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This paper discusses the design of a teacher education proposal aiming to provide tools to secondary school teachers to deal with the teaching of modelling in interdisciplinarity contexts. We start by briefly presenting the case of a study and research path for teacher education (SRP-TE) about disseminating the fundamental role of models and modelling when interacting in the modelling process of the pandemics. We then focus more specifically on the last modules of the SRP-TE, when some of the interdisciplinary research projects are adapted and transposed to secondary school. We present an experience during the academic years 2020/21 with an open teaching project to inquire into the impact of the COVID-19 led by a team of teachers from different disciplines intervene. We analyze the conditions that facilitate the development of this project and the limitations that hinder its progress as a richer modelling activity.

Introduction

Research in mathematics education has recognised the importance of including applications and mathematical modelling in mathematics teaching and learning [START_REF] Blum | Quality teaching of mathematical modelling: What do we know, what can we do[END_REF]. Pollak (1969, p. 401) introduces the importance of problem posing stating that "the student has as much right to participate in the derivation for the mathematical model and in checking the degree of its validity as he has to repeat any experiment to satisfy himself of its validity". In this sense, including mathematical modelling applications involve finding genuine problems for students to pose good questions to study.

Besides all the progress made in research and the support of educational policies and curriculum reforms, implementing a well-established activity on modelling must confront big constraints for its long-term and large-scale dissemination. In this respect, we have several examples of major issues in our society that require a collective scientific effort working across the boundaries of the scientific disciplines, where mathematics and mathematical modelling can be seen and act as service subjects.

The COVID-19 pandemic has shown more than ever that students and, more in general, citizens need to understand how mathematical and scientific advances contribute to understanding societal phenomena. In addition, "the pandemic illustrates how the operation of science changes when questions of urgency, stakes, values and uncertainty collide [START_REF] Saltelli | Five ways to ensure that models serve to society: a manifesto[END_REF]. People feel the need to understand what mathematical models can provide, how we may interpret the predictions and, more generally, how they help understand complex systems such as the pandemics' evolution.

There is no doubt about the critical constraints that hinder the long-term "survival" of modelling activities in interdisciplinarity contexts in schools. They can be interpreted as a consequence of important didactic phenomena that exist in school institutions, such as the isolation of disciplines and the prevalence of monodisciplinary curricula (Michelsen, 2006, p. 269), the dominant way to organise the teaching and learning of school disciplines (based on the logic of concepts rather than the logic of problems), and the inexistence of epistemological and didactic tools to approach modelling in the interaction among disciplines.

When discussing interdisciplinary education, it is clearly related to the importance of STEM education [START_REF] Maass | The Role of Mathematics in interdisciplinary STEM education[END_REF] in three different approaches: twenty-first-century skills, mathematical modelling, and education for responsible citizenship. English (2016, p. 362) makes the role of modelling in STEM education clear "modelling is a powerful vehicle for bringing features of 21 st century problems into the mathematics classroom".

Within the framework of the anthropological theory of the didactic (ATD), a change of school paradigm [START_REF] Chevallard | Teaching mathematics in tomorrow's society: A case for an oncoming counter paradigm[END_REF] is proposed to overcome some of the main didactic phenomena linked to the "monumentalisation" of the taught knowledge. This change has been described in terms of a paradigm shift, from the paradigm of visiting works to the paradigm of questioning the world. Chevallard characterises the transformation in mathematics education not only at the pedagogical level ("how to teach?") but also includes the changes the paradigm shift may have on the didactic level, dealing with the question about "what and how to teach?" In the paradigm of questioning the world, the knowledge to be taught is associated with the inquiry of relevant questions. Approaching these questions includes moments of study (searching for available answers in the media) and moments of inquiry (deconstruction and reconstruction of knowledge to generate one's answer). Implementing question-led study processes helps the knowledge to be taught to become dynamic, provisional, and collective (compared to the traditional notion of knowledge in school institutions). In the ATD, the so-called study and research paths have been introduced to facilitate the inclusion of mathematical modelling in educational systems and, more importantly, to explicitly situate mathematical modelling problems at the centre of teaching and learning practices (see [START_REF] Bosch | Study and Research Paths: a model for inquiry[END_REF]. More recently, our research team have been working with the proposal of study and research paths for teacher education (SRP-TE) [START_REF] Barquero | Mathematical modelling in teacher education: dealing with institutional constraints[END_REF], an inquiry-based process combining practical and theoretical questioning of outside and inside school scientific activities.

