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Students' use of assumptions to solve a modelling task with much or little personal interest in the real-world context of the task
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The real-world context of a modelling task is crucial to solve the task. Now students can be more or less interested in the real-world context of the task. In which way this (lack of) personal interest influences the solution process of the task is investigated in this project. Here the focus lies on the making and using of assumptions during the modelling process. To investigate this, a qualitative study was conducted. Ten seventh graders worked individually on two modelling tasks, one with much personal interest in the context (a) and one with little personal interest in the context (b). The comparison of each student's solution process for the two tasks shows that there are differences between the cases (a) and (b), for example in the complexity of the modelling process.

Introduction

Mathematical modelling is an important competence that can be found in the curricula of many countries (e.g. [START_REF] Greefrath | Teaching and learning mathematical modelling: Approaches and developments from German speaking countries[END_REF][START_REF] Niss | Mathematical competencies revisited[END_REF]National Governors Association Center for Best Practices & Council of Chief State School Officers, 2010). As modelling is quite difficult for teachers and students [START_REF] Blum | Mathematical modelling: Can it be taught and learnt[END_REF] the selection of appropriate modelling tasks is crucial. In contrast to intra-mathematical tasks a modelling task has a real-world context which could also be relevant for the decision. [START_REF] Schukajlow | Are interest and enjoyment important for students' performance?[END_REF] raised the question if interest in the task context might influence student performance on a modelling task, similar to the effect they found for mathematical interest. Prior studies have shown an influence of context interest on the solution of mathematical word problems [START_REF] Renninger | Individual interest as context in expository text and mathematical word problems[END_REF] and an influence of mathematical prior knowledge on the solution of modelling tasks [START_REF] Krawitz | Activation and monitoring of prior mathematical knowledge in modelling processes[END_REF]. Consequently, there is the possibility that personal interest affects the solution of modelling tasks, also because interest is accompanied by differentiated knowledge in the area of interest [START_REF] Krapp | An educational-psychological conceptualisation of interest[END_REF]. The PIMO project (Personal Interest and MOdelling tasks) investigates the influence of students' personal interest in the real-world context on the working on modelling tasks. First results showed that the ratio of realistic to unrealistic assumptions made during the modelling process is slightly better and that assumptions are more frequently justified when students have much interest in the real-world context of the task (Kämmerer, submitted).

In this paper the focus lies on the modelling process that evolves based on the assumptions students make. Thus, the research question is: How do students use their assumptions to solve a modelling task when they have much or little personal interest in the real-world context of the task? To have a good overview of the assumptions and calculations made, the modelling processes are shown using an adapted version of the thought structure by [START_REF] Reit | An analysis of learners' solution strategies in the context of modelling tasks[END_REF].

Theoretical framework

Personal interest

There are many different views on interest. This paper is based on the person object theory of interest [START_REF] Krapp | An educational-psychological conceptualisation of interest[END_REF] and the four-phase model of interest development [START_REF] Hidi | The four-phase model of interest development[END_REF]. Personal interest, also called individual interest, is always content specific, more or less lasting like a trait [START_REF] Krapp | An educational-psychological conceptualisation of interest[END_REF] and accompanied by "positive feelings and, more stored knowledge and more stored value" (Hidi & Renninger, 2006, p. 116) than for other content. In contrast to personal interest, situational interest is more variable and can be elicited by conditions of a learning situation [START_REF] Krapp | An educational-psychological conceptualisation of interest[END_REF]. Personal interest is suitable for the PIMO project because it is easier to apply due to its stability in contrast to the fast-changing situational interest.

Modelling tasks

Mathematical modelling means solving a problem emerging from a real-world situation with the help of mathematics [START_REF] Borromeo Ferri | Learning how to teach mathematical modeling in school and teacher education[END_REF]. Therefore, mathematical modelling tasks can be characterised by numerous criteria such as openness, authenticity or relevance (e.g. Borromeo Ferri, 2018;[START_REF] Greefrath | Modelling problems in German grammar school leaving examinations (Abitur)-Theory and practice[END_REF][START_REF] Maaß | Classification scheme for modelling tasks[END_REF] all of which also affect the real-world context of the task. Modelling processes are often analysed with a modelling cycle like the one of Blum and Leiss (2007). The making of assumptions is part of the simplifying step [START_REF] Blum | Mathematical modelling: Can it be taught and learnt[END_REF]) and means obtaining missing information. Here, the focus lies mainly on making numerical assumptions, which are often obtained by the estimation of values. To do so, extra-mathematical knowledge is needed, so there is an opportunity for personal interest (or the lack thereof) to influence this process. With regard to the use of assumptions during the further modelling process, an overview of the entire process is needed. Therefore, an adaption of the thought structure (after [START_REF] Reit | An analysis of learners' solution strategies in the context of modelling tasks[END_REF] is used rather than the display of steps in the modelling cycle.

