Luciana Vieira Andrade 
  
Hélia Jacinto 
  
Rúbia Barcelos Amaral 
  
Mathematics teacher knowledge activated when choosing a textbook

Keywords: Choice of textbook, teaching knowledge, didactic knowledge, mathematical knowledge for teaching, mathematical concepts and processes

Research on Mathematics Textbooks (TB) and teacher education has been developed from various perspectives and different theoretical lenses. However, the connections between teacher education and the teachers' choice of mathematics TB are still not sufficiently understood. Bearing this in mind, and considering that, in Brazil, the TB is a widely used resource in schools, this qualitative study aims to identify which aspects of the teachers' knowledge are activated when choosing the mathematics TB. The data, produced through questionnaires and interviews, were analyzed from the lenses of the teachers' didactic and teaching knowledge. In addition to mathematical knowledge for teaching, which mainly encompasses mathematical concepts and processes, there are other aspects of teachers' knowledge activated in this pedagogical action that are regarded as fundamental and stem from initial and continuous teacher education.

Introduction

The Textbook (TB) has been investigated from multiple perspectives [START_REF] Amaral | Livro Didático de Matemática: compreensões e reflexões no âmbito da Educação Matemática[END_REF]. According to [START_REF] Fan | Textbook research as scientific research: towards a common ground on issues and methods of research on mathematics textbooks[END_REF], the international scientific community of Mathematics Education has been paying increasing attention to TB in recent decades. Topics such as the role of TB, analysis and comparison of TB [START_REF] Charalambous | A comparative analysis of the addition and subtraction of fractions in the textbooks from three countries[END_REF]Litoldo & Amaral-Schio, 2021) and the use of TB by students or teachers [START_REF] Remillard | Examining key concepts in research on teachers' use of mathematics curricula[END_REF] are frequent in the literature, as shown by [START_REF] Fan | Textbook research in Mathematics Education: development status and directions[END_REF]. In addition, the content and types of tasks by TB have also been addressed by researchers [START_REF] Amaral-Schio | Livro Didático de Ensino Médio, Geometria e a Presença das Tecnologías [High School Textbook, Geometry and the Presence of Technologies[END_REF].

In Brazil, TBs have been widely used by students and teachers. In public schools, the TB is chosen by the teacher, through the National Textbook Program (PNLD). The PNLD is a public educational policy created in 1985 to manage these materials, as a result of other Brazilian policies on TBs that have existed in the country since 1930. That program has undergone changes over time and remains until today, involving a significant amount of human, material, and financial resources for the production, evaluation, and distribution of the TB, and, according to Mazzi and Amaral-Schio (2021, p. 88), it has "direct implications to the current textbook editions".

Undoubtedly, TB play a relevant role in organizing, structuring, presenting, and communicating the mathematical concepts and problems studied in school [START_REF] Lajolo | Livro Didático: um (quase) manual de usuário [Textbook: a (almost) user manual[END_REF]. As a result, their use is essential for students and teachers. Teachers play a fundamental role in the school environment and their work demands more than the specific knowledge of the teaching area to which they are dedicated. In Brazilian public schools, after choosing and receiving the TB, the teacher will use it for the next four school years1 , according to the PNLD; therefore, it is important that they understand very thoroughly the criteria to be used when deciding on the TB suitable to their students.

This study is part of a broader research project that aims to identify connections between teacher education and the process of choosing the TB, from the perspective of mathematics teachers in a Brazilian public education network. In particular, this paper reports on a study that aims to identify which aspects of teachers' knowledge are activated when choosing mathematics TB.

Theoretical framework

Analyzing the influence of formative processes on TB choice involves several aspects. The present study aims to map the knowledge that teachers themselves consider relevant in the TB choice process, as well as the origin of such knowledge. The following sections present and discuss the different types of teacher knowledge based on the perspective of [START_REF] Tardif | Saberes docentes e formação professional[END_REF], and, particularly for the field of Mathematics Education, the didactic knowledge of mathematics teachers as established by [START_REF] Ponte | Estudando o conhecimento e o desenvolvimento profissional do professor de matemática[END_REF] is used to identify the nature of teaching knowledge mobilized in this choice.

