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A brief analysis of Swiss and French mathematics curricula highlights a need for resources to address modelling in the classroom. Some studies also confirm a need to train teachers in modelling. These analyses led us to design a training in which primary school teachers co-created an escape game with the researcher, for their pupils of 7 H -8 H (10-12 years old), which mobilized mathematical modelling. Escape games consist of solving puzzles to complete a mission in a limited time. These new games are gradually being introduced into the school environment. The idea is then to propose a modelling problem at the very heart of the escape game and to use the structure of the game to help pupils solve it. This research draws on participative research to design a training course on mathematical modelling and explores the extent to which teachers' engagement in creating an escape game and implementing it in their classroom can support the development of modelling competencies.

Background and motivation

This project arose from an interest in educational escape games and a desire to work on mathematical modelling in school mathematics. Conversations with primary school teachers revealed that they find it challenging to comprehend and identify activities that promote development of mathematical modelling skills, even though this type of activities are featured in Swiss and French official programs. This observation is supported by research [START_REF] Roussel | La modélisation en mathématiques. Historicité, épistémologie et perspectives institutionnelles internationales : Quels besoins pour les enseignants de mathématiques[END_REF], and leads us to focus our research on teachers' mathematical modelling competencies and ways how to best support their development. In addition, since many teachers have started to show an interest to use pedagogical escape games to enhance the learning of mathematics, our hypothesis is that collaborating with teachers to develop a modelling-themed escape game can improve their understanding of the subject.

In this paper, we present our ongoing investigation departing from this hypothesis. We do this by starting by introducing key elements of mathematical modelling and escape games with an illustrative example. Next, we present our adapted theoretical framework and methodology, and conclude with preliminary results and discussions on how to combine modelling, escape games and teacher training.

Our perspective of modelling in mathematics

Mathematics education research has been exploring different perspectives of modelling and the teaching of modelling and for several decades, notably by members of the International Group for Mathematical Modelling and Applications (ICTMA). One of the recurring questions addressed is: does the modelling process always start from a non-mathematical problem or is it possible to do modelling within mathematics? Depending on the perspective of modelling adapted, the emphasises are different and some authors propose a categorization that differentiate the problems according to their extensiveness and levels of the demands needed for the modelling work [START_REF] Burgermeister | La modélisation dans l'enseignement des mathématiques en suisse romande [Modelling in mathematics teaching in French-speaking Switzerland[END_REF][START_REF] Houdement | A place for problems « to search[END_REF]. Considering the purpose of a model also leads to assigning different functions of modelling: it allows for describing, understanding, or even changing the world. We based our conception of modelling on the framework presented by [START_REF] Blum | How do students and teachers deal with modelling problems?[END_REF], commonly used in mathematics education community, according to which mathematical modelling is a cycle process comprising several stages, including the creation of a model (Fig. 1). By repeatedly engaging in this cyclic process, the model evolves and develops to provide a valid solution under the given conditions that answers the given problem. To describe the modelling process, the authors distinguish two worlds, the mathematical one and the "real world". [START_REF] Treffers | Wiskobas Doelgericht [Wiskobas purposeful[END_REF] introduces the expression "horizontal mathematization" to refer to the transition from the real world to the mathematics world (creation of the model) and the expression "vertical mathematization" to refer to the solving the problem within the domain of mathematics. Before the creation of a model, it is necessary to understand what is at stake, to simplify and organize the task. The interpretation and validation of the results are important components that make the modelling process come full circle. In our research, we adopt this perspective of mathematical modelling.

Mathematical modelling is included in the Swiss and French mathematics curricula and is linked to the sciences. However, teachers do not explicitly plan for it in their annual planning. Additionally, we observe that there is limited research into modelling approaches at the primary school level.

In recent years in primary schools, game-based approaches are often favoured by pupils and escape games have started to make an impact into the classroom. Inspired by a modelling problem like the one proposed by [START_REF] Wozniak | Modélisation et démarche d'investigation [Modelling and the investigative approach[END_REF] where the size of a giant's boot is to be estimated, we propose a problem, described below, involving the estimation of an altitude, and designed an escape game around this problem. The design process of the game lead the designers, teachers and researcher in our case, to make the necessary changes so that the problem could be included in a game. Our assume is that this work on the problem will develop the teachers' ability to work on modelling tasks.

