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Introduction

Modelling problems have been growing in relevance in mathematics education over the last decades [START_REF] Cevikbas | A systematic literature review of the current discussion on mathematical modelling competencies: Stateoftheart developments in conceptualizing, measuring, and fostering[END_REF]. These problems, being open-ended and realistic, allow teachers to promote the use and comparison of multiple solutions in order to teach modelling competently. However, studies on multiple solutions in modelling problems are scarce [START_REF] Schukajlow | Effects of prompting multiple solutions for modelling problems on students' performance[END_REF].

In this study, we focus on Fermi problems; in particular, those that require estimating a large number of elements on a delimited space. These problems are useful for introducing modelling in primary and secondary classrooms (Ärlebäck, 2009). Moreover, they are open-ended problems that promote the comparison of various solution strategies [START_REF] Ferrando | Analysis of the relationship between context and solution plan in modelling tasks involving estimations[END_REF]. Previous studies have allowed classifying all solution strategies [START_REF] Albarracín | The role of context for characterising students' strategies when estimating large numbers of elements on a surface[END_REF], as well as finding that pre-service teachers provide different strategies to similar problems depending on some contextual features of these problems [START_REF] Ferrando | Relations entre contexte, situation et schéma de résolution dans les problèmes d'estimation [Relationships between context, situation and resolution scheme in estimation problems[END_REF][START_REF] Ferrando | Analysis of the relationship between context and solution plan in modelling tasks involving estimations[END_REF]. In this work, we will rely on a sample of 81 experts in mathematics and/or mathematics education. We want to confirm these relationships between strategy and context previously found in studies with pre-service teachers. In addition, we ask the experts to justify on which appropriateness criteria they base their choice. Knowing the relationship between context-strategies-appropriateness criteria is the first step in addressing the study of adaptivity, which may be a key aspect of modelling problem-solving competence [START_REF] Lu | Creativity in students' modelling competencies: Conceptualisation and measurement[END_REF].

Theoretical framework

Modelling problems involve back and forth transitions between the real world and mathematics [START_REF] Cevikbas | A systematic literature review of the current discussion on mathematical modelling competencies: Stateoftheart developments in conceptualizing, measuring, and fostering[END_REF]. Fermi problems are a particular type of modelling problems that Ärlebäck (2009) defines as open-ended, accessible and non-standard problems that require students to make assumptions about the problem situation and estimate relevant quantities before often performing simple calculations. [START_REF] Albarracín | The role of context for characterising students' strategies when estimating large numbers of elements on a surface[END_REF] showed that Fermi problems are multiple solution tasks, establishing schemes to classify all possible strategies for solving Fermi problems consisting of estimating a large number of elements on a delimited area (for example, how many people fit on a football field). There are four types of strategy: counting; linearisation (solutions that distribute the elements by rows); base unit (solutions based on the procedure of dividing the total area by the area of an element taken as a unit); and density (solutions based on the procedure of multiplying the total area by an estimated density). [START_REF] Ferrando | Relations entre contexte, situation et schéma de résolution dans les problèmes d'estimation [Relationships between context, situation and resolution scheme in estimation problems[END_REF] found significant correlations between strategies and certain context-specific characteristics. We call contextual features to those aspects of the real situation posed by the problem that should be considered in the solution process. For instance, order in the arrangement of the elements relates to linearisation strategies, while disorder relates to density strategies, especially when the size of the elements is small. Conversely, a large size of the elements relates to base unit strategy. [START_REF] Nistal | Flexibility in problem solving: Analysis and improvement[END_REF] note that the influence of problem contextual features on the solvers' adaptivity is an underdeveloped topic. We define adaptivity as the ability to choose, among multiple strategies, the most appropriate for a problem [START_REF] Heinze | Flexible and adaptive use of strategies and representations in mathematics education[END_REF]. However, determining what is meant by the appropriateness of a strategy for a given type of problem is a theoretical challenge [START_REF] Heinze | Flexible and adaptive use of strategies and representations in mathematics education[END_REF]. [START_REF] Lu | Creativity in students' modelling competencies: Conceptualisation and measurement[END_REF] indicate that appropriateness can be a key aspect of modelling competence from a creativity perspective. However, it is difficult to determine why a strategy is the most appropriate in open-ended problems, especially when we cannot validate the estimate obtained when solving a Fermi problem because there is no real data. For simpler problems -arithmetic or algebraic-previous studies have taken rapidity -fewer steps to obtain the solution-and accuracy as appropriateness criteria [START_REF] Lemaire | Four aspects of strategic change: Contributions to children's learning of multiplication[END_REF]. Previous analyses [START_REF] Albarracín | The role of context for characterising students' strategies when estimating large numbers of elements on a surface[END_REF] of strategies for solving Fermi problems indicate that we must consider a third specific appropriateness criterion, which we call rigour. This is the use of empirically grounded and carefully executed procedures, including realistic assumptions [START_REF] Segura | Análisis de los factores de complejidad en planes de resolución individuales y resoluciones grupales de problemas de estimación de contexto real [Analysis of the complexity factors in individual and group resolution plans for real context estimation problems[END_REF].

