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Theoretical framework and purposes

Realistic Fermi problems are open problems, connected to the real world, which require students to make assumptions about the situation of the problem and estimates about the relevant quantities, and whose solution is accessible to all students, admitting different levels of complexity (Ärlebäck, 2009). Students do not immediately have known procedures to solve this type of problems, so their solutions include a variety of strategies (Albarracín & Gorgorió, 2014). This exploratory work is a part of a research started two years ago focused on studying problem-solving process of Fermi problems based on obtaining an approximation to the number of elements in a bounded enclosure. In [START_REF] Ferrando | Análisis de los modelos matemáticos producidos durante la resolución de problemas de Fermi[END_REF] the solution processes of this class of problems have been analyzed (following [START_REF] Lesh | Problem solving, modeling, and local conceptual development[END_REF]) using a mathematical model characterization that includes a conceptual system for describing the relevant mathematical objects and their relations, and accompanying procedures for generating useful constructions, manipulations or predictions. This work has allowed us to identify three types of solution strategies for this class of Fermi problems: (i) based on the notion of population density; (ii) based on the use of a base unit; (iii) based on the use of a geometrical pattern (Ferrando et al., 2017, p. 229). [START_REF] Star | Flexibility in problem solving: The case of equation solving[END_REF] define flexibility in problem solving as knowledge of (a) multiple strategies and (b) the relative efficiency of these strategies. According to CCSSI (2010) flexibility in problem solving is related with mathematical competence. Nevertheless, teachers have still some difficulties to develop flexible reasoning when solving mathematical tasks. This leads us to consider whether pre-service primary school teachers know and use different strategies to solve Fermi problems. In particular, this study will address the following research questions: Q1) According to the different strategies identified in a previous study [START_REF] Ferrando | Análisis de los modelos matemáticos producidos durante la resolución de problemas de Fermi[END_REF], which characteristics of the context of the problem prompt particular solution strategies? Q2) Does the variation of these characteristics effect students to choose between several solution strategies, or do they always use the same one? Q3) In what way, when students confront their individual solutions in group and in the physical space posed by a problem, do they arrive at a consensual strategy?

Methodology

This study, which contained two phases, was carried out during the academic year 2017-2018 with n=112 students from the last course of primary education degree at the University of Valencia. In both phases they have been given the same sequence of problems.

Phase 1: Individual and purely estimative solution

In this phase of the study, students had to solve the sequence of problems individually. The physical spaces involved in the problems belong to the environment of the Education Faculty and are familiar to the students, but they do not have any data and they should only explain the procedures about how to get an estimation of the solution. The design of the sequence of problems has been carried out in collaboration with other researchers in the working group and has been based on the results obtained in [START_REF] Ferrando | Análisis de los modelos matemáticos producidos durante la resolución de problemas de Fermi[END_REF]. The analysis of the individual solutions in this phase allowed us to answer the Q1 and Q2.

Phase 2: Empirical solution by groups

In this phase, heterogeneous groups (depending on the solutions obtained in Phase 1) of 3 to 5 students are configured. They had to solve the same sequence of problems as in phase 1 in situ, but this time they must agree on a joint strategy. The analysis of their solutions allowed us to answer Q3 and also complete the answer to Q1. Indeed, we have identified what we call problem variables. These variables are related to the size and shape of the elements, the ratio of sizes between element and surface, the shape of the surface and the distribution of the elements on the surface.

Implications

This exploratory study is the starting point of a PhD thesis in which it is intended to analyse the knowledge, use and promotion of flexibility in solving realistic Fermi problem among future teachers. The results of this study can help to led up to formulate a specific definition of flexibility for the domain of the Realistic Fermi problems and to raise new questions such as: What type of instruction is most effective in promoting flexibility in this class of problems? What is the relationship between the validation of the solution and the choice of the most efficient strategy? When the future teachers solve this type of sequence, does it influence their conception of flexibility?
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