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The goal of this study is to categorise transformations of existing problems performed by preservice primary teachers (PPTs). For this purpose, we propose to PPTs from Autonomous University of Barcelona (Spain) to transform two multiplicative problems from two primary school textbooks. Following a content analysis, we carry out a deductive-inductive coding process of the problems posed, establishing as main categories the four main elements of a problem proposed by Malaspina (2003). We describe the categorisation of the context transformations in detail and illustrate its four subcategories. The results highlight the abilities of PPTs to perform context transformations that encourage the engagement of potential solvers in the problem situation.

Introduction

There is a broad consensus about the potential of problem solving as an approach to teaching mathematics, which promotes a deep understanding of mathematical knowledge and the development of mathematical abilities. Therefore, students should approach mathematical problems, being the teacher's responsibility to select the mathematical tasks to be faced by his or her students. Although the ability to formulate problems has been studied in mathematics education research (e.g. [START_REF] Kilpatrick | Problem formulating: Where do good problems come from?[END_REF], the focus has been mainly on students' formulation processes, requiring greater attention on teachers' ability and capacity to propose problems [START_REF] Crespo | Learning to pose mathematical problems: Exploring changes in preservice teachers' practices[END_REF].

We understand that proposing school problems is a professional competence of mathematics teachers in the sense of Weinert's competence (2001), meaning the development of cognitive abilities and motivational and volitional aspects to allow teachers to deal with problems of different nature. In particular, the professional competence of formulation of school problems (Carrillo, et al., in press) is seen as the teacher's ability to propose problems to their students, with the intention of encouraging the construction of mathematical learning. This competence is expressed by three skills: creating, selecting, and transforming problems. We focus on the latter skill, concretely the research question we address here is: how do PPTs transform existing mathematical problems? The aim is to categorise the transformations of multiplicative problems from school textbooks performed by PPTs. We select problems from textbooks as they are a didactic resource widely used by teachers for teaching and learning mathematics in the classroom [START_REF] Fan | Textbook research in mathematics education: Development status and directions[END_REF][START_REF] Hadar | Opportunities to learn: mathematics textbooks and students' achievements[END_REF].

Next, we present our theoretical view on problem formulation and transformation, as well as the four main elements of a problem [START_REF] Malaspina | Variaciones de un problema. El caso de un problema de R. Douady. UNION[END_REF]. Then, the design and qualitative methods of data analysis are introduced. Finally, we describe the categorisation of the context transformations and conclude with reflections on the results and their implications on the PPTs' training.

Theoretical framework

Problem posing has a plural nature. It can be conceived as a professional activity inherent to mathematicians when they create problems for the development of the discipline. It can also be seen as a learning dynamic at different levels of schooling, aimed at promoting a deep and relational understanding of mathematics [START_REF] Kilpatrick | Problem formulating: Where do good problems come from?[END_REF]. Likewise, as a professional activity of mathematics teachers, focused on proposing problems to their students as learning tasks [START_REF] Milinkovic | Conceptualizing Problem Posing via Transformation[END_REF]. Formulating mathematical problems demands creativity [START_REF] Silver | On mathematical problem posing[END_REF], since it requires taking a proactive attitude towards mathematics, coordinating different mathematical elements in the construction of word problems. Therefore, it is a complex and cognitively demanding activity [START_REF] Silver | On mathematical problem posing[END_REF]. Depending on the nature of the mathematical content, posing a problem could require a greater proficiency on specific abilities, such as visualisation in the case of geometry.

In the case of teachers' training, problem formulation is considered a powerful tool for understanding mathematical and didactical knowledge (e.g. Tichá & Hospesová, 2013). Moreover, problem formulation has been used as a tool to develop professional competences, such as sensitivity to students' mathematical thinking [START_REF] Xu | Teachers' predictions of students' mathematical thinking related to problem posing[END_REF]. However, teachers' ability to propose problems to their students has received less attention [START_REF] Crespo | Learning to pose mathematical problems: Exploring changes in preservice teachers' practices[END_REF]. This ability has multiple ways of being expressed in professional contexts (Carrillo, et al., in press), for instance, the transformation of existing problems [START_REF] Milinkovic | Conceptualizing Problem Posing via Transformation[END_REF][START_REF] Lavy | Posing mathematically worthwhile problems: developing the problem-posing skills of prospective teachers[END_REF]. From a professional perspective, transforming a problem involves modifying one or more elements of the word problem with a didactic intentionality that may have an impact on the problem solving process [START_REF] Lavy | Problem posing via "what if not?" strategy in solid geometry-a case study[END_REF].

