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Mathematics teacher's practices and conceptions about modeling

Context and research framework

French school curricula now advise a skill-based approach where the teaching of mathematics is structured around 6 key skills: researching, representing, reasoning, calculating, communicating, and modeling. This last skill has appeared very recently in French programs. In addition, international prescriptions as well as specifications of the PISA 1 and TIMSS 2 surveys on educational achievements give it certain legitimacy. Indeed, modeling has become a central applicative mathematical exercise for the training and assessment of the mathematical literacy of students around the world. The United Nations Educational, Scientific and Cultural Organization (UNESCO) associates it with a "quality mathematical education" which must "in particular enable students to grasp the power of mathematics as a modeling tool to understand and act on the world" (2011, p. 5). Likewise, PISA associates it with a mathematical culture where "the cycle of mathematical modeling is central to the conception of students as actors in problem solving" (OCDE, 2017, p. 66).

However, a contrast persists between the institutional prescriptions and the ability of teachers to grasp the teaching of this new skill. Indeed, for more than 30 years, numerous works in the field of mathematics education tend to show that secondary school teachers generally share a limited and incomplete epistemological understanding of this object of study [START_REF] Crawford | Supporting prospective teachers' conceptions of modelling in science[END_REF][START_REF] Henze | Science teachers' knowledge about teaching models and modelling in the context of a new syllabus on public understanding of science[END_REF][START_REF] Justi | Science teachers' knowledge about and attitudes towards the use of models and modelling in learning science[END_REF][START_REF] Justi | Teachers' views on the nature of models[END_REF][START_REF] Smit | Models in physics: Perceptions held by final-year prospective physical science teachers studying at South African universities[END_REF][START_REF] Van Driel | Experienced teachers' knowledge of teaching and learning of models and modelling in science education[END_REF]. In addition, the emergence of this new skill is more generally accompanied by a change in the way to teach mathematics: the inquiry-based approach, more commonly used, and of which modeling is one step, sets up experimentation in mathematics classroom and most often leads the teacher to adopt a constructivist pedagogy. However, studies show how difficult it is for teachers to implement modeling approaches from a constructivist perspective where students are intellectually engaged in the construction of models [START_REF] Henze | Science teachers' knowledge about teaching models and modelling in the context of a new syllabus on public understanding of science[END_REF][START_REF] Justi | Science teachers' knowledge about and attitudes towards the use of models and modelling in learning science[END_REF]Van Education -2nd -5th February 2022-Bolzano Verloop, 2002). Similarly, more recent work seems to indicate that the School, as an institution, would not have enough means to optimize the work of the modeling skills by the students [START_REF] Hernandez-Martinez | Science Capital, Habitus, and Mathematical Modelling Practices in the Field of University Education[END_REF]. [START_REF] Frejd | Teachers' Possibilities to Generate Science Capital for Modelling[END_REF] thus suggests that teachers presenting a priori the best aptitudes to teach mathematical modeling would be in possession of an important scientific capital.

In 2021, a nationwide survey enabled us to collect data from which we could identify difficulties, epistemological conceptions, teaching strategies and needs of 748 French secondary school mathematics teachers. A preliminary analysis of the results of this survey is presented in this paper. Its overall objective is to identify the difficulties experienced by teachers about modeling practices, and to attempt to define what characterizes teachers experiencing the most difficulties, as well as those who feel they have little within this large sample.

Teachers and modeling: a short literature review

A review of the literature over the past 20 years shows that modeling in the mathematics classroom is a source of tensions and uncertainty for teachers. As suggested by [START_REF] Roy | Les modèles et la modélisation vus par des enseignants de sciences et technologies du secondaire au Québec[END_REF], teaching practices can be analyzed from the angle of two dimensions: a logistical dimension, which questions the use of models and modeling by teachers, and an epistemological dimension, which questions the conceptions and meanings they attribute to these objects of study. The following short literature review proposes a research exploration through these two dimensions.

