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Successful problem posing is heavily based on the ability to see and use the structure of the given problem. Therefore, the students must develop the mathematical habit of mind of 'seeking and using structure'. Up to now, these two areas of problem posing and mathematical habits of mind are examined separately in the relevant research literature. In this paper, we present an instrument that attempts to bridge these two areas. The instrument monitors the student's problem-posing strategies and assigns a numerical weight in the solver's choices according to how powerful they can be considered from the mathematical point of view. Finally, some suggestions for the instrument's implementability in the research, mathematics teachers' education, and classroom settings are made.

Introduction

Problem posing is gradually gaining more attention in both the research community and in school daily practice in mathematics. Since one can find more than one definition in problem posing (Papadopoulos et al., in press) we choose in this paper to align with Silver's (1994, pp. 19) definition who sees problem posing as "both the generation of new problems and the re-formulation of given problems". Cai et al. (2015, pp. 4) mentioned that "despite the interest in integrating mathematical problem posing into classroom practice, our knowledge remains relatively limited about the cognitive processes involved when solvers generate their own problems, the instructional strategies that can effectively promote productive problem posing, and the effectiveness of engaging students in problem-posing activities". So, to go deeper into how students generate their own problems, we shift our attention to the mathematical habit of mind (HoM) called Seeking and Using Structure [START_REF] Goldenberg | Developing the problem-posing abilities of prospective elementary and middle school teachers[END_REF] since the essence of the successful problem posing is the ability to recognize and use the structure of the given problem. Despite [START_REF] Silver | Problem-posing research in mathematics education: Looking back, looking around, and looking ahead[END_REF] acknowledgment that it is worth measuring the development of certain mathematical dispositions or habits of mind, these two areas of mathematics (e.g., problem posing and habits of mind) have not been connected yet. To meet this challenge, we attempt (as a part of a broader study) to develop an instrument to monitor the students' development of the habit of mind called seeking and using the structure through their effort to pose new problems. We aim to show its future implementability in the research, teachers' education, and classroom settings.

Literature review

The theoretical underpinning of the design of this instrument lies in the realms of both the notions of structure and mathematical habits of mind. Understanding the structure of mathematical problems is considered critical in problem solving and posing. According to [START_REF] Mamona-Downs | The identity of problem solving[END_REF] "structure can be thought of as a unity […] but it also offers access to its 'parts' […]. Hence, a structure has simultaneously a global aspect and an analytic one" (p. 390). [START_REF] Papadopoulos | Multiple approaches to problem posing: theoretical considerations regarding its definition, conceptualization, and implementation[END_REF] claim that problems can be perceived by the solvers on the basis of surface structure which refers to the items described in the problems themselves or of deep structure which refers to the mathematical principles necessary for a solution. A correct perception might lead to a straightforward solution whereas an incorrect one may send the solver on a "wild goose chase". Moreover, it is supposed that the solver does not have easy access to a procedure for solving the problem but does have an adequate background to make progress on it.

Problem posing activities are cognitively demanding tasks [START_REF] Cai | Generalized and generative thinking in US and Chinese students' mathematical problem solving and problem posing[END_REF] requiring students to think differently than in problem-solving to improve their understanding by reflecting on the deeper structure and goal of the task. In relation to the structure of the problem-posing situations, [START_REF] Stoyanova | A framework for research into students' problem posing[END_REF] describe three problem situations: free, semi-structured, and structured. Moreover, [START_REF] Ellerton | Engaging pre-service middle-school teacher-education students in mathematical problem posing: Development of an active learning framework[END_REF] in her Active Learning Framework (ALF) aiming to incorporate problem posing in primary school mathematics, claims that students are actively involved in posing problems with similar structure to given ones but in a different context. [START_REF] Kwek | Using problem posing as a formative assessment tool[END_REF] tried to identify patterns in students' mathematical learning and thinking during classroom-based problem-posing tasks. The findings gave evidence that the students' ability to identify the mathematical structure of the problem was a vital cognitive factor.