The professional competence in the formulation of school problems is transverse in nature to the teaching activity itself. During the preparation of a lesson, a teacher can create, select, or transform problems when designing tasks for the students. For example, [START_REF] Lavy | Problem posing via "what if not?" strategy in solid geometry-a case study[END_REF] propose transforming geometry problems using the "What if not...?" strategy. On the other hand, during a lesson, in response to a student's intervention, a teacher may decide to propose a problem to focus reflection on certain mathematical knowledge. Finally, at the end of a lesson, a teacher may reflect on some possible transformations of the problems proposed to the students, either for future courses or to propose similar problems in following lessons. [START_REF] Malaspina | Variaciones de un problema. El caso de un problema de R. Douady. UNION[END_REF] suggests that a word problem can be broken down into four main elements: information, i.e., the elements provided explicitly or implicitly in the word problem; problem context, which can be either extra-mathematical or intra-mathematical; problem requirement, usually expressed as a question, which determines the goal to be achieved; and mathematical environment, understood as the mathematical elements useful for solving the problem. In this study we assume that transforming a problem implies changing at least one of the main elements. We consider that the information of a problem is transformed when some mathematical elements (numerical, algebraic, graphical, ...) of the problem are eliminated, added, or changed for others. In the case of the context, a transformation occurs when the situation related to the written word problem is totally or partially changed, extended or eliminated. Likewise, transforming the requirement involves changing, extending, or eliminating the explicit or implicit demand of the problem. Finally, transforming the mathematical environment implies changing the mathematical area useful for approaching the resolution of the problem. For example, when multiplicative problems are changed to others that are intended to be solved through elements of additive structures, or when problems focused on exact division are modified to include a possible remainder. The transformations of different elements entail the coordination of the information eliminated and added with the existence of a solution, as well as the consistency between the different expressions of a mathematical element and the element itself (Wessman-Enzinger and Tobias, 2020, Montes, et al., in press).

Methodology

We design a written protocol addressed to PPTs with four tasks involving the transformation of multiplicative problems from two primary school textbooks widely used in Spain. We restrict the mathematical content to multiplication and division because this crucial content at primary school has already been introduced to the participating PPTs during a previous course. We collect 67 written protocols solved individually by PPTs in the third year of the Primary Education Degree of the Autonomous University of Barcelona (Spain) in 2020-2021. For each task of the protocol, participants proposed one or more modifications to the given problems. We identify one or more transformations in each modification. For example, a PPT can extend the context (context transformation) and eliminate a numerical element (transformation of information) in the same modification. In total, the data consists of 186 modifications, 93 for the first problem and 93 for the second. Here, we present methods and results related to the analysis of the modifications proposed in the first task, which suggests modifying two word problems to promote the mathematical learning of the contents identified (Figure 1). Both problems correspond to the structure of isomorphisms of measures, where the proportion between two measurement spaces is established [START_REF] Vergnaud | Multiplicative structures[END_REF]. The first problem belongs to equal groups situation where the total number of elements is unknown. The second is a quotative division problem where the number of sets is unknown. Both problems have an extra-mathematical context with visual models of multiplication and division. Within a qualitative methodology, we conducted a content analysis in two phases: preparing and organising [START_REF] Elo | The qualitative content analysis process[END_REF]. The aim is to describe the transformations proposed by PPTs as the result of a deductive-inductive coding process of each modification.

Preparing stage. In this stage, we familiarised with the whole data and established each modification as the unit of analysis. We also determined the central categories of coding: information, context, requirement, and mathematical environment [START_REF] Malaspina | Variaciones de un problema. El caso de un problema de R. Douady. UNION[END_REF]. Then, we drew inspiration from the data and question codes proposed by [START_REF] Lavy | Problem posing via "what if not?" strategy in solid geometry-a case study[END_REF] to create, a priori, some codes that were refined in the following analytical stage.