Teaching knowledge

There are several sources of teaching knowledge. Tardif (2014, p. 36) understands "teaching knowledge as a plural knowledge, formed by the amalgam, more or less coherent, of knowledge arising from professional training and disciplinary, curricular, and experiential knowledge". According to the author, teaching knowledge comprises several other types of knowledge, and teaching practice refers to the articulation between them. This research discusses the different types of teaching knowledge, especially focusing on those activated when choosing a mathematics TB.

Professional knowledge comes from professional training, developed in teacher education institutions. According to [START_REF] Tardif | Saberes docentes e formação professional[END_REF], it is the "knowledge intended for the scientific or erudite training of teachers" (p. 37). It also includes pedagogical knowledge, which concerns the know-how, that is, the teaching methods validated by the teacher education institutions. The disciplinary knowledge corresponds to the various fields of knowledge found in the disciplines offered by universities, independent of the educational sciences. It is the knowledge of the cultural tradition, and it is found in the materials produced by the university institutions. Curricular knowledge originates from school institutions, i.e., discourses, objectives, contents, and methods implemented by schoolwork. It entails formal knowledge articulated with school practice. Experiential knowledge is attained through teaching experience, developed directly by means of the relationships with students and the exchange with peers. It is specific to professional attributions and is validated by experience. In [START_REF] Tardif | Saberes docentes e formação professional[END_REF] view, experiential knowledge is formed by all the other types of knowledge and developed in everyday teaching grounded on permanent reflections about the teaching practices.

Tardif's perspective allows to analyze the origin of the several type of teacher' knowledge, in general. However, the research reported here is focused on the knowledge that Mathematics teachers activate when choosing a TB. According to [START_REF] Ponte | Estudando o conhecimento e o desenvolvimento profissional do professor de matemática[END_REF], didactical knowledge for teaching it is a particular professional knowledge of mathematics teachers, since it concerns a specific social group. Therefore, besides examining the origin of the knowledge mobilized by the mathematics teachers from Tardif's perspective, the nature of that knowledge was also analyzed based on Ponte's theoretical model concerning the mathematics teacher didactical knowledge.

Mathematics teachers' didactical knowledge

The quality of mathematics teaching is directly associated with the appropriate mathematical education of teachers, combined with their human and professional qualities. Hence, to look at the teacher's didactical knowledge means understanding their way of thinking and their relationship with professional practices. [START_REF] Ponte | Estudando o conhecimento e o desenvolvimento profissional do professor de matemática[END_REF] goes beyond simply exploring the origins of the knowledge required for a teacher's profession and, instead, aims to comprehend the essence of this professional knowledge with a specific focus on teaching practice.

According to [START_REF] Ponte | Estudando o conhecimento e o desenvolvimento profissional do professor de matemática[END_REF], the mathematics teacher didactical knowledge comprises: mathematical knowledge for teaching, knowledge about the students and their learning, knowledge of the curriculum, and knowledge of teaching processes in the classroom. Mathematical knowledge for teaching refers to the perspective that the teacher assumes in relation to school Mathematics. It relates to the internal and external mathematical connections, either as an integrated or compartmentalized whole. This interpretation of mathematics by the teachers can make a difference in their work in face of the specificities of this area and, consequently, in the way the professional faces situations in what regards the teaching and learning processes. Knowledge about the students is related to the educator considering them as subjects, endowed with subjectivity, values, beliefs, and cultural references and the way students learn. Knowledge of the curriculum is related to the school management performed by the teacher. This implies clarity about the purposes of their work, the management of content and materials available as well as the most relevant assessment process to use with their students. The fourth aspect considered by [START_REF] Ponte | Estudando o conhecimento e o desenvolvimento profissional do professor de matemática[END_REF] concerns the knowledge of teaching processes in the classroom. It contemplates knowledge for conducting mathematics classes, which includes a deep understanding of the teacher's pedagogical work and involves planning lessons, creating engaging activities, and implementing effective mechanisms for monitoring and evaluating students' learning.