Thought structure

This paper only gives a brief overview of thought structures for more details see [START_REF] Reit | An analysis of learners' solution strategies in the context of modelling tasks[END_REF]. A thought structure (Figure 1 & 2) illustrates the logical structure of a modelling process, i.e. it shows the steps (mostly calculations) that were made to come to the final solution and consists of single thought operations that are positioned tree-like in several layers from the top to the bottom.

A thought operation is a necessary structuring process for finding a solution, which results directly (i.e. without intermediate calculations) from one or several previous data. Previous data are either (intermediate) results from previous thought operations or given data from the tasks' text. (Reit, 2016, p. 58, as cited in Reit & Schäfer, 2020) Thought operations that are prerequisite for another thought operation are positioned in a previous layer. Take the beginning of Finn's modelling process as an example: Finn:

Weil normalerweise, wenn man davon ausgeht, dass der Monat 4 Wochen hatte und 2 Monate nicht trainiert wurden, dann wären ja eigentlich 8 Trainings ausgefallen.

Because normally, if you assume that the month had 4 weeks and 2 months were not trained, then actually 8 trainings would have been cancelled.

In Figure 1 you can see how Finn combines the information "months of missed training" (which is given as 9 months in the task; box A) and the number of "weeks per month" (box B) to deduct the number of "weeks missed training" (box C), which is thus in the next layer.

As the aim of the PIMO project is different from Reit and Schäfer, some adaptions are made: First, the value of a thought operation (often an assumption or a calculation) is noted too. Second, all made assumptions are considered, even when they are not used in the further process. Third, every thought operation is supplemented by an additional information (e.g. realistic or unrealistic, see section analysis). Consequently, an adapted thought structure (Figure 1 & 2) shows how a student calculated the final result as well as all assumptions that were made and an overview of realistic or unrealistic thought operations. 

Methods

The study consists of three steps. First, students filled out a questionnaire stating their interest in different contexts with the item "I am interested in …". Based on the answers students who could be assigned a task with much interest in the real-world context (task I+) and a task with little interest in the context (task I-) were selected for further participation. Second, selected students worked as a group on an example task to get used to modelling tasks. Third, one week later, every student worked individually on the task I+ and task I-and a buffer task in between while thinking aloud. The process was recorded on video. The sequence of task I+/I-is altered throughout the entire sample.

Tasks

Modelling tasks for the contexts soccer/volleyball "training camp" task (Figure 3), running "running challenge" task (Figure 4) and arts and crafts ("flowers out of crepe paper" task), were developed.

The developed tasks should be similar except for the context, because it is intended to compare the working on the task I+ with the task I-for every single student. As this is not possible for modelling 

Sample

In this paper the modelling processes of 10 students are analysed. The sample consists of students of 7 th grade from two German high schools (Gymnasium). All students are 12 or 13 years old and have good or very good grades in mathematics.

Analysis

The working processes of the first and the third task are compared for every student. For this purpose, a sample solution with focus on numerical assumptions consisting of a solution table of possibly useful assumptions was created for every task and supplemented with an interval of a realistic value.

A combined deductive-inductive approach was used to determine these assumptions, based on student solutions from a pilot study. The realistic intervals were determined independently by two researchers and established through discourse. Subsequently, the values that the students used to solve their modelling tasks and that were not given in the task were extracted from the transcripts of the videos and entered into the solution table. The thought structures were created based on the solution table, but they contain even more information about the whole process students underwent to come to the estimation of a value, because they consist of thought operations, i.e. "all necessary structuring processes for finding a solution" (Reit, 2016, p. 58, as cited in Reit & Schäfer, 2020). For example, the solution table just lists, that Finn assumes that 18 training sessions with parents took place, but in the thought structure (Figure 1, layer 2 & 3) you can see, that he assumes that parents trained the kids every 1 to 2 weeks to come to this estimation.

During the analysis some details of solution processes seemed to be relevant for the research question, therefore, the field for additional information was added to the coding guide in order to note special features of a thought operation. The field could display the state of the thought operation as realistic, unrealistic, implicit or given as well as information about occurring calculation errors, misunderstood data from the task text or unclear utterances. After constructing the thought structures, these details were compared for the task I+ and task I-of every student. Additionally, the ratio of realistic to unrealistic assumptions was calculated for every task and the influence of unrealistic assumptions on the final solution was evaluated. When all the following thought operations were unrealistic, the influence was considered high, while in other cases the influence was considered lower, when the 

Results

Analysing all 10 cases, the comparison of the task I+ and task I-show that during the modelling process of both task types misunderstandings occur. Some other characteristics are different for the tasks with much/little interest. For tasks with much interest in the context:

• the number of thought operations used is greater than for tasks with little interest,