Given the fundamental role of models and modelling in the understanding and social dissemination of the pandemics, we present our experience with the design of an SRP-TE about decoding the evolution of the pandemics. Its design and implementation, developed in the framework of the European project IDENTITIES, wanted to work with teachers to question the necessary tools for the analysis and design of interdisciplinary projects in secondary school. We then focus on the last modules of the SRP-TE when some of the interdisciplinary research projects are adapted and transposed into secondary school. We focus on the experience during the academic years 2020/21 with an open teaching project inquiring into the impact of the evolution of the COVID-19 where a team of teachers from different disciplines intervened. In this paper, we continue the study to answer the research questions: What are the conditions facilitating the development of this project and the limitations hindering its progress towards a more prosperous interdisciplinary modelling activity?

First contact with the experience with an SRP-TE about the COVID-19 evolution

In the context of the IDENTITIES project (https://identitiesproject.eu), it has been proposed the design of an instructional proposal for preservice secondary school teachers based on an adaptation of the structure of the SRP-TE [START_REF] Barquero | Mathematical modelling in teacher education: dealing with institutional constraints[END_REF]. One of the four proposals has focused on the role of models and modelling to understand the COVID-19 evolution. It was developed in a local implementation in the University of Barcelona and in an international Summer School, where the first two authors were involved, as a participant and as an educator, respectively. The adaptation of the general structure of the SRP-TE consisted of four modules. Participants had to assume different roles to facilitate questioning together (teachers and educators) the way to describe, analyse and design possible modelling activities that could be transposed to secondary schools to address live societal questions that emerged during the scientific approach of the pandemics.

In module 1, participants might act as "explorers" to analyse a set of news and research dissemination papers that the researchers-designers had selected to see the evolution of the problems addressed by the scientific community and analyse the role assigned to the disciplines, in particular, to mathematics. From this first analysis, participants with educators delimited some possible lines of inquiry that involved models and modelling and the interaction among different disciplines. The topic addressed in each line were: (1) The complexity of delimiting the system to model: analysing data, (2) The role of the equation-based models: what can we consider a 'good' model? what are models for?; and (3) Agent-based models and simulations: Simulating scenarios to help make decisions about societal restrictions. Module 2 asked participants to experience an SRP, previously designed by the researcher-educators, about the lines mentioned above of inquiry. Participants had to assume the role of "student". The main goal of this module is to make participants carry out an unfamiliar activity that could, to a certain extent, exist in an ordinary secondary school classroom. Module 3 refers to the collective analysis of the SRP that they come to be experienced as students, but now adopting a role of "analyst". Some specific tools were here introduced to help teachers carry out the analysis of the activity carried out. For instance, one of the provided tools takes the form of a questions-answers map [START_REF] Winsløw | Study and research courses as an epistemological model for didactics[END_REF] which help to make explicit the kind of disciplinary and interdisciplinary questions and answers that emerged in their experience with the SRP. In module 4, teachers in training worked in the design of an adaptation of the experienced SRP. And, in case they had the chance, they implemented them in real secondary school classrooms. The work developed with one of the participants (researcher in didactics and the paper's first author) is the case study we focus on in the following sections.

Design of an SRP about modelling the COVID-19 evolution for secondary school

Institutional context and conditions for the implementation

The SRP about modelling the COVID-19 evolution has been implemented twice, in April-June 2020, with the beginning of the pandemic, and in February-March 2021. Due to the exceptional conditions of the first implementation, this paper focuses on the second implementation as its design was improved and the conditions for implementation were more stable (at least, than during the confinement). The implementation was carried out at Col•legi Natzaret, in Esplugues de Llobregat, a town near Barcelona (Spain), with 60 students of grade 10 (15-17 years old) distributed in two parallel groups. It was developed as an interdisciplinary project involving the subjects of mathematics, biology, and oral and written expression. Students were organised in working teams of six members, with heterogeneity in relation to their academic performance. The SRP run over 17 sessions of 1 hour during the official hours of mathematics, biology and plurilingual expression. It ran under relatively regular conditions, although the limitations due to the pandemics: the parallel groups could not interact, and each teacher was assigned to only one of the groups. Four teachers participated in the implementation: two mathematics teachers (one being the paper's first author), a biology teacher, and an English teacher (both teachers of optional subjects, who each had half of the students). In collaboration with her research team, the first author developed the a priori design of the SRP. The rest of the teachers had no direct involvement in the design. Still, they got actively engaged in deciding how to present the project to students and in the in vivo analysis during its implementation. Some special sessions were organised with all the teachers to agree on how to introduce the project, the timing, the way to distribute the students and the strategy to manage the SRP. Then, during the implementation, the teachers shared a journal where they daily reported their work with the class and the teaching materials (their presentations, students' reports, evaluation criteria, among other aspects).