Overall, the mathematics teacher relies on these aspects of knowledge to regulate the teaching and learning process. While these aspects may seem distinct from one another, they are, in fact, intertwined and consistently present in a mathematics teacher's professional practice, i.e., "school mathematics is present, goals and curricular priorities are present, the vision of the student and the way he or she learns is present, as well as the knowledge of ways of working, resources and forms of practical action by the teacher" (Ponte, 2012, p. 89).

Tardif and Ponte have both contributed to our understanding of teaching knowledge, but through different frameworks. Tardif's work explores the origins of teaching knowledge in any area and its various forms, while Ponte's theoretical model focuses specifically on the nature of a mathematics teacher's knowledge and its connection to teaching practices in this subject area. Despite their distinct perspectives, these frameworks complement each other and may contribute to a more comprehensive understanding of the knowledge that teachers activate when choosing the mathematics TB.

Methods

The present research has a qualitative nature, mainly due to the central interest in broadening the understanding on the attitude of Mathematics teachers from a public state education network in Brazil, concerning the choice of TB. From a descriptive and interpretive standpoint, the choice for this group of teachers is supported by the fact that the first author acts as a teacher in this educational network and develops teacher education actions with the local Education Secretariat2 . The authors are interested in studying the perspective of public-school teachers on the choice of Mathematics TB.

To understand the phenomenon under study, data was gathered by means of questionnaires (08/2021) and semi-structured interviews (08/2022), composed of open and closed questions, which were elaborated and applied virtually to Mathematics teachers of the mentioned public education network.

The questionnaire was composed of two forms: BLOCK 1 allows to trace a profile and the professional experience of the participants, and BLOCK 2 includes questions about the choice of TB, both with an introductory text that informed about the questionnaire's purpose and to whom it was addressed. The contact of the first author with the Education Secretariat made it possible for the questionnaires to be sent by email from that Secretariat, in pdf format and Google Forms links. A total of 33 teachers answered the questionnaire. Through Google Meet, individual interviews were conducted with 6 of the teachers who answered the questionnaire and work in the largest city of the region considered. The interviews lasted an average of 40 minutes each and were recorded and transcribed using Word online resources, from which the analysis was performed. The interview questions dealt with the teachers' conceptions about the TB and, mainly, the knowledge they consider to have activated when they chose the TB they would like to use with their students.

For the qualitative data analysis, the origins of teachers' knowledge were traced based on [START_REF] Tardif | Saberes docentes e formação professional[END_REF] proposal, and the features of mathematics teachers' knowledge mobilized in the choice of TB were identified based on [START_REF] Ponte | Estudando o conhecimento e o desenvolvimento profissional do professor de matemática[END_REF] framework, focusing on mathematical knowledge for teaching. Thus, in the light of the theoretical references considered, the teachers' responses to the questionnaires and interviews were analyzed through multiple readings of the forms and transcripts, with central attention to the knowledge that they reported having activated in the choice of TB, identifying the origin and nature of such knowledge. Finally, possible relationships between the data were perceived using categories established from theoretical models and, later, from empirical data.

Results

Regarding the profile of the participants, the study enrolled 13 women and 20 men, 94% over 35 years old and 66.6% have more than 10 years of experience. Of the respondents, 23 (69.7%) have two jobs and 8 (24.2%) perform another paid activity besides their educational career. In respect to their level of education, most participants hold a specialization degree, as reported by 54.5% of the teachers. In terms of their graduation institution, 78.7% graduated in a public university and 60.6% took their post-graduation program in a public institution. Of the total, 30 are Mathematics graduates.

In the questionnaire (BLOCK 2) and in the interviews, the participants were asked about the knowledge they considered to have mobilized when choosing the TB. The 31 respondents in BLOCK 2 mentioned, among other options: knowledge from professional experience (24), knowledge from continuing education (16), pedagogical knowledge (16), knowledge from initial education (13), and knowledge from the area of mathematics ( 27). Furthermore, in the interviews, the answers to this question indicated knowledge derived from initial education (professional and disciplinary), continuing education (curricular), and professional experience. The following sections present evidence of the knowledge that the teachers indicated they had used in choosing the Mathematics TB, under the theoretical lens of Tardif and Ponte, respectively.