Logistical approach to modeling by teachers

Numerous works show that the applicative dimension of modeling is a source of constraints for teachers. Several findings are frequently established by research: (1) generally, modeling requires a greater investment for teachers compared to pure mathematical knowledge, they feel uncomfortable and inexperienced in dealing with problems arising from subjects and disciplines outside their field of expertise; (2) assessing the progress and mastery of students engaged in modeling is often complex and requires a set of skills that most teachers do not have, or do not feel they have; (3) modeling and its applications make math classroom more difficult to manage, less predictable and much more demanding; (4) teachers also often report a lack of time and space to include applications and modeling in already crowded curricula; and (5) modeling and its applications maintain links with other taught disciplines, which results in a difficulty in locating this competence in mathematics teaching [START_REF] Blum | Quality teaching of mathematical modelling: What do we know, what can we do[END_REF][START_REF] Burkhardt | Modelling in mathematics classrooms: Reflections on past developments and the future[END_REF][START_REF] Kaiser | Modelling in lower secondary mathematics classrooms -Problems and opportunities[END_REF][START_REF] Maaß | Barriers and opportunities for the integration of modelling in mathematics classes: Results of an empirical study[END_REF].

Epistemological approach to modeling by teachers

A second step therefore consists in questioning teachers' epistemological conceptions and perceptions about modeling. We first focus on those of researchers. These are generally composite as Beckschulte points it out: "There is a wide range of different notions on the definition of modelling competency in the international discussion" (2020, p. 130). Indeed, modeling is generally described as a cyclical process where several sub-skills are mobilized and are intertwined through specific links. However, research shows a coexistence of theoretical outputs of these modeling cycles [START_REF] Schupp | Applied mathematics instruction in the lower secondary level-Between traditional and new approaches[END_REF][START_REF] Blum | Modellieren im Unterricht mit der "Tanken"-Aufgabe[END_REF][START_REF] Maaß | What are modelling competencies?[END_REF][START_REF] Kaiser | Complex modelling problems in co-operative, self-directed learning environments[END_REF].

In addition, this procedural way of defining modeling requires certain knowledge of sub-skills and related concepts (mathematizing, problematizing, etc.). However, several empirical studies show that there are potential epistemological blockages for teachers in each of the modeling sub-skills [START_REF] Galbraith | A framework for identifying student blockages during transitions in the modelling process[END_REF][START_REF] Stillman | Applying metacognitive knowledge and strategies in applications and modelling tasks at secondary school[END_REF][START_REF] Stillman | Identifying challenges within transition phases of mathematical modeling activities at year 9[END_REF]. Moreover, as Roy and Hasni point out: "Models are numerous and diversified because of the multiple phenomena they can explain and the diversity of modes of representation (concrete material, written language, mathematical symbols, gestures, etc.)" (2014, p. 351). Thus, on the one hand, the concept of model is polysemous, but the modeling process that it induces can itself be a source of variable interpretations. The study by [START_REF] Roy | Les modèles et la modélisation vus par des enseignants de sciences et technologies du secondaire au Québec[END_REF] suggests that this complexity tends to reinforce pre-existing epistemological tensions in teachers. They note that "secondary school teachers consider models as exact representations of reality" or that "the heuristic function and the predictive function of models are rarely mentioned" (Roy & Hasni, 2014, p. 350). Moreover, more recent work suggests that these epistemological tensions could be vectors of inequalities within our institutions. Indeed, mathematical modeling is an activity in which everyday problems are solved using mathematical tools. It gives life to a duality, as Vos et al. (2020, p. 34) suggest: "(1) school-based modelling activities offer a window on the world beyond school and (2) the world beyond school offers a window on the use of schoolbased mathematics in practical situations". This duality makes mathematical modeling an activity typically affected by the world beyond educational institutions.

The concepts of model and modeling thus seem to maintain epistemological ambiguities which lead to limitations and misconceptions in teachers. However, this epistemological complexity is only a part of the issues raised by the research. Indeed, the use and application of models can also prove to be a source of difficulties for teachers.

