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The starting point of modelling is a situation formulated in a real context. Thus, solving a modelling task requires making sense of and interpreting a real context. However, certain cultural aspects may influence how that reality is interpreted as well as the importance given to it from an affective point of view. In order to identify this influence, we present a comparative analysis of two samples: prospective teachers from Spain and Turkiye. The results of qualitative analysis indicate that there are differences in the way of addressing the task (more developed in the case of Turkish participants). Furthermore, regarding affective aspects, there are no differences in terms of interest, but there are differences in terms of self-confidence and also in the perception of the context of the activity. This leads to conclusions regarding the need to consider the cultural background of solvers when designing modelling tasks and interpreting problem-solvers' models.

Introduction

In this study, we focused on Spanish and Turkish prospective mathematics teachers' cognitive and affective behavior while approaching a Fermi problem given a global context, Covid-19 pandemic restrictions. Although the context involved globally experienced situation, we considered that prospective teachers in different countries might cognitively and affectively approached to the Fermi Problem differently; and therefore, we analyzed two groups of prospective teachers separately and compared.

Fermi problems involve open-ended and ill-defined situations and therefore considered as potential departure for modelling process (Ärlebäck, 2009). The context of the Fermi problem is also influential in developing solutions [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]. Therefore, in this study, we selected the Covid-19 pandemic restrictions as a context of the Fermi problem because both Spanish and Turkish prospective teachers could make sense of it, and it was important to provide a meaningful context to initiate the modeling process [START_REF] Lesh | Principles for developing thoughtrevealing activities for students and teachers[END_REF]. Although the context had the potential for sensemaking of the pre-service teachers in both countries, we conjectured that their models and their interest and self-confidence in modeling might differ, which would give us a chance to discuss mathematics teacher education in Spain and Turkiye. Hence, in this study, we address the following research questions: RQ1.What similarities and differences do we find in the solutions of Spanish and Turkish prospective teachers to the same modelling problem? RQ2. What differences are there in the attitudes (interest and self-confidence) towards the same modelling problem?

Theoretical Framework

Modeling tasks are activities that involve using mathematical concepts and techniques to represent and solve real-world problems [START_REF] Niss | Introduction[END_REF]. Considering that mathematical modelling is the result of an interaction between real-world and mathematical world [START_REF] Lesh | Foundations of a models and modeling perspective on mathematics teaching, learning, and problem solving[END_REF], a partial aim of teaching mathematical modelling and mathematics from a socio-cultural perspective is to enable students to evaluate mathematical models and their real-life applications through mathematical modelling. Therefore, the modeling tasks help prospective teachers develop the ability to communicate mathematical ideas effectively and to connect mathematical concepts to real-world situations, making the subject more relevant and engaging for their future students (Greefath et al., 2021). By establishing a connection to solvers' reality, modelling problems offer students the opportunity to develop greater utility value and interest, indeed matching the real-world context with a student's individual personal interest has been suggested to promote students' sense-making in modelling problems [START_REF] Rellensmann | Does students' interest in a mathematical problem depend on the problem's connection to reality? An analysis of students' interest and pre-service teachers' judgments of students' interest in problems with and without a connection to reality[END_REF].

Fermi problems present a situation in which there is limited actual information known and force the user to make assumptions and estimations in order to find the answer to the initial question (Arlebäck, 2009). One of the particularities of Fermi problems lies in their statement: a question is formulated in a real-world context, but they offer little specific information on how to approach the solving process and usually do not include numerical data [START_REF] Efthimiou | Cinema, Fermi problems and general education[END_REF]. Hence, when solving the problem, it is necessary for the solver to identify those elements of the context that will allow him/her to identify the variables involved in the initial situation in order to build a mathematical model that will subsequently contribute to solving the problem. [START_REF] Albarracín | The role of context for characterising students' strategies when estimating large numbers of elements on a surface[END_REF] analyze how the characteristics of the context influence the evolution of the solutions throughout a sequence of Fermi problems. [START_REF] Albarracín | The role of context for characterising students' strategies when estimating large numbers of elements on a surface[END_REF] investigated how the characteristics of the context are related to future teachers' solution strategies. However, as far as we know, there is not much investigation on to what extent the cultural context of the solvers can, in some way, influence their behavior when tackling a Fermi problem. In this regard, our study has potential to elicit cognitive and affective differences between the models of prospective teachers from two countries. Specifically, we will focus on cognitive aspects (related to how participants solve the modelling task), but also on affective aspects, particularly interest and confidence in the proposed resolution. Interest represents the relationship between a subject and an object (in our case, a mathematical activity) and it is characterized by the engagement with that activity [START_REF] Hidi | The four phase model of interest development[END_REF]. To study confidence, self-efficacy appears as an affective construct based on a person's beliefs about his or her ability to perform a certain activity [START_REF] Bandura | Self-efficacy: Toward a unifying theory of behavioral change[END_REF]. [START_REF] Elfringhoff | What makes a modelling problem interesting? Sources of situational interest in modelling problems[END_REF] analyzed sources of interest in modelling tasks, their results reveal that feelings about the real-world context together with efficacy beliefs played an important role in triggering interest.