Teaching knowledge mobilized when choosing a Mathematics TB

When asked about the knowledge they used when choosing the TB, the teachers answered that they had articulated a variety of knowledge aspects in this teaching action. The data collected through the interviews show a certain diversity in the origins of such knowledge, especially indicating that it would come from initial education, continuing education, and teaching experience. Some teachers pointed out that they needed knowledge developed during their initial education. The teacher T1 3 answered that she used knowledge beyond the one specific to her teaching area, i.e., knowledge related to teaching methods, acquired in the initial education (graduation course), saying that "in addition to the concept of Mathematics, it is in the graduation course that we learn about didactics, isn't it? Methodology and practice". Therefore, the teacher reported the use of professional knowledge to choose the TB. On the other hand, T2, indicated the use of knowledge arising from disciplines other than educational sciences. Thus, knowledge from initial education is also activated in the choice of the TB; however, in the realm of disciplinary knowledge. The account "after we start the graduation course, we start to stablish relations, like, between a function and other areas, [...] I used more Physics" indicates the importance of associating knowledge from different areas.

Regarding continuing education, T3 claimed that: "the municipality offers teachers courses to provide them with knowledge to choose a TB that is consistent with the students' reality". This teacher also emphasized the educational experiences provided by the Education Secretariat, publishing companies and authors: "I've already attended lectures [...] by the authors of the books justifying their choices and the municipality encourages the teachers to attend this kind of lecture". The curricular knowledge involved is related with the curricular documents addressed in such training sessions, since the publishers and authors seek to convince teachers that their TB meets the curricular standards.

In addition to the knowledge acquired from initial and continuing education, teachers also illustrated the knowledge associated with experience. T4 stated that some aspects of teaching practice are not covered in university and emphasized the fact that the teacher must use a variety of nuances and experiences "this is not addressed in university [...] because I think the Math teacher needs to discover Math [...] there are many things, there are several nuances, so you need to use your experience". This comment by T4 leads to consider that some issues and ways of managing situations in the teaching career are not part of the learning that occurs during the initial education but are 3 The terms T1, T2, T3, T4 and T5 indicate different teachers who participated in the study. necessary for the professional exercise of the teacher. From this perspective, this knowledge is developed during teaching practice, mainly through the relationships with peers and students, and comprises the other types of knowledge [START_REF] Tardif | Saberes docentes e formação professional[END_REF], that is, professional experience. Thus, experiential knowledge is also mobilized in choosing the TB.

In summary, these are evidences about the activation of several types of teacher knowledge when choosing a Mathematics TB. In relation to professional education, both knowledge from initial teacher education (professional and disciplinary) and continuing education (curricular) were pointed out by teachers when indicating the knowledge that they mobilized in this choice. Knowledge derived from the educational sciences, such as those related to methodologies, as well as from the possibility of relating different areas of teaching, that is, professional knowledge and curricular knowledge included into teaching practice, particularly in the choice of the TB.

Teacher's didactic knowledge mobilized when choosing a Mathematics TB

When asked about the knowledge they mobilized when choosing the TB, most of the participants, 27 teachers, indicated issues related to mathematical knowledge for teaching. Two aspects could be identified through the analysis of the teachers' accounts: mathematical concepts and processes.

Several teachers mentioned that they consider the correctness in the use of mathematical concepts and the way these are approached in the TB. Teacher T1 mentioned that she usually checks "the level of the activities, the way the TB addresses them, if it is presenting the concepts correctly". Teacher T5 pays more attention to the emphasis given to the concepts and if they are followed by explanation and justifications: "at least well-emphasized explanations [...] the concepts need to be emphasized". Some teachers expect the TB to present and explain the concepts to promote understanding instead of just illustrating mechanization procedures: "how is the book presenting the first-degree equation? Is it presenting the way I want or it is written there, like, move the number to the left or to the right? […] I want it to explain why. Mathematically, using the additive and multiplicative principles".