In our work, we define mathematical habits of mind as considering mathematical problems in very specific ways that look like the ways mathematicians use. It is about a way of thinking -almost a way of seeing a particular situation-that comes so readily to mind that one does not have to rummage in the mental toolbox to find it [START_REF] Goldenberg | Developing the problem-posing abilities of prospective elementary and middle school teachers[END_REF]. One habit particularly important for problem posing is the habit of seeking and using structure. In the context of solving and generating problems in early mathematics, the notion of mathematical structure concerns relationships between quantities, group properties of operations (e.g., associative and/or commutative operation), relationships between the operations (e.g., distributive property of one operation over another), relationships across the quantities (e.g., transitivity of equality) [START_REF] Warren | Young children's ability to use the balance strategy to solve for unknowns[END_REF]. Therefore, the development of the habit of seeking and using structure helps the students to see the logic and coherence in every new situation they encounter. Both, the identification of the information in a given problem that would be suitable to generate a new problem and posing questions that fit a particular situation are strong signs that students can see and use the problem's structure. The seeking and using structure habit has been recently investigated in other settings. [START_REF] Papadopoulos | Using mobile puzzles to exhibit certain algebraic habits of mind and demonstrate symbol-sense in primary school students[END_REF] examined the potential contribution of puzzle-like activities in exhibiting this habit in the context of early algebraic thinking in primary school students.

Given that this habit is considered vital for successful problem posing and is developed through an accumulated experience with problem-posing activities we attempted to develop an instrument that would capture the relevant students' ability.

An implementable research instrument

According to our knowledge, the only instrument related to habits of mind is the one developed by Matsuura and his colleagues (2011) to measure secondary teachers' mathematical habits of mind in problem solving. It contains items rooted in familiar secondary mathematics and is for use for research purposes only. Inspired by this tool, we tried to think and design an instrument related to problem posing that would be based on the different problem-posing strategies used by the students. The application of such strategies is considered an indication of seeking and using the structure of a given problem since problem-posing strategies are heavily based on the use of the structure of the given problem. The whole effort of designing this instrument followed a series of certain steps.

Step A -Collecting strategies from the existing literature The first step was to follow the literature to collect the suggested problem-posing strategies. This step resulted in the following collection:

Reversing known and unknown information: This strategy (also known as the 'symmetry' strategy) is one of the most common and frequently met strategies in mathematics textbooks. The answer to the original problem would now be part of the given data and some of the given information would be the unknown (Grundmeier, 2015).

Change the context: The structure of the original problem is kept but the original context is changed. [START_REF] Ellerton | Engaging pre-service middle-school teacher-education students in mathematical problem posing: Development of an active learning framework[END_REF] said that the process of designing a different context for a problem that has a similar structure to the given problem proved to be challenging for most students.

Change numbers: The students change the numerical data of the original problem to create a new one keeping the structure unaltered. Depending on the nature of the change, the new problem could be either similar or interestingly different from the original one.

Change the question: The data of the original problem remain the same, but the question is removed and replaced with a different question that could fit the given data (also known as the 'goal manipulation' strategy).

The answer is a method: The original question remains the same, but the numerical data are left off. The potential solvers will have to find how they'd solve the problem if the numbers were known, which means to find the method to solve the problem [START_REF] Goldenberg | Developing the problem-posing abilities of prospective elementary and middle school teachers[END_REF].

"Frontless" problems: Only the question is retained. In that way, these questions are in many senses as close to real-life as we can get. So, the question comes first, and then we have to figure out the information and the method we need [START_REF] Goldenberg | Developing the problem-posing abilities of prospective elementary and middle school teachers[END_REF].

Missing middle problems:

The original question is kept but some numbers are left off and the solvers are asked to find what additional information would be required to answer the question [START_REF] Goldenberg | Developing the problem-posing abilities of prospective elementary and middle school teachers[END_REF].