A quantitative analysis of expert mathematics teachers' responses to a questionnaire will allow us to answer the following research questions: Q1. Which strategies are the most appropriate to solve a Fermi problem according to its contextual characteristics? Q2. What criteria justify the choice of a certain strategy as the most appropriate?

Experimental design

Sample

In 2020 we sent out an invitation to participate in an online questionnaire through different channels: the mailing list of the SEIEM (Sociedad Española de Investigación en Educación Matemática) and the education commission of the RSME (Real Sociedad Matemática Española), as well as a mailing list of secondary school teachers who had participated in training courses in mathematical modelling, familiar with Fermi problems. This restricted contact ensured a sound knowledge of the participants. Thus, 81 experts (57% men) in Mathematics or Mathematics Education answered the questionnaire. Most of the participants (64%) have a degree in Mathematics; 32.1% of them have a PhD in Mathematics, and 12.3% have a PhD in Mathematics Education. Most of the participants (51.9 %) teach mathematics subjects in Secondary Education. 32.1% teach mathematics and/or didactics subjects in Education degrees or in the Master's Degree in Secondary Education. 21% teach mathematics subjects in Mathematics, Physics or Engineering degrees.

Questionnaire design

The data collection instrument is a questionnaire with closed questions, with a list of predetermined answers from which the participant must choose. The questions refer to the sequence of four Fermi problems used in previous studies [START_REF] Ferrando | Relations entre contexte, situation et schéma de résolution dans les problèmes d'estimation [Relationships between context, situation and resolution scheme in estimation problems[END_REF], designed taking into account the contrast between the problems' contextual features (see Table 1). The online questionnaire is divided into four sections, each dedicated to a problem (Table 1). The problem statement, accompanied by a picture of the real place (Figure 1), is followed by two questions related to strategies for solving the problem. The first question is "Which of the following strategies is the most appropriate for this problem?" The possible answers are the strategies categorised in previous studies [START_REF] Albarracín | The role of context for characterising students' strategies when estimating large numbers of elements on a surface[END_REF][START_REF] Ferrando | Relations entre contexte, situation et schéma de résolution dans les problèmes d'estimation [Relationships between context, situation and resolution scheme in estimation problems[END_REF]: counting, linearisation, base unit, density. In each response, the strategy is briefly described (Figure 1). The option "There is no one strategy more appropriate than another" is also included. The second question is "On which of the following criteria did you base your choice of the most appropriate strategy?" The possible answers are the appropriateness criteria defined in the theoretical framework: rapidity ("The chosen strategy is the one that provides the fastest estimate"); accuracy ("The chosen strategy is the one that provides the most accurate estimate"); rigour ("The chosen strategy is based on more rigorous/careful calculation procedures"). Participants could tick more than one criterion, as well as the open option "Other" to propose a different criterion.

