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We report the results of a research focused on studying what aspects of the instructional process prospective mathematics teachers relate to their reflections on the implementation of mathematical modelling in their didactic proposals. To do this, we used the construct Didactic Suitability Criteria proposed by the Onto-Semiotic Approach, which is the tool used by prospective teachers in their Master's Degree Final Projects to reflect on their own practice. In methodological terms, we carried out a content analysis of 122 Projects written during the 2019-2020 academic year, and whose implementation was performed in a virtual context due to the COVID-19 pandemic. Among the results, we stress that the prospective teachers related their comments on mathematical modelling mainly to the epistemic, affective, and ecological criteria of the implemented instructional process.

Introduction

There is a worldwide consensus on the development of competencies that involve the use of mathematics to solve real-world problems, among which mathematical modelling stands out [START_REF] Kaiser | Mathematical modelling and applications in education[END_REF]. This competence is considered as: a) a central aspect of PISA for problem solving (Organisation for Economic Co-operation and Development, 2019); b) a beneficial process for the learning of mathematics [START_REF] Blum | Can modelling be taught and learnt? Some answers from empirical research[END_REF]; c) essential to train individuals capable of linking their mathematical knowledge to contemporary needs [START_REF] Doerr | Models and modelling perspectives on teaching and learning mathematics in the twenty-first century[END_REF]. Some studies have been reported on the role of modelling in teacher training (e.g., [START_REF] Tekin | Arguments constructed within the mathematical modelling cycle[END_REF]among others), which are in line with the [START_REF] Maaß | Modelling in class: What do we want the students to learn?[END_REF] idea that it is not enough just to train teachers in modelling, but they must also experience it. Unlike such studies, the one here reported focuses on the reflection of prospective teachers on the implementation of modelling in their Master's Degree Final Projects (MFP).

In the Spanish context, prospective teachers must obtain a master's degree in order to teach mathematics at secondary and baccalaureate education, for which they must prepare an MFP. This is an original, autonomous, and individual work, which allows the student to show the training content received and the general competencies acquired during the master's program in an integrated way. Furthermore, it must contribute to reflect on and deepen the analysis of their own practice, making it possible to propose elements for its improvement. Thus, due to the importance of both modelling and teacher reflection within teacher training, this study raises the question: What aspects of the instructional process do prospective mathematics teachers relate to mathematical modelling when they reflect on its implementation? In order to answer it, we analysed the reflection that prospective teachers made in their MFPs on the design and implementation of their didactic proposals, in which they included the work with modelling. We analysed this reflection using the Didactic Suitability Criteria (DSC) proposed by the Onto-Semiotic Approach (OSA) [START_REF] Godino | The onto-semiotic approach to research in mathematics education[END_REF], which was the same tool used by the prospective teachers to reflect on their own practice.

Theoretical framework

Mathematical modelling

In general terms, the modelling process is understood as a transition between the «real world» and «mathematics» for solving a problem-situation taken from reality. At a theoretical level, different cycles have been designed to explain this process [START_REF] Borromeo | Theoretical and empirical differentiations of phases in the modelling process[END_REF], as well as different perspectives on its implementation in classroom have emerged [START_REF] Abassian | Five different perspectives on mathematical modeling in mathematics education[END_REF]. Since in this study we did not adopt any particular modelling cycle or perspective, we considered some consensual attributes that characterise both the work with this process in classroom and a modelling problem.

The work with modelling in classroom is usually carried out in small groups of students, to whom a real-world problem-situation is posed that they must mathematise [START_REF] Doerr | A modeling perspective on students' mathematical reasoning about data[END_REF]. Modelling activities involve a cyclical process, with different ways to obtain a plausible and coherent solution with the context of the situation posed [START_REF] English | Mathematical modelling with young learners[END_REF]. This problem must be open (not limited to specific answers or procedures), complex (useful information must be distinguished from the rest of the wording of the task), realistic (adding elements taken from reality), and authentic (a situation consistent with a fact from reality) [START_REF] Borromeo | Learning How to Teach Mathematical Modeling in School and Teacher Education[END_REF].