Organising stage. We begin the coding process by creating new emergent codes that are refined by comparing, contrasting, and abstracting codes across larger and larger samples of the data. The process is carried out in three rounds with the following structure: first each researcher codes the same sample, then a list of codes is agreed upon by the three authors and, afterwards, each researcher analyses an extension of the initial sample using the new codes. We record the agreements adopted in the joint discussions, which focus on the delimitation of the meanings of each code, the conditions of occurrence and the grouping of codes in each of the main categories. The final codes express the element transformed and the specific action to transform it, considering three actions: changing an element for another of the same class, extending an element, and eliminating one of the problem elements. This leads to descriptive codes such as changing to another extra-mathematical context or eliminating the context. Once a stable code set is established, we count the frequency of each code in the whole data. For each main category, we calculate the percentage of modifications incorporating at least one transformation from that category. As a result, we find that 77,9% of all the modifications incorporate transformations of information, 73,2% of them contain context transformations, 51% requirement transformations, and 15% mathematical environment transformations.

In this paper, we focus on the four emerging subcategories of context transformations. To highlight the nature of each subcategory, we illustrate each variant with some PPTs' modifications along with excerpts from their justifications.

Context transformations

We find that 73.2% of the PPTs' modifications incorporate some context transformation of the problem. In Table 1 we present the four emerging subcategories that constitute the context transformations, along with their frequency in the data. Context extension is the most frequently occurring transformation of context in the data. It refers to changes in which the word problem is expanded by adding characters, actions, descriptions, or relationships to the original context. These transformations seek to improve the comprehension and access of primary students to the problematic situation presented to them. Hence, the new problems are more realistic and closer to primary students' experiences or contains more detailed descriptions of certain information given in the problem. For instance, in the modification of the PPT UAB1.37 (Figure 2), the story that frames the problem is set in a scenario known to primary students-the school -. Also, the characters and actions introduced facilitate the identification of the student with the main character -making boxes with marbles to give to friends-. UAB1.37 states that simulating a situation close to a primary student's daily life can motivate him or her to solve the problem.

UAB 1.37 Modification:

Bruno has bought 10 boxes to give to each classmate. In each box he wanted to put some marbles, the same amount for all of them! Bruno has already made Joan's box and it looks like this:

Can you tell how many marbles he will need to make all the boxes? Justification:

It is a situation that the student can easily find in his daily life, therefore, it gives meaning to the problem. For the student's learning, it motivates him/her to carry out the problem. In contrast, elements of the visual model -quantity and colour of the marbles in each box-are described in greater detail in the UAB1.4 modification (Figure 3). Therefore, the word problem remarks the multiplicative unit, clarifying the elements that make it up, and suggesting a more detailed mental image in the primary student. Changes in the writing of the context are micro-transformations of text segments of the word problem, such as changing the subject of a sentence that entails a change of the main character of the story in which the context is framed (Figure 4). These transformations are based on a social vision of language with the potential to transform sociocultural and affective aspects. For example, UAB1.25 changes the gender of the main character in response to a change in socially established gender roles. On the other hand, UAB1.2 changes the subject to the second person singular which places the reader as the main character of the story. As UAB1.2 explains in her justification, the context is more relevant to a potential solver and encourages his or her immersion in the problem Less frequently, we found changes to another extra-mathematical context (in no case was there a change to an intra-mathematical context) that implied a change in the scenario, objects, subjects or actions of the original context, i.e., a change in the phenomenon mathematised in the problem. Mostly, the new context poses a scenario and actions familiar to elementary school students, such as eating at school in the problem proposed by UAB1.7 (Figure 4). On other occasions, we find changes that incorporate references to other mathematical contexts such as measurement in the problem posed by UAB1.63 (Figure 5). Finally, we found only two modifications with the context eliminated, i.e., the written word problem is deleted. This transformation appears together with a change of requirement. Either the execution of a mathematical operation is demanded, or the word problem is demanded from the graphical or symbolic-algebraic elements given. This is the case of UAB 1.3, who proposes: "show them the operation they have to perform, 30:5, and explain to them that they have to invent a word problem".