Methods

This study is a part of a larger study that included a list of Fermi problems related to the Covid pandemic situation and a short survey regarding each Fermi problem. In the present study, we focus on the relationship between real-world context appraisals in order to study whether there are cultural differences and how this influence prospective teachers' behavior.

Participants

The data set of the larger comparative study mentioned above includes 34 Spanish and 30 Turkish prospective mathematics teachers' written work to four Fermi problems and a survey after each problem that involves both Likert-type items and open-ended questions. The prospective teachers in both countries were in their senior years of the teacher education program, and upon completion of the program they were going to teach mathematics in middle schools (i.e., Grades 5-8).

Data collection and analysis

In this study, we focused on all prospective teachers' written work on the Distanced Seating Plan Problem (see Figure 1). The problem was designed by the researchers considering a real-life context that would make sense to the prospective teachers in both countries and Fermi situation that would require educated estimation. Moreover, in order to study prospective teachers' attitude towards the task we have included two fivepoints Likert scale items (where 1 is "Not true at all" and 5 is "Completely true"). The first item is related to regarding interest ("I think it is mathematically important to be able to solve the problem") and the second one is related to self-confidence ("I think that my answer is correct"). Since we are particularly interested on their behavior regarding the context of the task, we will also analyze their written responses to one of the open-ended question: "What do you think about the context of this problem? (Did you find it interesting, boring, difficult, strange, familiar, or etc.? And why do you think so?)".

The collected data have different characteristics. On the one hand we have qualitative data: the written productions with the solution to the problem posed and the answers to the open-ended question related to the context. On the other hand, we have quantitative responses to the two items of interest and selfconfidence. To analyze the quantitative data, we have verified through a Shapiro-Wilk test that normality cannot be assumed and, therefore, the analysis will be based on a hypothesis test using the U-Mann Whitney test. The analysis of qualitative data analysis involved two phases: (1) Open coding of the solution: reading the responses and coding the characteristics of the solutions, (2) Open coding of the survey question: listing and categorizing prospective teachers' ideas about the problem context

The qualitative data analysis [START_REF] Mayring | Qualitative content analysis: Theoretical background and procedures[END_REF] was first conducted separately, and then through a series of meetings, a consensus code list was constructed, and each data set was analyzed again through the final code list. The authors also met several times to look at the selected solutions from each data set together, hence the triangulation of the data analysis was ensured through a series of comparison of codes.

Regarding the open coding of the solutions, the final question of the problem asks for the number of spectators that can fit in the auditorium, however, this estimate should be derived from the explanation/development of a seating plan. When analyzing the answers, we note, first of all, that not all participants answered both questions. Thus, the first step was to code with 0 or 1 depending on whether the answer included a seating plan or not, and we followed the same coding depending on whether the answer included an estimate. Moreover, the characteristics of the solutions were also analyzed in depth by distinguishing the following categories (see Table 1).

Table 1: Description and example for categorization of written productions

Code Description Example

IVP

The solution only includes the identification of variables and a verbal overview of the procedures.

V

The solution presents a detailed verbal description of the variables and the procedures leading to the solution.

G

The solution is limited to a graphical representation of the seating plan.

E2 solution transcription: "I need to know the safe distance (2seats=1,5m?) and the number of seat by row. The idea is the following:" N The solution describes the procedures in detail and a numerical solution is included.

GN

The solution describes the procedures in detail and includes a numerical solution and a graphical representation of the seating plan.

A

The solution describes the procedures details the procedures and includes a solution in the form of an algebraic expression and can include a graphical representation of the seating plan.

We want to note that the categories of solutions presented in Table 1 was constructed through researchers' a series of individual coding sessions, meeting regularly and comparing solutions, and revising and refining solution categories. Hence, the researchers ensured the trustworthiness of qualitative data analysis. We employed similar reliability concerns in analyzing the open question regarding the context of the problem formulation. After reading all the participants' answers, we decided to identify four recurring ideas: familiarity of context, importance of the question related to the context, difficulty of the problem, and richness of the task. The two first ideas have to do directly with the context, while the other two are related to the problem and the process of solving it. For example, a Spanish participant writes: "This problem is interesting because it relates to a current situation. The context is easy because it is familiar. Also, depending on the chosen level of precision you can increase the number of things to be considered." In this case we have considered that the idea of familiarity, importance and also of richness appears in his/her answer.

Findings Spanish and Turkish prospective teachers' cognitive performances in the fermi problem

Among the Spanish participants, 82% have included in their solution a proposal to distribute occupied seats considering safety distance restrictions. This percentage rises to 83% in the case of Turkish participants. In relation to the question about the number of seats, we have considered both the solutions that include an estimate of the number of attendees and those that propose an estimate of the ratio of seats that can be occupied. Among Spanish participants, 56% obtain an estimate of the number of seats, while this proportion rises to 60% in the case of Turkish participants. Although Turkish prospective teachers tend to perform better, when analyzing the differences in the proportions for each of the two questions, the differences between countries are not significant.