• more solutions are almost complete i.e. many/all of the necessary assumptions are made,

• more calculation errors occur and • the ratio of realistic to unrealistic assumptions is greater (or equal) for tasks I+ than (to) tasks I-, which is in line with prior results of the project (Kämmerer, submitted). For tasks with little interest in the context the study shows, that:

• the number of thought operations used is smaller,

• in some cases, several unrealistic or missing assumptions, misunderstood values or calculation errors compensate each other and • the final solution is more often realistic. To illustrate how these results were obtained from the comparison of the two tasks of each student, the case of Finn is shown as an example with interesting characteristics: Finn works on his task with much interest, training camp, first (Figure 1) and on his task I-, running challenge, last (Figure 2). He arrives at an unrealistic solution for his task I+ and a realistic one for his task I-. He uses more thought operations to solve the training camp task than for the task I-. At first, he misunderstands the task and presumes two months of missed training instead of nine as given in the task. When he notices his mistake, he corrects it, but commits an error calculating the weeks of missed training (Figure 1, box C, first correction). He also notices that he forgot to consider that two sessions are missed per week and corrects this as well (Figure 1, box C, second correction). It remains unclear if he thinks six hours for meals are sufficient for the whole camp or estimates this as the number of hours per day but miscalculates it (Figure 1, box D). Six out of eight assumptions are realistic, with the remaining two being classified as unclear and unrealistic, respectively. He takes all necessary assumptions into account and gives additional details about the lower quality of the sessions with parents. The result is unrealistically low, because of his mathematical error in the beginning and the assumption about break times in the camp.

Working on the running challenge task (Figure 2), he makes five out of six realistic assumptions where the unrealistic assumption is the only implicit one. He commits an error calculating the number of days of the challenge, but does not continue this thought operation. He omits the running during the free time. Thus, his final result is realistic because the unrealistic assumption and the missing assumption compensate each other.

Considering both processes, his results demonstrate that the influence of unrealistic assumptions is higher in his task I+, where the unrealistic assumptions amplify each other, while in his task I-the unrealistic and missing value compensate each other.

Discussion and conclusion

Considering the thought structures of all students, it becomes apparent, that not only the number of thought operations differ, but there are also differences in the way students' realistic or unrealistic assumptions affect their solution of modelling tasks when they have much or little personal interest in the real-world context of the task. In some cases (mostly task I-), several unrealistic assumptions did compensate each other while in other cases they amplified the effect on the final solution. One suggestion to explain these characteristics could be as follows: As students consider more details during the modelling process for tasks with much context interest, their mathematical model becomes more challenging. Therefore, there are more opportunities to make mistakes, but since they tend to make fewer unrealistic assumptions, they do not compensate for each other (as in tasks I-), which leads more often to unrealistic final results. The reasons for this behaviour could lie in the characteristics of personal interest as there is a "high subjective esteem for the objects […] of interest" (Krapp 2007, p. 11). Consequently, the solution is more important to students, so they want to be good at the task and try harder during the whole process. This could also be the reason for shorter solutions for tasks with little interest. Additionally, students tend to have more detailed knowledge in their area of interest [START_REF] Hidi | The four-phase model of interest development[END_REF] which could enable them to think of more details and make more realistic assumptions. The study of [START_REF] Krawitz | Activation and monitoring of prior mathematical knowledge in modelling processes[END_REF] showed that the influence of prior mathematical knowledge is quite different depending on the appropriateness of the activated knowledge. This can be observed in a similar way in this study for the real-world context, for example when students assume a different number of flowers per bouquet [1-10] depending on their prior experiences with this context. To what extent the presented findings can be transferred to other settings is unclear for now, as the study sample is still small the tasks could have an influence, as evidently not all tasks have the same characteristics. Therefore, the study should be repeated with a larger sample and more modelling tasks. It could be also necessary to look deeper into the reasons for the behaviour of the students to find out why they considered certain assumptions and others not or how they estimated the assumed values. So far, the focus of the analysis lay more on the first modelling steps, thus the analysis is to be extended to the entire process. The next steps of the PIMO project are to deepen the analysis by comparing the modelling performance (overall or of certain steps) for task I+ and task I-to gain further insight in the modelling processes of students when they have much or little personal interest in the real-world context of the task. Based on the current (preliminary) results, a suggestion for teachers might be to favour modelling tasks that match their students' personal interests when learning how to make realistic assumptions.
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 1 Figure 1: Thought structure for Finn's solution of the training camp task with much interest in the context. Arrows show where the thought structure continues; CE means calculation error
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 23 Figure 2: Thought structure for Finn's solution of the running challenge task with little interest in the context. CE means calculation error; implicit assumption is marked with dotted lines
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 4 Figure 4: Modelling task for the real-world context running
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