Results

The answers to the first question of the questionnaire show that, for problem P1-People, the strategies chosen as most appropriate are base unit (43%) and density (42%). For P2-Tiles, the most appropriate strategies according to the experts are base unit (49%) and linearisation (25%). For P3-Grass, the only strategy chosen as appropriate is density (83%). Finally, for P4-Cars, the most appropriate strategies chosen by the experts are base unit (37%) and linearisation (32%). A chi-square test of the correlation between the most appropriate strategies and the problems (according to their contextual features) confirms that there is a significant correlation, with χ 2 (12, 324) = 108.88 (LR = 142.86) and p < 0.0001. The association effect is medium, with Cramer's V = 0.34.

Overall, the most chosen strategy in the four Fermi problems in the sequence is density (42%), followed by base unit (35%) and linearisation (16%). Counting is only 1% of the choices. In addition, it should be noted that only 6% of the choices were "There is no one strategy more appropriate than another", and most of these were for P1-People.

The results of the second question of the expert questionnaire show which appropriateness criterion they selected to justify their strategy choices. Overall, the most frequently chosen appropriateness criterion by experts was accuracy (38%), followed by rapidity (36%) and rigour (23%). No other criteria were suggested by the experts. Although 3% used the option "Other", they did so to indicate that there are no objective appropriateness criteria. Table 2 shows the relationship between the strategies selected by the experts as most appropriate in the problems and the appropriateness criterion with which they justified their choice. The correlation is significant, obtaining χ 2 (12, 423) = 276.53 (LR = 153.74) with p < 0.0001. Furthermore, the effect size is strong (V = 0.47).

Table 2 shows that experts consider accuracy to be a criterion that should always be taken into account in Fermi problems, although it increases when paired with rigour. Moreover, they associate linearisation with rigour. The base unit strategy is strongly associated with rapidity. Density is clearly associated with rigour. Taking into account that accuracy is a common criterion for all strategies, and also considering the results of the first question, the experts' choices show us how to approach each problem in the sequence and why, as shown in Table 3. 

Discussion

The results obtained from the questionnaire answered by 81 experts allow us to address the two research questions.

Q1. Which strategies are the most appropriate to solve a Fermi problem according to its contextual characteristics?

The results show that there is a significant relationship between the strategy chosen as most appropriate by the experts and the type of Fermi problem according to its contextual features. The experts strongly choose the density-based strategy for P3-Grass, where the elements to be estimated -the blades-are disordered, small and irregular in shape. In P1-People, in which the elements -the people-occupy a medium-sized space of irregular shape (but not as much as the blades) and are disordered (also less than the blades), the strategies base unit and density are equally chosen as the most appropriate. However, in P2-Tiles and P4-Cars, where the elements -tiles and cars-are orderly arranged and regular in shape, base unit and linearisation are the strategies chosen as most appropriate. These strategy-problem relationships, according to context, are very similar to those found with prospective teachers [START_REF] Ferrando | Relations entre contexte, situation et schéma de résolution dans les problèmes d'estimation [Relationships between context, situation and resolution scheme in estimation problems[END_REF][START_REF] Ferrando | Analysis of the relationship between context and solution plan in modelling tasks involving estimations[END_REF], although it should be noted that, overall in the Fermi problem sequence, experts chose density as the most appropriate strategy (followed by base unit), while prospective teachers more frequently used base unit (followed by density). In addition, very few experts choose that there is no one most appropriate strategy for every problem, indicating that the idea of adaptivity is important in solving modelling problems. These results allow us to develop the idea of [START_REF] Nistal | Flexibility in problem solving: Analysis and improvement[END_REF], who pointed out that contextual features might influence the strategy chosen as most appropriate. This is the case, and in the second research question, we will try to see what reasons may underlie the choice.