Students worked collaboratively with online and digital tools. The teachers used a shared google presentation to report the progress of each working team. In addition, after each session, the working teams worked with the same template to document the advances of their inquiry. They had to report on the questions they had addressed, the temporary answers found, the tasks developed individually and in groups, and the new questions to follow with. Besides these shared documents, students had access to a presentation with some common instructions, indicating what was expected from their work and the steps to follow. From the start, the students were informed that they were responsible for defining the questions to address and the hypothesis they had about the pandemic evolution. They had to update their question-answer map regularly and, in the end, prepare an informative video presenting the results from their research to be distributed to the school community. The SRP teachers evaluated the students' presentations, with some invited teachers from other subjects.

The openness of the generating question of the SRP and its devolution

One crucial difference with other previous implemented SRP is that this one did not start from the same common generating question. On the contrary, students were asked to confront a more general extra-mathematical problem of particular social relevance with an excess of news related to the pandemic. As the older students in the compulsory secondary school level, they were asked to run an awareness campaign for the school about the pandemic and its impact on society. They were responsible for providing contrasted and scientifically founded information and defining what they wanted to address.

In the beginning, the working teams were told to approach their research from three complementary points of view: from the available data (accessible through the Spanish government website) and the mathematical models they could use (Which data may be selected to understand the evolution of the pandemic? How can mathematics and mathematical models help us to understand the pandemics evolution?); from the biological knowledge of the disease (How is the virus behaving?); and from the societal impact of the pandemic (What impact and effects are the pandemics having on our society?). The working teams were asked to delimit their focus by always keeping in mind these three complementary general questions. Students started by gathering the concerns of the educational community, starting with their own and surveying their classmates and families. This helped them define the questions they wanted to address and plan the first steps of their particular SRP. At the end of these first steps, each team had to present the general topic and identify three interrelated "researchable" questions concerning the mathematical, biological and societal aspects. Some examples of the researchable questions they posed are: How long does the COVID-19 survive on a surface? What are the characteristics of the virus that make it so deadly? What age groups are the ones more affected? What are the physical sequelae of the disease? About the societal questions, examples of the ones proposed by the students were: How has the pandemic affected tourism in Barcelona? How has confinement affected people's daily lives? What restrictions were implemented in Madrid during the three waves in comparison to Barcelona? Concerning the mathematics questions, those with a descriptive nature were more frequent: Which autonomic communities in Spain have been more affected? How can we measure if the first wave was worse than the rest? Are there important differences between the evolution of the case numbers (infected, death, recovered) among the two consecutive years? Moreover, there were also some groups that included questions about the evolution of the data: How has COVID evolved in Catalonia? How has it evolved in the different counties? As it can be read in the project presentation (available at https://bit.ly/3tRQpPz), the whole implementation followed three main phases. The first phase with the (a) generation of researchable questions, (b) exploration of databases, and (c) presentation of specific questions and hypotheses to address. A second one is where they focus more on (a) looking for and organising the most relevant data for their inquiry, and (b) analysing data and proposing models to fit data and/or predict the evolution of the pandemics. A third and last step, where students had to work on the informative video. In the following section, we focus on the students' work in the first two phases, paying special attention to the researchable questions with a mathematics intervention.

Results of the experienced SRP about the COVID-19 evolution

During the sessions guided by the mathematics teachers, the different working groups addressed their researchable questions. To facilitate their work, the mathematics teachers were asked to follow a structured report. On the one hand, each working team had to make explicit the main questions they wanted to address, their hypothesis or preliminary answers, and the data they worked with. On the other hand, they had to fill out their map of questions and answers to describe the particular study and research trajectory they were following. This device, which was used during the whole implementation, took a crucial role for several reasons. First, it allowed students to have a common instrument for all the sessions and make explicit the evolution of the inquiry. Second, it facilitated that the teachers from the different disciplines could follow the work of the working teams. Moreover, students used this organisation to address the questions of each discipline with the corresponding teachers. Additionally, at the end of the implementation, the assessment of these maps considers the completeness and classification of all the elements, the relevance of the questions, their creativity and accuracy.

Five sessions were devoted to the first phase of the project. During these sessions, students were provided with a database from the Spanish ministry that regularly updated the data about the evolution of the pandemic since its beginning. Students found different spreadsheets with accumulated data on cases, deaths, ICU admissions. These worksheets also included information by sex, age groups, provinces, and communities. This large amount of data created important limitations. On the one hand, they had to be very careful in defining what they were interested in looking at, that is, to delimit and construct the system, as well as the particular questions they wanted to address. That is why the teachers were especially attentive to help them on delimiting the system by selecting the variables to consider, formulating the initial hypothesis to contrast, etc. On the other hand, they needed to learn some techniques to work with Excel to manipulate big spreadsheets easily. They had some experience with Excel but as beginners' users. Then, the mathematics teachers had to dedicate some common sessions to respond to these necessities. For instance, students were asked how to sort a list of data by value, how to filter by defining some criteria (e.g., provinces or age groups), among other utilities.