"Tailless" problems: In this case, the question at the tail end is omitted. The goal is for the students to derive what they can from the given information. It looks similar to the Change the question strategy. However, in the former, the question of the initial problem has already been substituted and the aim for the student is to solve the new problem. In the latter, the problem is left open and the aim for the solver is to think: what information is here and what can I do with it? [START_REF] Goldenberg | Developing the problem-posing abilities of prospective elementary and middle school teachers[END_REF].

What-if-not: This is the most known strategy in problem posing [START_REF] Brown | The art of problem posing[END_REF]. According to this, we form a list with all the problem's attributes and then we start negating each one of them using the what-if-not questions which means to ask what would happen if these attributes were different. Each negation results in a new problem. This strategy allows students to discuss a wide range of ideas and dive into the structure of the problem.

What-if-yes: A variation of the "What-if-not" strategy is put forward by [START_REF] Leikin | Teachers modify geometry problems: From proof to investigation[END_REF] and Grundmeier (2015) based on adding attributes and/or properties to the given problem instead of removing or negating them.

Step B -Forming the instrument

In the second step, we contacted experts in the area to evaluate these strategies in relation to how powerful from the mathematical point of view can be considered. There were three options for each strategy (A, B, and C, from the most powerful to the less one). Eight experts from the USA (2), Germany (2), Hungary (2), France (1), and Greece (1) participated, and their answers were combined to form the final categorization in Table 1. Each problem posed by students can now be labeled as A, B, and C according to the strategy used. In case no strategy evidence is present at the students' answer the proposed problems is labeled in category D.

Measuring the seeking and using structure HoM Category

The answer is a method The Change numbers strategy is included in two groups according to whether this change results in a similar problem or another open or more mathematically interesting problem.

A What-if-not What-if-

Step C -Instrument's exemplification

The third step of the process was to exemplify the instrument using a specific given problem. The following problem will be used to generate new problems using the above-mentioned strategies: Every day I save 50 c. to buy a book which costs 8.50 €. How many days would it take to save that amount of money?

Below we present how this problem could be reformulated or a new problem could be generated using the above-mentioned strategies.

Reversing known and unknown information:

The answer to the initial problem is 17 days (8.50 ÷ 0.5 = 17). This information will be part of the given data so that the given and the goal will be swapped. The new problem is: For the next 17 days I will save 50 c. per day to buy a book. How much does the book cost? (Type C).

Change numbers: Depending on the way this strategy is applied it might be possible to have different problems of different weight. The new problem could be a simple one, in which the student simply mimics the original one by changing numbers (example a). But there are cases (example b), in which the new problem still resembles the initial one, but the new numbers may lead to interesting situations.

a. Every day I save 20 c. to buy a book which costs 6.20€. How many days would it take to save that amount of money? (Type C) b. Every day I save 1€ to buy a book which costs 8.5€. How many days would it take to save that amount of money? (Type B)

This second example leads to an interesting situation. How long does it take me? 8.5 days? Or 9 days?

Change the question: The challenge here is to find another question that fits the already given data.

Example: Every day I save 50c. to buy a book that cost 8.5€. What is the smallest number of coins I need to buy the book? (Type B)

"Tailless" word problems: The question at the tail end is omitted and the problem is open for statements or questions. For example: Every day I save 50 c. to buy a book which costs 8.50€. What can you figure out from this information? The absence of the question also helps kids notice that more than one sensible question could be asked. For example: "Will I have enough money in two weeks?" (Type B)

Missing middle problems: The original question will be the same, but some numbers will be left off. The missing number is part of the required information that is not given. This number is not the answer to the question the problem poses but it is necessary to solve the problem. Example: Every day I save some money to buy a book which costs 8.50€. How many days would it take to save the amount of money I need? (Type B)

"Frontless" problems: Only the question is retained. Clearly, the question can't be answered without information, and we must then figure out what information we need and what method we must use to answer. An example: There's a book I want to buy. How many days will it take me to save up the money I need? What information do I need to know in order to figure this out? (Type B)

Change the context: This strategy is indicative of a deep understanding of the problem's structure. The core idea remains the same, but it is transferred in another setting (e.g., from coins and their relations to numbers and halves): How many halves do I need to get 8.5? (Type A)

The answer is a method: The required answer is a description of how the problem would be solved if there weren't numbers. Example: Every day I save the same amount of money to buy a book. How can I figure out how many days it will take me to get the amount of money I need? (Type)

What-if-not: One attribute of the given problem is that a certain amount of money per day is saved.