Serious escape game: An example of a modelling problem

An escape game or escape room can be defined as follows:

Escape rooms are live-action team-based games where players discover clues, solve puzzles, and accomplish tasks in one or more rooms in order to accomplish a specific goal (usually escaping from the room) in a limited amount of time [START_REF] Nicholson | Peeking behind the locked door: A survey of escape room facilities[END_REF].

This relatively new concept of adventure games appeared in Japan in 2007 and in the years 2012-2013, escape games began to appear in Europe and to cause great interest in the educational community. Guides for teachers started to appear, specialized websites to be developed, and reference institutions offered training on the subject. The development process of escape games began to be documented to guide future designers in their work [START_REF] Fenaert | S'capade pédagogique avec les jeux d'évasion-Apprendre grâce aux escape games[END_REF][START_REF] Guigon | A model to design learning escape games: SEGAM[END_REF].

Escape games are places where players are immersed in solving (not necessarily mathematical) problems. The example described below illustrates the main principles of an escape game having, what we call, a modelling orientation. This particular escape game was created for training teachers at the end of primary school, and hence is adapted for children aged 10-12.

Since our training aims at the developing of modelling skills, we have imagined an escape game where the enigmas are oriented toward modelling activities. The mission assigned to the players is as follows: A climber has disappeared while climbing K2. You are in communication with a friend of the climber who knows certain details such as the time of departure and the time of the emergency call. You must then give indications to the rescuers to help them find the climber. There are several documents to help you estimate where the climber is including a simplified representation of the mountain (Fig. 2, left) and sketches to illustrate the concept of the degree of a slope (Fig. 2, right). Some additional information was also provided to guide the players, such as: "if we consider a slope between 10° and 20°, it takes me 20 minutes to cover 100m of difference in altitude". Indications of the gradient between each slope are given. Other elements have already been simplified or discarded, such as aspects related to distance, weather, or oxygen supply. Note that as the training was intended for primary school children, and as escape games are played given a limited amount of time, we have made certain design choices which are discussed in the debriefing part following the game phase.

The players need to use proportional reasoning to locate the climber. During the game, they may or may not require a certain level of accuracy, depending on the time available. The initial guess will guide the rescuers to the summit but will yield no trace of the climber. A new element is then introduced to determine that the slope between camp 4 and the summit is indeed greater that first indicated. The calculations then must be repeated and adjusted accordingly. Additional puzzles and logical challenges are also included to make the game more dynamic. This escape game was experienced in the training as a basis to initiate a first reflection on modelling on behalf of the teachers. Core concepts arising from our research are presented in the next section.

Theoretical framework and methods

Proposing a training course where participants create an escape game with the objective to promote modelling led to several questions: In what way could the construction of escape games lead to enhance teachers' competences for teaching mathematical modelling [START_REF] Wess | Measuring professional competence for the teaching of mathematical modelling: A test instrument[END_REF]? To what extent is the creation of escape games suitable as a training device? The aim with the designed escape game is to train teachers in mathematics modelling, but also to create a resource for 11-12 years old school children, by proposing a series of situations requiring the children to engage in modelling. For this reason, we draw on the theory of didactic situations [START_REF] Brousseau | Le contrat didactique: Le milieu [The educational contract: The environment[END_REF] to design the puzzles.