Final reflections

This study is part of a broader research project whose final goal is to characterise the professional competence in the formulation of school problems. Specifically, we are interested in the transformation of existing problems. First, we focus on describing and categorising the transformations that PPTs perform. Here, we present the analysis and preliminary results of this first step. We have illustrated how PPTs, when transforming existing problems, mostly focus on extending, changing, or eliminating elements related to the information and context of the problems rather than transformations focused on the requirement or the mathematical environment.

Regarding context transformations, we have identified four subcategories that describe different types of context transformations that result from extending or changing the context, introducing subtle changes in the writing of the word problem, or eliminating the context. With the first three types, the PPTs mostly encourage the immersion of the primary student in the problem and, to a lesser degree, the transmission of education in human values (such as gender equality) or the combination with other mathematical contexts (such as measurement). It should be noted that we only found two transformations in which the context is eliminated and the word problem itself is demanded. From our perspective, this fact supposes a call of attention on the need to train PPTs in problem posing dynamics as a type of classroom instruction [START_REF] Silver | On mathematical problem posing[END_REF][START_REF] Malaspina | Variaciones de un problema. El caso de un problema de R. Douady. UNION[END_REF].

It must be assumed that if students are to solve problems, their teachers must be active agents in the selection and generation of tasks focused on problem solving. Therefore, this line of research should result in the design of formative tasks for PPTs to develop and systematise their abilities to transform existing problems as the initial step on the route to create entirely new problems (Leavy & Hourigan, 2019). It seems promising to base these tasks on the adaptation and transformation of textbook problems, given their very wide use in Primary Education [START_REF] Hadar | Opportunities to learn: mathematics textbooks and students' achievements[END_REF]. This will require transcending the cognitive perspective we assumed here about the professional competence to pose school problems, taking into account volitive and motivational aspects, in order to ensure a whole development of the competence.

  Modify the following two word problems to promote the understanding of the mathematical content you identify. For each modification, indicate in the table: the type of transformation; the reason why you perform it; and the contribution to the students' mathematical learning. Problem 1: Bruno has 10 boxes with marbles. Each box contains 5 marbles. In total, how many marbles has Bruno? Problem 2: Lola has 30 bracelet beads. She uses 5 beads to make each bracelet. Lola makes … bracelets.
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 1 Figure 1: Word problem of the first task of the protocol

Figure 2 :

 2 Figure 2: Modification and justification of UAB1.37

UAB1. 4

 4 modification: Bruno has a green ball, a red ball, a green ball, a pink ball and a blue ball in a box. If he has 10 identical boxes, how many balls does Bruno have? Justification: Change in the word problem. Longer and more explicit word problem so that students have a better comprehension in reading and understanding it.

Figure 3 :

 3 Figure 3: Modification and justification of UAB1.4

  bracelet beads. To make a bracelet he spends 5 beads. How many bracelets will he be able to make with the beads he has? Justification:Change in the writing of the word problem. From 3rd person singular to 1st. With this change we make the problem more relevant to the student and his context.Justification:Change the main character of the exercise to male to reinforce an image of equality.

Figure 4 :

 4 Figure 4: Modifications and justifications of UAB1.2 and UAB1.25

UAB1. 7

 7 modification: In the school's dining room, there is only space for 10 tables. At each table there can be a maximum of 5 students. How many students can eat at the same time in the dining room? Can the whole class eat together? UAB1.63 modification: Each bracelet beads measures 2 centimetres. If my bracelet has 5 beads, how many centimetres does it measure? Justification: The word problem is a bit more contextualised; the exercise allows students to place the use of mathematics in their lives. A second question is added to show such contextualization. Justification:This change allows to work on measurement units, which is an important concept that is usually forgotten in the first years of primary school.

Figure 5 :

 5 Figure 5: Modifications and justifications of UAB1.7 and UAB1.63

Table 1 : Context transformations subcategories and their frequencies

 1 

		Context Transformations	
	Extending the context	Changing the written	Changing to another context	Eliminating context
		expression		
	73	48	13	2
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