisa:

[We considered] strategies' diversity and openness of the questions, which called for justification, and we tried not to repeat productions by the same students. [S10]

In the report of the PTs, written between S10 and S11, both Catarina and Belisa evidenced that they knew how to interpret the processes used by the students, showing, for example, the use of successive addition and the double-half relation as a solution strategy. They also showed to know learning styles related to how to introduce the concept of area, using this knowledge to interpret the processes and representations used by their students:

Four groups [of students] counted from 1 to 1, one group used successive addition by 6 and by 4 … Two groups used the multiplication of rows by column, and visualized on the squared paper sheet, whose strategy was not included [in the lesson plan]. The difficulties we noticed were in paving the puzzle since there were many squares, as well as in the representation. [Catarina's report,S11] To justify their answer, group 1 used successive addition…. To represent the count of rectangles, they used the number 2 and added it 22 times. Although this last calculation is incorrect, it was clear that the students wanted to show that the number 2 corresponds to a rectangle that is formed by 2 squares. Group 2 made groupings of 2 squares to count the rectangles and, to justify the counting of squares, they added the number of rectangles twice, which means that they understood the double/half relation between the two units of measurement. [Belisa's report, S11]

Catarina compared students' work in RL1 with the lesson plan, identifying emergent solving strategies, such as multiplication. In her justification, she showed to know the characteristics of the concept of area to interpret cognitive structures used by students, but also to know how to anticipate the processes that the student could use at that moment:

Catarina: Two groups also used strategies that were not anticipated, using multiplication … Multiplication was taught the day before, we did not expect them to use it as a counting strategy. Analysing students' production led us to reflect on the plan constructed.

[Conference oral communication]

Beyond the solving strategies, Catarina also reflected on students' representations:

Catarina: There were students who, although they had no difficulties in paving the puzzle, felt difficulty in representing it on the paper sheet. [Conference oral communication] Belisa also reflected on the students' work in RL2, comparing it with the lesson plan. She showed to know area properties, as well as cognitive structures associated with learning this concept: Belisa:

Two groups concluded that only Guilherme [character from the task] was right [incorrect answer], counting squares one by one. They didn't understand that there were two different measurement units, so they didn't consider that Filipa [character from the task] was also right, a difficulty that had been anticipated in our plan. Most students understood that there were two different measurement units of area and that the rectangle corresponded to two squares.

[Conference oral communication]

In S11, the participants used video segments from the research lessons, edited by the facilitator, to illustrate the situations selected by the PTs. The use of video recordings allowed the PTs to deepen their understanding of the strategies used by the students that, otherwise, would not be explicit. That was the case as they observed how students proceeded to count. The video recordings also helped the PTs to better understand the students' difficulties:

Catarina:

As you can see in the video record, I told them to try to pave again, without overlapping squares. They counted the squares by column and row to figure out the mistake. Belisa:

In the video examples, the students grouped the squares using two columns to count. Since the number of columns was odd, in the last column he had no way to do groups of 2, so, he only counted 20 rectangles. The counting strategies we anticipated in the RL2 lesson plan could also have been more complete.

[Conference oral communication]

During two online sessions [S15, S16], the facilitator guided the PTs to reflect on their perception of their participation in the lesson study. This session was recorded and later transcribed by the facilitator to support the writing of the article in the following session. The supervisor and the cooperating teacher suggested changes before the submission and then the article was published in 2022. Next, we highlight the following ideas arising from the process of writing the article.

1) The PTs admitted they felt uncomfortable in S1:

Catarina: I felt … uncomfortable. I wasn't prepared, I thought it was a project presentation meeting and it turned out to be a session where we solved tasks … Since I couldn't prepare myself, I started on the wrong foot.

[S15]

Belisa:

The first two sessions were like a diagnosissaid Belisait was as if I was evaluating myself: "If I don't know, I'll have to study this and then teach it to the students".

[S15]

2) The PTs highlighted the collaborative environment in which the sessions took place. On the one hand, it allowed participants to share their experiences, and, on the other hand, it was a way to share responsibility in the preparation of the RL, increasing security and confidence for them to teach it:

Belisa:

The selection of strategies for solving the tasks was very important, but the most important thing was the organization, the construction of the lesson plan, and sharing and discussing ideas among all.

[S15] Catarina:

The fact that we were all for the same thing gave me strength for the RL. We must think and plan the lesson, its beginning, middle, and end [S15]

3) The PTs mentioned that the moment of dissemination of the results allowed them to deepen the analysis of the student's responses and that they felt valued by sharing, for a broad audience, their results on the practices they Both PTs highlighted this moment as an enriching experience from which they left, professionally valued for feeling the peers and validation of the professional community, but, above all, because when researching their practice, they came to understand this practice better. Belisa and Catarina, respectively, reflected:

Belisa: It was useful for us to talk about things we didn't discuss at the meetings [S1 to S9], such as the analysis of some [student] productions. The anticipation of students' work helped us to analyse their productions. Some solutions were not anticipated in the plan which surprised us … We weren't expecting them to use multiplication because it hadn't been taught yet. Moreover, then, it was my first experience doing oral communication at a conference, and all the preparation, how to do it, and how to stand. [S15] Catarina:

It was an opportunity to show the work and inspire. I received a message from a colleague who attended and gave me very positive feedback. [S15]

Conclusion

During the lesson study, Belisa, and Catarina collaboratively prepared, taught, and reflected on two research lessons, focusing on students' difficulties related to the concept of area. Throughout that process, they also participated in disseminating the results and conclusions obtained, discussing their findings with an audience, which required committed preparation. Although the four steps [S1 to S9] identified by [START_REF] Fujii | Lesson study and teaching mathematics through problem solving: The two wheels of a cart[END_REF] contained reflection moments, these were insufficient to address the difficulties of PTs concerning the analysis of students' learning. As the PTs highlighted, these difficulties were mostly overcome during the sessions to prepare the dissemination.

The results showed the benefits of involving PTs in preparing and presenting lesson study results. First, during the process, they developed their knowledge about students' learning related to interpreting: (i) strengths and weaknesses associated with students' learning; (ii) processes used by students using their responses; (iii) students' responses in comparison with expected responses in the lesson plan, and (iv) emergent students' solving strategies. These results fit with the view of [START_REF] Darling-Hammond | Defining teaching quality around the world[END_REF] who indicates that researching on practice is a way to better access students' learning styles.

Second, findings also suggested that the analysis of the students' learning data was enhanced with the use of video recording, allowing PTs to contrast students' written productions with other strategies they used in research lessons. So, this resource, as [START_REF] Leavy | Using lesson study to support knowledge development in initial teacher education: Insights from early number classrooms[END_REF] point out, should be considered in future lesson studies.

Third, the results show that the PTs valued the experience relating to the oral presentation of communication, which from their perspective enriched them professionally. In addition, PTs' perceptions of their participation in the lesson study process are in line with the research findings that highlight the value of collaborative work [START_REF] Norton | The role of collaborative planning: How to use joint planning as a learning process in lesson study[END_REF], facilitated by lesson study [START_REF] Helgevold | International changes and approaches in initial teacher education[END_REF].

The results exposed a constraint related to the importance of clarifying the purpose and expected role of PTs during lesson study. Therefore, this information is essential to prevent possible discomfort that PTs may feel when faced with the tasks that they are required to carry out during the lesson study, as pointed out by Catarina and Belisa.

We conclude that, even though lesson study in an initial teacher education program is a complex process that requires careful preparation, it may encourage PTs to research their practice, particularly during their supervised teaching practice, and, throughout this activity, to expand their knowledge of students' learning processes.
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