Research questions

This literature review puts into perspective two kinds of difficulties related to modeling: epistemological on the one hand, because the model and the modeling process are subject to ambiguities and misinterpretations due to their polysemy and polymorphism ; logistic on the other hand, because this competence newly integrated into the program would generate a profusion of resources and sub-skills compared to the other key skills that appear to teachers more naturally in line with the nature of mathematics teaching. Based on these various observations, we wanted to carry out an inventory of modeling practices in mathematics classes in France by exploring the following research questions: (1) Which specific difficulties do mathematics teachers share about modeling practices, and what is the nature of these difficulties? (2) What salient features characterize teachers who consider themselves as struggling and those who consider themselves competent to deal with the modeling skill?

Methodology

Coordinated work with school inspectors allowed us to spread a digital survey form throughout France. 748 teachers responded to the survey. It should be noted that the majority of the sample is made up of professionals with confirmed expertise in teaching : 42% of them say they have between 10 and 20 years of experience, and 30.9% of them say they have more than 20 years of experience as a teacher. This form, intended for secondary school mathematics teachers, included 50 questions divided into 5 categories providing information on: (1) the teachers professional profile and his relationship to science culture, (2) their emotional relationships with mathematics teaching during his own schooling, (3) their mathematical teaching practices, (4) their understanding of modeling practices, (5) their intention to train to improve his skills related to modeling. The formulation of these questions is based on the literature review previously presented and the research hypotheses they raise. For example, the hypothesis raised by Vos et al. (2020) which suggests a link between teachers' scientific capital and their level of knowledge on modeling was experienced by testing the independence between variables allowing to qualitatively assess the self-reported level of scientific culture of a teacher and other variables allowing to qualitatively assess their epistemological conceptions on modeling. Responses to those questions are expressed as discrete quantitative variables collected using Likert scales.

Two statistical approaches are used for data analysis. The first approach, that we call pragmatic, consists in identifying remarkable proportions and percentage points. The initial function of this first approach is heuristic: it should make it possible to establish an overview of the data and initiate the targeting of salient profiles. The second, in-depth, approach questions the dependency links between certain qualitative variables and consists of a series of statistical tests of Pearson's chi squared [START_REF] Pearson | On the criterion that a given system of deviations from the probable in the case of a correlated system of variables is such that it can be reasonably supposed to have arisen from random sampling[END_REF]. The qualitative variables involved in the independence tests are chosen according to the research hypotheses raised from the literature review. The data analysis will seek to test the following hypotheses: (1) A teacher with more scientific capital will tend to have fewer difficulties with modeling practices ; (2) If there is no epistemological conception shared by the majority of teachers, then one should observe a very heterogeneous distribution of teachers' choice regarding diagrams ; (3) Finally, we hypothesize that a majority of the teachers in the sample will experience logistical difficulties ("complex notion to grasp", "difficult to work in class" etc.)

Results

Pragmatic approach

A first series of remarkable proportions allows to appreciate the apprehension expressed by teachers about modeling activities. Asked about the difficulties experienced in class, 38% of respondents think that modeling is both a complex notion to grasp, difficult to work in class and that it is difficult to find relevant modeling activities for students. 77.54% of teachers also think that the initial training of teachers does not prepare sufficiently for mastery of the modeling skill and that it would be relevant to offer in-service training to teachers in this regard. Among them, 81.37% believe that their own initial training did not adequately prepare them for mastering this skill. Asked about their epistemological conceptions, only 6.4% of teachers chose exactly diagram A and activities A and E. Among them, 18.6% considered themselves competent, 37.2% considered themselves rather competent, and 44,18% consider themselves rather incompetent to deal with modeling in their classes. The distribution of the choice of activities shows a significant heterogeneity of epistemological conceptions: 16.84% of the responses are classified [+++], 34.48% [++], 20.32% [+], and 28.34% [-]. A similar observation is possible by considering the distribution of the choice of diagrams: 34.63% of teachers choose the diagram corresponding to the Blum and Leiß modeling cycle, 25% choose its incomplete version, 35.43% choose one of the two off-topic diagrams, and 4.95% are left blank.