Didactic suitability criteria

In the OSA [START_REF] Breda | Características del análisis didáctico realizado por profesores para justificar la mejora en la enseñanza de las matemáticas [Characteristics of the didactic analysis carried out by teachers to justify the improvement of mathematics teaching[END_REF], the didactic suitability of a teaching-learning process is understood as the degree to which it (or a part of it) meets certain characteristics that allow it to be qualified as suitable (optimal or adequate) in order to achieve an adaptation between the personal meanings achieved by the students (learning) and the institutional meanings intended or implemented (teaching), taking into account the circumstances and available resources (environment). This multidimensional construct consists of six suitability criteria: epistemic criterion, to assess whether the mathematics that is taught is 'good mathematics'; cognitive criterion, to assess, before starting the instructional process, whether what is intended to be taught is at a reasonable distance from what the students know; interactional criterion, to assess whether the interaction solves students' doubts and difficulties; mediational criterion, to assess the adequacy of resources and time used in the instructional process; affective (or emotional) criterion, to assess the students' involvement (interest, motivation) in the instructional process; ecological criterion, to assess the adaptation of the instructional process to the educational project of the school, the curricular guidelines, the conditions of the social and professional environment, etc. Each of these criteria has its respective components, and its utility requires defining a set of observable indicators, which allow assessing the degree of suitability of each of the facets of the instructional process. The list below shows the components of each DSC with the codes used in this research to label them, based on the Breda and collaborators' (2017) guideline.

Epistemic:

Errors (ES1); Ambiguities (ES2); Richness of processes (ES3); Representativeness of the complexity of the mathematical object (ES4).

Cognitive:

Prior knowledge (CS1); Curricular adaptation (CS2); Learning (CS3); High cognitive demand (CS4). Interactional: Teacher-student interaction (IS1); Students' interaction (IS2); Autonomy (IS3);

Formative assessment (IS4). Mediational: Material resources (MS1); Number of students, class schedule, and conditions (MS2); Time (MS3).

Affective:

Interests and needs (AS1); Attitudes (AS2); Emotions (AS3).

Ecological: Curriculum adaptation (EcS1); Intra and interdisciplinary connections (EcS2); Social and labour usefulness (EcS3); Didactic innovation (EcS4).

In the OSA, mathematical modelling is considered as a hyper or mega process [START_REF] Godino | The onto-semiotic approach to research in mathematics education[END_REF], since it involves other more elementary processes (representation, argumentation, idealisation, etc.). Furthermore, within this framework, enhancing modelling is an aspect that improves the suitability of the instructional process [START_REF] Ledezma | Analysis of a preservice teacher's reflection on the role of mathematical modelling in his master's thesis[END_REF].

Methodology

In this study we followed a qualitative research methodology from an interpretative paradigm [START_REF] Cohen | Research Methods in Education[END_REF], which mainly consists of a content analysis [START_REF] Schreier | Qualitative Content Analysis in Practice[END_REF].

Research context

This research was carried out in the context of the Master's Program in Teacher Training for Secondary and Baccalaureate Education (mathematics speciality), taught by the public universities of Catalonia (Spain), during the 2019-2020 academic year. The master's program prescribes (within the Internships module) to carry out educational internships in collaboration with the institutions established through agreements with the universities. In these internships, the prospective teachers must design a didactic unit that they must implement, which is determined by the educational institution, the students' level, and the time of the school year in which they carry out their intervention. Because of this situation, the margin that a prospective teacher has to work exclusively on modelling in his/her didactic unit is subject to certain restrictions, but not in the redesign proposed in his/her MFP. Due to the lockdown because of the COVID-19 pandemic, the prospective teachers of this course had to implement their didactic units, either partially or totally, in a virtual context.

For the elaboration of a MFP, the DSC are presented to the prospective teachers, along with the Breda and collaborators' (2017) guideline that allows their application. With these tools, the prospective teachers are suggested to assess in their MFP the didactic unit that they implemented, so that they propose changes that can help improve the suitability of the instructional process. The structure of an MFP consists of five chapters: Introduction (institutional and curricular context of implementation), Implementation analysis (assessment of the didactic suitability of the didactic unit, using the DSC), Redesign proposal (reformulation of the didactic unit), Competence self-assessment (according to the knowledge and competencies acquired in the master's program), and Annexes.

Content analysis

For this study we considered 122 MFPs, corresponding to the 2019-2020 academic year. For their qualitative analysis, we followed steps similar to those used by Sánchez and collaborators (2021). In a first step, according to the literature review and our knowledge on the topic, we drawn up a list of keywords related to mathematical modelling (context*, model*, problem*, real*), in order to identify the references about this process in the evaluative comments of the MFPs. In a second step, we recorded the data of each document (author, title, educational level, mathematical content), in order to have an ordered database to consult the MFPs and, in this way, keep a first record of which MFP mentioned the keywords from the first step. In a third step, we classified the MFPs according to four levels of reference to modelling that we could identify in their proposals, as detailed below:

Level 0 (L0): No modelling problems are proposed/implemented; the inclusion of modelling is not considered in the redesign proposal. Level 1 (L1): No modelling problems are proposed/implemented; the inclusion of modelling is considered in the redesign proposal. Level 2 (L2): Modelling problems are proposed and there is a reflection on their implementation; no improvements are proposed to enhance modelling in the redesign. Level 3 (L3): Modelling problems are proposed and there is a reflection on their implementation; improvements are proposed to enhance modelling in the redesign.