Our study focuses on teachers designing modelling tasks to primary school pupils and to observe how teachers' modelling competencies develop as a result. In particular, we are interested in the taskrelated dimension of the modelling competencies, which according to Borromeo Ferri (2018) has the following facets: processing, cognitive analysis and development of modelling tasks. The teachers need to select the modelling problems to be used in their designed game, to make possible adaptations, and being aware of the implications these may have on the tasks (no longer involve all the modelling stages for examples (e.g. Fig. 1)), as well as to think about the interactions with the pupils. A didactic objective will be at the heart of the interactions, whether it will be with regarding approaches to modelling for the classroom or regarding the objectives from a knowledge point of view. Escape games have the particularity of imposing a certain autonomy on the players, leaving them alone in a room with only a context to situate them. This particularity requires an efficient devolution of adidactic situations, with the presence of a rich milieu and therefore strong feedback from the environment to indicate not only whether the achieved result is the expected one, but also to propose adapted hints how to advance in the escape game by reducing the interventions of the teacher who is the master of the game. In fact, if we want to implement an escape game in a whole class with only one teacher to manage the game, we need to develop tools to guide the pupils and eventually allow them to come up with alternative (not necessarily single) solutions. In this way, the didactic choices will limit the teacher's intervention. A study of these didactical tools and choices will require a thorough didactic analysis of the situation (the structuring of the milieux and the didactic contract). This research will also identify important elements in the design and implementation of escape games in the classroom and will thus propose a methodology for other teachers who would like to develop this type of practice.

From the methodological standpoint, for several years now, research "with" rather than "on" practitioners has been emerging [START_REF] Desgagné | Médiation entre recherche et pratique en éducation : Faire de la recherche « avec » plutôt que « sur » les praticiens [Mediating between research and practice in education: Doing research "with" rather than "on" practitioners[END_REF]. This so-called participative research aims in particular to integrate points of view of practitioners in order to reflect on issues that concern them (Morissette, 2013). From among existing types of participative research foci, we are especially interested in the collaborative aspects in our project. According to [START_REF] Desgagné | Le concept de recherche collaborative: L'idée d'un rapprochement entre chercheurs universitaires et praticiens enseignants [The concept of collaborative research: The idea of bringing together university researchers and teaching practitioners[END_REF], a project falls within the framework of collaborative research if it meets three conditions. Firstly, teachers and researchers co-construct the research object together. Secondly, collaborative research has a dual identity: it creates knowledge and also aims to improve and develop professional skills of practitioners; the researchers then have a role of trainers. Progressively, a mutual trust is established between the practitioners and the researchers: the production of knowledge improves practice and practice informs the production of knowledge. Thirdly, the research project brings the two communities practice and research together. The researchers take on the roles of mediators withing the two communities, creating connections and fostering a shared culture. The specificity of collaborative research is the centrality of the practitioners' point of view at all the stages of the research processes, even if they do not necessarily participate in the all the stages of the research.

In the same way, cooperative engineering brings an interesting complement for this type of approach. Cooperative engineering can be described as follows:

(Cooperative engineering) may refer to a methodological process in which a collective of teachers and researchers implements and re-implements (after having analyzed and evaluated the previous enactment) a teaching unit on a particular topic (Joffredo-Le Brun et al., 2018, p.191).

These exchanges between the world of research and that of the teachers lead to the definition of a shared interpretative space in the sense of [START_REF] Bednarz | Recherche collaborative et pratique enseignante: Regarder ensemble autrement [Collaborative research and teaching practice: Looking together differently[END_REF] so that each participants understands what the other says. In particular, we observed how the evolution of the designing of puzzles and the elements that are modified by teachers and interpret these changes as signs of understanding (or not) of the modelling process and its implementation in the classroom. To track these evolutions, we video-record the discussions and exchanges with the teachers during the training. We also collected data through a logbook that the teachers fill out as they work, detailing what activities they consider to foster modelling and why [START_REF] Gueudet | Ressources vives[END_REF]. At the beginning of the training the teachers also filled out a questionnaire allowing the collection of their initial views on the subject.

Drawing on the theoretical framework and methodology, we designed a training course which is described in the next paragraph.

Co-design of an escape game aiming at modelling

A first iteration of the teacher training, where the teachers created and implemented an escape game in their classrooms, was completed in 2022. The training involved four primary school teachers and was planned in several stages. Before the training started, the teachers answered a short questionnaire about their stance on modelling and its teaching. On the first day of the training, the teachers experienced the mountaineer escape game described above. We then discussed the presence of modelling in the game and what it meant. Several representations of modelling were proposed, compared and discussed focusing on the involved processes, including the representation of Blum and Leiss (Fig. 1), that of PISA (OECD, 2019) and that of [START_REF] Coulange | Les problèmes « concrets » à « mettre en équation » dans l'enseignement[END_REF].