In-depth approach

The in-depth approach to the data consists of a series of statistical tests of independence between certain qualitative variables in order to test the working hypotheses explored above. A 5% margin of error is set and H0 is the independence hypothesis. A summary Table 1 

Discussion and conclusion

Pragmatic analysis of the data reveals that a significant portion of teachers express some apprehension about modeling practices. It also reveals that most of them feel that they have not been adequately prepared to master this skill and would agree to make a training effort to achieve this. However, it seems important to note that just under half of teachers who seem a priori having correct epistemological conceptions do not consider themselves competent. The main result of this first approach shows that there is a very important heterogeneity of epistemological conceptions: the activities A and E were chosen more often than the others (respectively 371 and 455 times). Intuitively this could be an encouraging result, but the possibility of multiple choice overturns this intuition and shows that teachers can also choose one or more of the off-topic activities in addition to the activities deemed relevant. Finally, for the choice of activities, only 51.33% of the answers are at least classified [++]. The distribution of the choice of diagrams leads to a similar observation: although diagram B was statistically more often chosen than the others, a quarter of respondents have chosen its incomplete version, thus neglecting the cyclical nature of modeling, and 35, 44% chose one of the off-topic diagrams. Teachers therefore face epistemological and logistical difficulties of various kinds, which answers our first research question.

In-depth analysis of the data shows that some initial research hypotheses might be inconsistent: the choice of diagram or activity does not appear to be correlated to the teacher's experience or scientific capital. However, this conclusion should be interpreted with caution as the level of scientific literacy of the teachers was the subject of a personal and subjective assessment of the teachers themselves. On the other hand, statistical tests reveal that teachers who consider themselves competent have a resolutely positive approach to the competence of modeling: they do not consider it necessarily complex, nor particularly difficult to work in class, do not seem to have difficulty finding relevant activities to experience in class, and also feel able to give it an accurate definition. However, there does not seem to be any dependency between teacher's perceived skill level and the choice of activities or of the diagram: a teacher who considers himself competent will therefore have a positive attitude towards modeling and yet he will not be statistically better able to choose the most suitable activities or the most relevant modeling cycle. Which answers our second research question.

In conclusion, this work significantly reinforces the observations and hypotheses raised by research about modeling over the past 20 years. The epistemological conceptions of teachers are generally incomplete, and sometimes irrelevant, and their ability to recognize a relevant modeling activity is not proven. Even more worrying, teachers who consider themselves competent to deal with this competence might neither be in possession of adequate epistemological conceptions nor be able to clearly identify a relevant modeling exercise. And conversely, less than a quarter of teachers who a priori have the appropriate epistemological representations would consider themselves competent. These preliminary conclusions suggest important needs for the pre-and in-service training of teachers to enable them to engage in an appropriate epistemological reflection on modeling.

  Two qualitative variables are retained in order to categorize epistemological representations of teachers on modeling, they are called[diagram] and [activity]. The variable [diagram] provides information on the choice of one diagram among 4, each one representing a theoretical modeling cycle. The possibility is left to the teachers to choose the diagram which seems to them the most relevant, or none. One of these diagrams (B) is inspired by the Blum and Leiß modeling cycle, a second (D) is an incomplete version of this same diagram where the heuristic and the predictive functions of models are absent, and two others (A and C) are off topic. The [activity] variable provides information on the choice of one or more mathematical exercises among 5. The choice is left to teachers to choose several activities according to what they consider appropriate for working on modeling in a classroom. Two of these activities (A and E) theoretically allow the work of all the sub-skills expected in the Blum and Leiß modeling cycle, the other three (B, C, D) are classical algebra exercises, hence off-topic. The answers are categorized into 4 qualitative classes according to the activities chosen. These four classes represent the modalities of the variable [activity] : [+++] the teacher has chosen exactly the most suitable activities (A and E); [++] the teacher has chosen only one (A or E); [+] the teacher has chosen at most one off-topic activity AND one of the two adapted activities; [-] the teacher has chosen more off-topic activities than relevant ones OR the teacher has chosen only off-topic activities.

Table 1 : Statistical impedance test results
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