In a fourth step, we categorised the comments with references to modelling using the DSC. Various studies have addressed the teacher reflection in mathematics teaching training processes (see Breda, 2020, for didactic analysis; Hidalgo-Moncada et al., 2021, for self-regulation practices; [START_REF] Sánchez | Secondary school preservice teachers' references to the promotion of creativity in their master's degree final projects[END_REF], for the development of creativity, among others), using a content analysis methodology to make evident the use of the DSC components. In this research, these components are considered as a priori categories [START_REF] Schreier | Qualitative Content Analysis in Practice[END_REF], in order to identify the aspects of the instructional process that the prospective teachers related to the work with modelling. More specifically, we considered the evaluative comments from the Implementation analysis and Redesign proposal chapters, since they include all the prospective teachers' reflections on their own practice, from the MFPs classified in the levels of reference L2 and L3. As an example of the content analysis described above, we use the MFP #24. We found several references to the keywords: «model», «modelling», and «problem» in this MFP, which consists of a proposal for the teaching of functions in the third grade of secondary education (students aged 14-15). Among many others, we found this comment in the assessment of the CS4 component: "We tried to have activities and sessions that were more competent to work on cognitive and mathematical processes such as […] modelling and problem solving" (p. 12). However, this MFP did not include improvements to modelling in its redesign proposal, so we classified it in the level L2 (a more detailed analysis can be found in [START_REF] Ledezma | Analysis of a preservice teacher's reflection on the role of mathematical modelling in his master's thesis[END_REF].

Results

Classification of the MFPs according to the levels of reference to modelling

From the search for keywords in the MFPs (first step of content analysis), we identified that 86 of the 122 documents referred to the terms related to modelling. After recording each MFP (second step of content analysis), we classified them according to the levels of reference to modelling (third step of content analysis), thus we obtained the following results: 33 MFPs in L0, 41 MFPs in L1, 21 MFPs in L2, and 24 MFPs in L3. The first and third step of content analysis also allowed us to refine the number of MFPs to analyse: a) during the first step we identified three MFPs presented under the research project format, so we did not consider them for this study; b) during the third step we identified three MFPs which did not explicitly refer to modelling in the Implementation analysis chapter, but they referred to implemented modelling activities in the Annexes chapter, including comments related to this process but not being attached to any specific DSC. Although we classified these last three MFPs in L3, we did not consider them in the fourth step of content analysis. Taking into account these considerations, the following results show the analysis of 45 MFPs classified in levels L2 and L3.

Classification of the comments according to the DSC components

From the previous classification (third step of content analysis), we categorised the evaluative comments related to modelling according to the DSC components. To do this, we focused on the Implementation analysis chapter of the 45 MFPs classified in levels L2 and L3, and then we identified in which DSC component the prospective teachers -explicitly or implicitly-made their reflections on the role of modelling in their didactic units (fourth step of content analysis). In this way, the results presented in Table 1 show the number of comments that we identified in the assessment of each DSC component, using the codes mentioned in the theoretical section. 

Discussion and conclusions

The first step of content analysis made us evident that around two thirds of the 122 prospective teachers referred in some way to modelling in their MFPs, through the keywords related to this process. The second step of content analysis allowed us to identify the mathematical contents of the MFPs in which the presence of such terms was stressed (in descending order): Functions, Trigonometry, and (linear and quadratic) Equations. This tendency to use modelling to teach functions, on the part of the prospective teachers, is in line with [START_REF] Michelsen | Functions: A modelling tool in mathematics and science[END_REF] position, who highlights the role of this mathematical object as a tool to develop the modelling process in classroom. The third step of content analysis refined the results of the first step, as it allowed us to narrow the number of MFPs to analyse (from 122 to 119), and also showed us that around a quarter of the 122 prospective teachers implemented modelling in their didactic units. A relevant aspect is that, although the master's program includes a submodule on modelling (within the Specific Training module) in which the cycle proposed by [START_REF] Blum | How do students and teachers deal with modelling problems?[END_REF] is presented, none of the MFPs referred to this cycle (or any other) and neither used it to describe the proposed problems or to analyse their implementation. This suggests, on one hand, that there is insufficient clarity on how to use a modelling cycle to analyse this kind of problems and, on the other hand, that carrying out this kind of analyses in the reflection on their own practice is not considered as a relevant aspect. However, since this is an autonomous work, the prospective teachers are not asked to specifically reflect on modelling from the theoretical perspective in their MFPs, but rather it is an open decision, taking into account the pages number and time constrictions for its elaboration.