Q2. What criteria justify the choice of a certain strategy as the most appropriate?

The answers to the second question of the expert questionnaire show that the accuracy of the estimate obtained in a Fermi problem is the criterion most often chosen to determine the most appropriate strategy, and that this criterion always applies to all strategies. However, we know that in Fermi sequence problems the number of elements is unknown and that the estimate depends on assumptions and partial guesses (Ärlebäck, 2009), the accuracy of which is difficult to validate experimentally.

On the other hand, the results also show that there is a significant relationship between the strategies chosen by the experts as most appropriate and the other two criteria with which they justify them: rapidity and rigour. The first criterion refers to the computationally simplest strategy. Rapidity has often been used in studies on adaptivity in arithmetic problems [START_REF] Lemaire | Four aspects of strategic change: Contributions to children's learning of multiplication[END_REF]. Rigour refers to the strategy with the highest number of realistic assumptions that ensure the most thoroughness for the procedures. It is a specific criterion for modelling problems, obtained from previous studies [START_REF] Segura | Análisis de los factores de complejidad en planes de resolución individuales y resoluciones grupales de problemas de estimación de contexto real [Analysis of the complexity factors in individual and group resolution plans for real context estimation problems[END_REF]. Rapidity and rigour are based on the development of the strategy itself, and do not need validation with real-world data, so they are operational appropriateness criteria. The experts' choices validate the use of these three appropriateness criteria, one potential (accuracy) and two practical (rapidity and rigour). In addition, no expert suggests a different criterion. Therefore, we can exclude other appropriateness criteria than those chosen in this study.

Let us now try to explain the relationships found between the strategies and the practical criteria of rapidity and rigour. As shown in Table 2, rapidity is the appropriateness criterion associated with base unit (estimating how many times the area occupied by an element fits in the total area). Indeed, as the strategy analysis schemes of [START_REF] Albarracín | The role of context for characterising students' strategies when estimating large numbers of elements on a surface[END_REF] show, base unit is the strategy that involves the fewest number of arithmetic calculations. For example, in P1-People we should estimate the length and width of the porch and multiply them. We must also estimate the area occupied by one person, and divide one area by the other. These are two arithmetic calculations. In contrast, linearisation involves several calculations to obtain a linear estimate and then the Cartesian product to obtain the total estimate. In this case, in P1-People we must estimate the length of the porch and estimate the length occupied by one person, and divide, obtaining the number of people along the length of the porch. We must do the same with the width, and, finally, we must multiply both linear estimates. These are three arithmetic calculations. Finally, density involves calculations within a defined area to obtain a partial estimate of the number of elements, and then reasoning proportionally to obtain the total estimate. In this case, in P1-People, we must delimit an area, for example, 4 square metres, and estimate how many people will fit (or try it out). Then we must estimate the width and length of the porch, to obtain the total area by multiplying. Then, we should divide the total area by the defined area (4 square metres) and multiply by the number of people that fit in that defined area. This involves at least three arithmetic calculations and a partial estimate. Analysis of strategies for this problem sequence in previous studies [START_REF] Ferrando | Analysis of the relationship between context and solution plan in modelling tasks involving estimations[END_REF] supports the rapidity comparison.

Table 2 also shows that rigour is clearly associated with density, and also, but less so, with linearisation. In the case of density, the partial estimation of the number of elements within a defined area, smaller than the total area, ensures more empirical support than the other strategies; it is a more thorough procedure. The strategy scheme of [START_REF] Albarracín | The role of context for characterising students' strategies when estimating large numbers of elements on a surface[END_REF] shows that density allows the adoption of a realistic assumption that is not present in the other strategies: heterogeneity in the distribution of elements. In the analysis of the realistic assumptions made by pre-service teachers when solving this sequence of problems, it was found that they appeared to be more associated with density [START_REF] Segura | Análisis de los factores de complejidad en planes de resolución individuales y resoluciones grupales de problemas de estimación de contexto real [Analysis of the complexity factors in individual and group resolution plans for real context estimation problems[END_REF]). In the case of the association of linearisation with rigour, the explanation is more nuanced. The recourse to calculating a linear estimate of the number of elements in a length can be associated with thoroughness, since we obtain a partial (linear) estimate before the total estimate. However, for this procedure to be rigorous and the linear estimate to make sense, the elements must be ordered in rows and columns [START_REF] Albarracín | The role of context for characterising students' strategies when estimating large numbers of elements on a surface[END_REF].