Additionally, the teachers emphasized the importance of observing topics related to mathematical processes, especially problem solving and mathematical connections (both intra-and extramathematical). Teachers mentioned that they observe if the problems involve contextualization, especially in order to get closer to the realities that students know and experience in their daily lives. In this sense, T2 claimed that the TB "brings problem situations, if not about the real world, the closer possible to the applicability, so that the students are able to understand". Still regarding this aspect, T5 stated that "if the books present [...] problem solving, [...] with contextualization" and T1 emphasized the importance of "infographic reading, within a proposal, inserting the students in the context of the question so that it makes sense to them and eventually promote understanding", showing concern about stablishing extra-mathematical connections. Teacher T2 mentioned possible intra-mathematical connections when commenting that "it is possible to address more than one unit of the book at the same time, for example, algebra, arithmetic and geometry, in an integrated way". This perspective suggests that these teachers do not regard mathematics as a compartmentalized subject, but rather as an interconnected whole, hence being crucial to recognize the connections within the subject area itself. In a similar direction, but signaling connections with other areas, T1 talks about his search for TB containing problems that would promote interdisciplinary activities.

In summary, the teachers analyze the mathematical concepts and the way these are presented in the TB, as well as the mathematical processes they consider most relevant, which indicates that they mobilize aspects of mathematical knowledge for teaching when choosing the TB.

Discussion and final considerations

The choice of mathematics TB, a process that occurs in Brazil through the PNLD, is a complex undertaking that demands a multifaceted knowledge from teachers. While having a strong grasp of the subject matter is essential, it alone is not sufficient for the effective performance of a teacher's duties. This highlights the intricate nature of the teaching profession. The findings of this study show that teachers draw upon a diverse range of knowledge when selecting Mathematics TB. This knowledge is derived from various sources, including both initial and continuing education, as well as their teaching experience, as depicted in Figure 1. The data revealed that teachers draw upon types of knowledge when selecting Mathematics TB. Specifically, professional knowledge, disciplinary knowledge, curricular knowledge, and experiential knowledge were all found to be important factors in their decision-making process. When considering their professional and disciplinary knowledge, the teachers highlighted the importance of the methodologies they learned during their undergraduate studies (initial education). They also emphasized the value of making connections with other areas of education, such as Physics, which they had developed during compulsory courses in their undergraduate degree program. In the scope of continuing education, teachers noted the contribution of curricular knowledge developed through participation in training sessions promoted by the education secretariat or by publishers. In these training sessions, curricular knowledge was broadened through discussions related to the mathematics curriculum and the way each TB proposes that the contents should be addressed in the classroom.

Regarding knowledge of mathematics for teaching, most of the teachers surveyed indicated that they analyze the way mathematical concepts and processes are presented in the mathematics TB. Specifically, the teachers emphasized the importance of accurate and thoughtful presentation of mathematical concepts, as well as clear justifications and explanations of mathematical notions. They emphasized the need to avoid overly mechanistic approaches in Mathematics education. Regarding the mathematical processes, problem solving was in evidence, and the teachers showed a preference for contextualized problems and tasks. In addition, teachers were also concerned with the intra mathematical connections, which involve the perception of relationships among the mathematical contents, as well as extra mathematical connections.

This study shows that teachers use a diversity of general and specific knowledge of Mathematics teaching in the process of choosing TB and that they are developed in various instances of their personal and professional lives. In the cases and context analyzed, initial and continuing education have contributed to the development of knowledge necessary for professional practice, with the prospect of an in-depth understanding of this phenomenon through the characterization of a web of relationships between teaching knowledge originating from education and the choice of the TB.
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 1 Figure 1: Multiple sources of knowledge activated in textbook choice

The process of evaluation and distribution of TB takes place in four-year cycles. Each year a level is evaluated: Kindergarden, Elementary School, Middle School and High School.
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