So, what if that amount was not saved per day but, for example, every three days? The new problem becomes: Every three days I save 50 c. to buy a book which costs 8.50€. How many days would it take to save that amount of money? (Type A)

What-if-yes: An additional information is added which has an impact on the solution process. For example: Every day I save 50c and I share this amount fairly with my brother. How many days would it take me to buy a book which costs 8.50€? (Type A)

Step D -Use in a real case study

The final step for the instrument is to use it in a real case study. There is a pilot study running this year. The aim is to gradually familiarize the students with this range of strategies in problem posing to see later whether they can use some or all of them in different problem-posing situations. The sessions start with problem-solving activities and then the students are asked to generate new ones inspired by the solved problem. To be successful they need to see the structure of the problem and apply those of the problem-posing strategies that fit the given data. Their problems will be collected and categorized according to the strategy they used. A score will be assigned to each student according to the produced problems and the type of strategies used. This score assigned does not determine the extent to which the habit of seeking and using structure has been developed by the specific student. It rather serves as a way to monitor the efforts done by the student to notice whether advanced problem-posing strategies are used over time.

Concluding remarks

This paper aimed to present an instrument we developed to record and examine whether students develop over time and through an accumulated experience on problem posing the habit of mind named seeking and using structure. The instrument works on the basis of the problem-posing strategies the students use. The more they use advanced problem-posing strategies (e.g., types A and B), the more they seem to have developed the seeking and using structure HoM. We see the potential implementation of this instrument in the sense of 'if and how the innovation achieves desired outcomes for the target population' (Koichu et al., 2021, p. 978). This problem-posing intervention is the innovation that constitutes the object of implementation [START_REF] Century | Implementation research: Finding common ground on what, how, why, where, and who[END_REF] aiming to develop structure-sense to students. The instrument will help to determine whether the expected results are produced in the target population. So, from this point of view, researchers' understanding of the issue of problem-posing strategies that effectively promote students' structure-sense which finally result in productive problem posing [START_REF] Cai | Problem-posing research in mathematics education: Some answered and unanswered questions[END_REF] will be deepened. Further insights into the relationship between problem posing and the habit of seeking and using the structure of the given problems will be gained. The instrument can also be useful in the context of educating future mathematics teachers. They need to be familiar with problem-posing strategies, recognize the structure of a problem, and use it to formulate new problems. This starts from the fact that future mathematics teachers very often-and in relation to problem posing-emphasize the result instead of the process [START_REF] Klinshtern | What do high school teachers mean by saying "I pose my own problems[END_REF]. However, it is the latter that is closely related to the notion of structure. So, it is important to shift their attention from the result to the process. The instrument will be useful to monitor the potential development of the seeking and using the structure HoM. Finally, the instrument might also be useful for in-service teachers. Following the whole classroom or each one of their students across the school year using this instrument, they will have the chance to identify any progress in the development of the habit of seeking and using structure. The variation in scores over time will facilitate the understanding of the students' crucial ability to see and use the structure of a given problem situation.

What is the most important however is that this instrument is bridging two areas, problem posing and mathematical habits of mind, that are still unconnected. Our long-term aim is to use this instrument to follow a primary school classroom in a year-long intervention in the context of a problem-posing intervention.

Table 1 : Problem posing strategies

 1 yes

	Change the context	
	"Frontless" problems	
	Missing middle problems	
	"Tailless" word problems	B
	Change the question	
	Change numbers	
	Reversing known and unknown information Change numbers	C
	No evidence	D