The relationship between contextual features of the Fermi problems and strategy highlights the appropriateness criteria. As can be seen in Table 3, in P3-Grass the only strategy chosen as appropriateness was density, and this means that the problem must be tackled with rigour. If we take into account the disorder in the arrangement of the blades, their irregular shape and small size, it is evident that it demands greater care and thoroughness than those problems, such as P4-Cars, which present regular and ordered elements, so that areas can be calculated quickly and without losing plausibility in the estimation process. In the case of P1-People, the area occupied by a person, although it can be considered irregular, is not very variable (it is much less variable than the shape and size of the blades). Therefore, as shown in Table 3, if the solver follows a rapidity criterion, it will select base unit, considering that the areas occupied by people are equal. If the solver follows a rigour criterion, then he will choose density, so he/she can assume heterogeneity in the areas occupied by people. In the case of P2-Tiles and P4-Cars, since the elements are ordered by rows and columns, if the solver opts for rigour, he/she will calculate a partial estimate of the number of elements per row and per column, which may give him/her more confidence in the estimation process.
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 1 Figure 1: First question of the expert questionnaire for P1-People

Table 1 : Sequence of Fermi problems and contextual features Statement Contextual features

 1 

P1-People. How many students can fit on the porch of the Faculty of Education? Element size: medium; elements arrangement: disorderly; element shape: irregular; space size: medium P2-Tiles. How many tiles are there between the Faculty building and the gymnasium? Element size: small; elements arrangement: orderly; element shape: regular; space size: large P3-Grass. How many blades of grass are in this space? Element size: small; elements arrangement: disorderly; element shape: irregular; space size: small P4-Cars. How many cars can fit in the Faculty car park? Element size: large; elements arrangement: orderly; element shape: regular; space size: large

Table 2 : Relationship between strategies and appropriateness criteria

 2 

		Counting	Linearisation	Base unit	Density	No more appropriate
	Accuracy	5	29	44	78	4
	Rapidity	0	8	78	34	4
	Rigour	1	35	17	72	1
	No criteria	0	0	0	2	11

Table 3 : Most appropriate strategies for each problem and their criteria

 3 

	Counting	Linearisation	Base Unit	Density
	P1		Rapidity	Rigour
	P2	Rigour	Rapidity	
	P3			Rigour
	P4	Rigour	Rapidity	
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Conclusions

The results obtained provide an answer to the theoretical challenge of determining what is meant by the most appropriateness of a strategy in the Fermi problem domain [START_REF] Heinze | Flexible and adaptive use of strategies and representations in mathematics education[END_REF]. We have identified three appropriateness criteria with different characteristics: one potential (accuracy) and two practical (rapidity and rigour). Furthermore, the associations found between problem characteristics, strategy and appropriateness criteria can help to study adaptivity in modelling problems. Specifically, we have determined, according to the contextual features of Fermi's problems, which strategies are the most appropriate and which criteria they address. Indeed, one line of work for the future is to measure the extent to which students' strategies when solving Fermi problems fit Table 3. This would allow us to know whether students choose the most appropriate strategy for each problem and which appropriateness criteria are most followed. This can contribute to the study of modelling competence from a creativity perspective [START_REF] Lu | Creativity in students' modelling competencies: Conceptualisation and measurement[END_REF].