The fourth step of content analysis made us evident that most of the comments on the implementation of modelling focused on the assessment of the epistemic, affective, and ecological criteria, although also -to a lesser extent-on the cognitive criterion. Regarding the epistemic criterion, the assessment of the ES3 component (on the realisation of relevant processes in mathematical activity) was the one that gathered the largest number of comments on modelling, because here the processes worked in the didactic unit were defined. A relevant aspect is the tenuous differentiation established in some MFPs to define the processes: «problem solving», «modelling», and «contextualisation», in which, for instance, if a statement was posed within the mathematical world, then they did «problem solving», but if it was posed in the real world, then they did «modelling»; or also, if a problem developed «contextualisation», then it was a «modelling» problem. This situation could indicate that there is insufficient clarity about the theorising around mathematical modelling and the characteristics of this kind of problems (as described in [START_REF] Borromeo | Learning How to Teach Mathematical Modeling in School and Teacher Education[END_REF]. Derived from above, the comments in the ES4 component (on the meanings and representation modes for the treatment of mathematical objects) mainly refer that modelling problems allowed working the mathematical objects using different semiotic representations. Regarding the affective criterion, the assessment of the AS1 component (on the interest and utility of the tasks) was the second with the largest number of comments on modelling. These comments pointed out that this kind of problems, being 'contextualised' and 'realistic', caught (or intended to catch) the students' attention, due to many of them took advantage of the context of COVID-19 and lockdown as a topic in their wordings.

Regarding the ecological criterion, the assessments of the EcS2 (on the relation between mathematical contents with other disciplines) and EcS3 (on the utility of contents for social and labour insertion) components included comments referring to modelling as a tool to relate mathematics, both to other curricular contents and to the students' context. We make a special mention regarding the cognitive criterion, since the assessment of the CS4 component (on the activation of relevant cognitive processes in mathematical activity) stressed that modelling problems made it possible to work on other relevant processes of mathematical activity (in line with [START_REF] Godino | The onto-semiotic approach to research in mathematics education[END_REF].

Regarding the interactional and mediational criteria, it is evident that their assessments included very few comments on modelling. Due to the virtual teaching context, the prospective teachers commented that they had many difficulties in developing a collaborative work between their students (affecting the interactional criterion), as suggested for the work with modelling [START_REF] Doerr | A modeling perspective on students' mathematical reasoning about data[END_REF]. For this reason, in both criteria they made comments on the components that would potentially be addressed by the solving of this kind of problems in their redesign proposals.

Resuming the research question, the main conclusion is that the prospective teachers mainly related the epistemic, affective, and ecological (and to a lesser extent, the cognitive) aspects when they reflected on the work with modelling in their didactic units implemented in a virtual context (similar result to that found in [START_REF] Breda | Características del análisis didáctico realizado por profesores para justificar la mejora en la enseñanza de las matemáticas [Characteristics of the didactic analysis carried out by teachers to justify the improvement of mathematics teaching[END_REF]. The study reported in this paper is part of a broader research project, which aims to contribute to research on teacher reflection in teacher training, specifically, on the implementation of modelling. Since this part was carried out during the 2019-2020 academic year, the next step is to compare these results with the prospective teachers' reflections in the MFPs from the 2020-2021 academic year, implemented in a face-to-face context. As a final purpose, we intend to design a guideline of specific DSCs for the work with mathematical modelling in the instructional processes implemented both in a face-to-face and in a virtual context.

Table 1 : Number of comments referring to modelling in each DSC component

 1 

	Components	No. of comments	Components	No. of comments	Components	No. of comments	Components	No. of comments	Components	No. of comments	Components	No. of comments
	ES1	1	CS1	5	IS1	3	MS1	4	AS1	32	EcS1	2
	ES2	2	CS2	1	IS2	4	MS2	0	AS2	3	EcS2	14
	ES3	40	CS3	1	IS3	1	MS3	4	AS3	5	EcS3	20
	ES4	11	CS4	12	IS4	0					EcS4	4
	Total	54	Total	19	Total	8	Total	8	Total	40	Total	40
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