In the particular case of Team A, they were first interested in this initial question: "Q0-Team A: Which has been the "worst" wave of the pandemics in Spain? Has the second wave been worse than the first one (as said in the media)?". In these first steps, they started to define what they wanted to address (length, number of infections, hospitalise and death, in global and by different groupings):

Q1_dates: How long did each wave take?

Q1.1: When do we start counting the beginning of a wave and its ending? Q2_infections: How many infections have there been in each wave?

Q2 These questions mainly correspond to delimiting the system and representing the data numerically and graphically. The same happened with the rest of the groups, who mostly worked on the graphical representation of the data (once selected and manipulated). For groups who pose some questions about the pandemic evolution, the most common was the graphical representation of data concerning time. For instance, we present the questions made by Team B: Q0-Team B: Which wave has affected Madrid the most? Q1: Which wave shows the highest speed in the increase in the number of cases? And less? Q1.1: What is the date with the most cases registered? Q1.2: How long has each wave lasted? Q1.3: Why are there fewer registered cases on the weekends? Q1.4: How do restrictions affect the registration of cases? Q2: Which wave has the highest number of cases, regardless of its duration? Q3: Which wave presents the highest number of cases, considering its duration?

This team wanted to analyse the variation in the number of cases. They defined and calculated the speed of the number of cases using variation taxes. However, none of them started to propose equation-based models to fit the data and forecast what can happen in the future. All the groups posed questions to describe the data or compare them by age or place, but none of them tried to go further.

In the last session, the teams made presentations to their peers. They discussed questions and suggestions. Interesting ideas emerged: which is the correct way of comparing the data from two or more provinces? From this discussion, they concluded that it was necessary to introduce relative variables, dividing the cases by the population, to compare them with accuracy.

Conclusions and discussion for future implementations

In this paper. we want to focus on the ecology of the SRP. More concretely, about what conditions and limitations the SRP reveals. About the conditions that facilitate the implementation of the SRP, we can detect three different aspects: (1) the a priori design of the SRP, (2) the SRP's management tools, and (3) the questions and answers maps.

When preparing the design of the SRP, the choice of the initial question is essential, but so can be the development of the path that will lead to the potential mathematical activity. For this, teachers must develop the pathway in advance: mastering, at a professional level, the activity of mathematical modelling, so that they can identify the student's processes and know-how to redirect them without forcing them or giving them the feeling that they are being deprived of the ability to decide the process of the research. But also, to identify when students open different lines of inquiry and distinguish whether these will lead to a rich mathematical activity. About the SRP management tools, we note the shared teacher diary as a tool that helped teachers keep an overview of the process, even when they did not share it with all the students. On the other hand, the scoring system for student contributions, where teachers had a daily record of which students had made a positive contribution, helped generate class discussions where students shared their progress and commented on their opinions of other students' work. Finally, the questions and answer map was found by the students as a rich tool. These students were used to working with this kind of tool, so they had no problems or difficulties understanding what was being asked of them. Also, as it was recommended to build since the beginning of their research, they used this tool to keep track of their daily progress and to present the final product.

Related to the constraints that hindered the progress of the SRP, we can identify (1) the lack of coordination time available, (2) the awareness of the interdisciplinary concept, and (3) the time slots available to do the project. We can highlight the lack of coordination time available to teachers, who rarely have time to share and reflect on what happened in class and have to use moments between corridors or before entering the classroom. Interdisciplinary work needs quality time for the teachers to share opinions and make decisions. The responsibility of this aspect belongs to the school, which has to provide teachers with resources to facilitate the success of the teaching activity. Besides, teachers also have some responsibility for the success of the SRP. They need to be aware of the difference between carrying out a multidisciplinary project or an interdisciplinary one. In this study case, teachers had not been explicitly given this difference. In the next experimentations, we will try to introduce this difference to see if teachers become more involved in disciplines other than their own. Finally, the last constraint to be considered was the time organisation of the project. All the students were taking mathematics, but others were not taking biology or multilingual expression. They were taking technology, which was not involved in the project. Therefore, some students dedicated more hours than others to the development of the project. In the same way, the mathematics teachers spent 4 hours per week and the teachers of the optional subjects only 3 hours per week. This was an important constraint for both teachers and students, who were unequally involved. This causes hierarchies in the project production and sometimes results in students not being able to participate as they feel disconnected from their team's progress.
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