Regarding the characteristics of the solutions provided by prospective teachers, both Turkish and Spanish prospective teachers developed solutions in different ways, ranging from verbal explanations to graphical solution, from numerical calculations involving ratio or percentages to algebraic solution. In Figure 2 we show the distribution of the solutions depending on the categorization explained on Table 1.

We observe that there are differences in the characteristics of the solutions proposed by prospective teachers in Spain and Turkiye, however, the differences are not statistically significant (p=.394). In the productions of the Turkish participants, there is a smaller proportion of solutions categorized as IVP, which are those that simply identify variables and outline the procedures in such a way that it is not possible to give an answer to the question regarding the estimation of the number of seats. Indeed, this is in line with the results of the analysis of the answers to the two questions, where we also observe that the proportion of participants answering this question is higher in the sample of Turkish prospective teachers. On the other hand, we observed differences in relation to the incorporation of graphic representations: only 15% of the productions of the Spanish prospective teachers incorporate them, while the percentage doubles in the case of the Turkish prospective teachers. Overall, it can be seen that the Turkish participants have developed more complete solutions. These differences in performance in solving this problem can be explained by cultural reasons, but in order to better understand the behavior, we will now analyze the questions relating to affective aspects in relation to the proposed task and the context in which it is formulated.

Spanish and Turkish prospective teachers' affective responses in the fermi problem

Table 2 shows the results for the questions on interest and confidence in the problem solved. In the case of interest, the U-Mann Witney test result is 0.593, so there is no significant difference between the two samples. However, in the case of self-confidence, the U-Mann Witney test result is p<0.001, so we infer that there are significant differences. Turkish prospective teachers are significantly more confident in their answers than Spanish prospective teachers. These results are important to interpret the results derived from the qualitative analysis of the productions. Indeed, we have observed that the productions of Turkish prospective teachers are more complete, in the sense that there is a lower proportion of productions that are limited to identifying data and outlining procedures and there is a higher proportion of Turkish prospective teachers who include graphical representations to describe their solution strategy. It is reasonable that participants who strive to develop a more complete solution are more confident in their response. In order to better understand the behavior of the participants when confronted with the problem, we looked at the results of the survey question. As explained in the methodology, the analysis of these responses was based on the appearance of four ideas: familiarity, importance, difficulty and richness. Table 3 shows, for each of the two samples, the percentage of responses that include each of the four ideas considered in the qualitative analysis. From the results of the analysis of this open-ended question, we observe that, although there are no statistically significant differences in the perception of the context, we can see that Turkish prospective teachers have appreciated the richness of the context more than the Spanish. This may explain why the models developed by the Turkish participants are more complete than those developed by the Spaniards. On the other hand, we also observed that the Spanish prospective teachers perceived the context as difficult to a greater extent. These results confirm the information on self-confidence, since the perception of difficulty directly influences a solver's belief in his or her ability to complete an activity [START_REF] Bandura | Self-efficacy: Toward a unifying theory of behavioral change[END_REF]. In relation to the importance and familiarity of the context, two aspects related to interest, the differences are very subtle but, in this case, it is not inferred that greater interest leads to better performance; this result is consistent with the results of [START_REF] Rellensmann | Does students' interest in a mathematical problem depend on the problem's connection to reality? An analysis of students' interest and pre-service teachers' judgments of students' interest in problems with and without a connection to reality[END_REF].

Conclusion

Modelling problems, by their formulation in a real context, encourage solvers to make use of their knowledge of reality, connecting it with their mathematical knowledge (Greefath et al., 2021). In this exploratory study we were interested in how the perception of the real context in which a modelling problem is formulated may relate to performance in tackling the task. We have observed that, while there do not appear to be cultural differences in relation to familiarity and importance of the context, the identification of the richness of the context and thus of the elements of task complexity influence the development of more complete models [START_REF] Albarracín | The role of context for characterising students' strategies when estimating large numbers of elements on a surface[END_REF]. In this regard, we think that the experiences that Spanish and Turkish prospective teachers had in their teacher education programs might be influential; that is, while Spanish prospective teachers were trained with an emphasis on pure mathematics courses, Turkish prospective teachers enrolled in a balanced program where they took education courses in which they engaged in contextual mathematics problems and even modeling activities. Due to such differences, prospective teachers might have approached the richness of the context and modeling process differently. Furthermore, an important feature of the study is that we have approached cognitive and affective analysis in an integrated way by combining quantitative and qualitative analysis. A limitation of the work is that we have focused on a single Fermi problem; in the future it would be useful to complete this study with a similar comparative analysis with other tasks defined in a different real context.
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Table 2 : Results from 5-point Likert scale questions about interest and self-confidence
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		Interest	Self-confidence
	Spanish	3,73 (SD 0,99)	2,67 (SD 0,84)
	Turkish	3,83 (SD 1,12)	3,53 (SD 0,97)

Table 3 : Results of qualitative analysis of the survey question
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		Important	Difficult	Familiar	Rich
	Spanish	58%	62%	39%	23%
	Turkish	50%	60%	30%	40%