On the following day, the teachers were engaged in the designing of an escape game. The work took place in a room full of games similar to escape games, but also containing recourse for modelling problems and ideas for themes in the form of images. The teachers immediately chose the world of pyramids with the idea of proposing to the players to model a part of a pyramid in order to find their way inside and defeat a curse. Although the researcher was present in all design phases, she played different roles, sometimes as a mediator and sometimes as a guide who reminded the teachers of the modelling objective within the game and guided them in their thinking about this process. The structure of the game was easily set up. Then the researcher finished the design of the game, i.e., built the material. The next step was to test the game before implementing it in the classrooms. Students from the HEP1 Fribourg took part in the game as experimenters to check the feasibility of the game. Afterwards, the game was implemented in the classrooms by the teachers and the researcher.

To summarise, the training lasted five afternoons (excluding the time in the classrooms). We started by playing an escape game and providing elements of modelling, then we co-designed an escape game and tested it with students. After the game implementation in classes of two teachers, the experience and possible modifications were discussed during one training session. The other two teachers then implemented the new version of the game, and a final session concluded our training.

Preliminary results and discussion

Data analysis is in progress. In this section, we present a few preliminary results.

Our study aims at investigating the contribution of puzzle design in an escape game to training teachers in mathematical modelling. The teachers involved in the training showed their uncertainties about the meaning of modelling and its teaching in primary schools. From the initial questionnaires, we noticed that modelling was seen as a way of translating, communicating data, notably by means of mathematical writing and testing a hypothesis. The ability to create a model (technique, tools, means of reference) was mentioned in order to find a "rule" to solve problems as well as to check students' assumptions. We found that, on the practical side, modelling referred to conversion activities to, e.g., understand the volume-capacity link (1dm 3 = 1L), to the use the context of money to grasp decimal numbers or to problems with managing a budget for the organization of an event. These initial representations of modelling evolved and were refined over time.

During the design phase, the teachers had examples of modelling problems at their disposal and were free to use them as inspiration for the design. However, the examples were not appealing to them, and they rather turned to puzzles that were closer to problem solving in mathematics. The transition between modelling of a real problem world and modelling of a "game world" problem led to some confusion and the teachers were unable to identify the criteria of modelling tasks [START_REF] Wess | Measuring professional competence for the teaching of mathematical modelling: A test instrument[END_REF]. In this case, all puzzles that were proposed were considered as involving modelling because mathematics was used to progress within the game. For example, a puzzle with symbols from Egyptian numeration (Fig. 3) was proposed where pupils need to understand the representation and use the addition to find the code (35017). The arguments for saying that this puzzle involves modelling are the passage to the mathematical world allowing a translation of an unknown numbering system using addition. If we refer back to the mathematics curriculum in France, in early school years (Grades 1-3), simply recognizing appropriate mathematical tool, in this case addition, is considered as a modelling activity. This raises the question of the characteristics of modelling at primary school.

In conclusion, the teachers who took part in the training did not design any puzzles in which we could recognize a modelling cycle akin to that in Figure 1. Nevertheless, they did initiate a discussion about modelling in primary school and within a game. The difficulty that characterized modelling in our study demonstrate the need to for a more extensive conceptual framework in order to be able to provide a more in-depth reflection on the design of modelling tasks in primary schools carried out in training (and consisting of designing an escape game). We have therefore started conceptualizing levels of modelling depending on the stages of the cycle required to solve a given task. A new training course will be given in the autumn of 2023 in an attempt to encourage teachers to design problems at various levels of modelling within a game, and to observe whether this work on the tasks can support the development of teachers' representations of modelling problems.
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 1 Figure 1: The modelling cycle (Blum & Leiss, 2007, p. 225)
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Haute école pédagogique, which is a kind of a university for teacher education.