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This descriptive case study aimed to determine pre-service mathematics teachers' perceptions of nonroutine problems through non-routine problem posing. Sixty-four pre-service mathematics teachers who took the elective "Problem Solving Strategies" course participated in the study. The participants were asked to pose as many non-routine problems as possible and explain why they thought the problems they posed were non-routine. Participants' statements were subjected to content analysis and grouped into three themes: i) "non-routine problems are not limited to implementing the four operations," ii) "experiences of non-routine problem solvers," iii) "the structural features of nonroutine problems." According to the results, pre-service mathematics teachers especially emphasized cognitive processes experienced by the problem solver while solving non-routine problems. Besides, they better understood non-routine problems through non-routine problem posing.

Introduction

The importance of non-routine problems, which [START_REF] Polya | How to solve it?[END_REF] stated it is inexcusable not to make the students improve problem solving skills, has also been noted by many other sources later (e.g., [START_REF] Schoenfeld | Mathematical problem-solving[END_REF]. Because non-routine problems are problems people cannot solve with algorithms or rules they already know, they often require changing their perspective [START_REF] Posamentier | Problem-solving strategies for efficient and elegant solutions, grades 6-12: A resource for the mathematics teacher[END_REF]. However, studies show that both students and in-and pre-service teachers have very little knowledge and solving skills about non-routine problems since little space is given to non-routine problems in curricula and textbooks [START_REF] Kolovou | Non-routine problem solving tasks in primary school mathematics textbooks -A needle in a haystack[END_REF].

Mathematics educators and researchers appreciate the role of problem posing as a critical component of learning and the educational implications of integrating problem posing into different levels of formal education [START_REF] Singer | Problem-posing research in mathematics education: New questions and directions[END_REF]. However, another area that both in and pre-service teachers have difficulties with and are not familiar with is problem posing. Problems generated by teachersand their students-are mostly textbook-like, not cognitively or structurally complex [START_REF] Lavy | Problem posing as a means for developing mathematical knowledge of prospective teachers[END_REF]. In this context, pre-service teachers should deal with quality problem posing activities; nonroutine problem posing may have good potential in this respect.

Combining the concept of non-routine problem with problem posing, this study aims to determine pre-service mathematics teachers' (PMTs') perceptions of the non-routine problem, specifically through non-routine problem posing. In this context, the research question was selected as "What are the non-routine problem perceptions that pre-service mathematics teachers possess through nonroutine problem posing?" However, since the literature on non-routine problems and problem posing is very large, the next two paragraphs will only include some studies examining PMTs' problem perceptions and non-routine problem posing.

Studies by [START_REF] Lee | Elementary school teacher candidates' perceptions of good problems[END_REF] and [START_REF] Fadlelmula | Pre-service mathematics teachers' perceptions about mathematics problems and the nature of problem solving[END_REF] examined pre-service primary teachers' (PPTs') and PMTs' perceptions of routine and non-routine problems together. Asman and Markowitz (2009) and [START_REF] Kurniati | The truth-seeking and open-mindedness of pre-service mathematics teachers in the solution of non-routine problems[END_REF] focused on the PPTs' and PMTs' perceptions of nonroutine problems. In the studies by [START_REF] Crespo | What makes a problem mathematically interesting? Inviting prospective teachers to pose better problems[END_REF] and [START_REF] Leavy | Posing mathematically worthwhile problems: Developing the problem-posing skills of prospective teachers[END_REF], the perceptions of PPTs about "good" or "worthwhile" problems or how these perceptions can be improved were examined through problem posing. The findings of these studies have revealed that PPTs' and PMTs' tendencies are generally in favor of routine problems, they are weak in non-routine problem solving, and therefore they show resistance to such problems. However, it is among the findings of these studies that pre-service teachers are aware of the importance of non-routine problems, and that their perceptions about the problem change at the end of the interventions involving problem solving and posing.

Another important component of the present study is "non-routine problem posing." Baumanns andRott (2019, 2021) discussed this term in their papers and proposed a terminological distinction between "routine task posing" and "non-routine problem posing." According to this distinction, "the former refers to the process of posing routine tasks, and the latter refers to the process of posing nonroutine problems" (Baumanns & Rott, 2019, p.26). However, the authors also stated that these problem posing processes may not be sharply separated from each other and may exhibit a continuity. For example, an initial situation that appears routine may lead one to pose a mathematically rich nonroutine problem. Therefore, the authors cautioned that the resulting problem should be specifically evaluated. Except from the studies by Baumans andRott (2019, 2021), a few studies dealt with nonroutine problem posing directly. In one of these by [START_REF] Kılıç | A new problem-posing approach based on problem-solving strategy: Analyzing preservice primary school teachers' performance[END_REF], PPTs were expected to pose a problem that could be solved by finding a pattern. According to the results, 55% of the posed problems complied with the desired strategy. The other participants either constructed problems that required irrelevant strategy, or were unable to offer any answer, or else suggested problems that involved simply finding a general rule of a pattern. In another study by Ünlü (2017), PMTs' knowledge about problem solving strategies was determined through problem posing. The participants were asked to pose five problems that called for the use of working backward, finding a pattern, guessing and checking, making a systematic list, and drawing a diagram strategies. The problems posed by the participants were mostly in line with the strategy, connected with daily life, and were solvable. However, some participants could not pose a problem with a strategy or had difficulties in solving the problems they posed in some cases. Additionally, many participants confessed that they posed problems like those in textbooks rather than acting creatively. [START_REF] Kool | Designing non-routine mathematical problems as a challenge for high performing prospective teachers[END_REF] challenged high-performing PPTs to design non-routine problems. Participants stated that interaction with peers, expert feedback, analyzing extant problems to find criteria, building a repertoire of prototypes, a cyclic design process, and experts struggling in designing problems were stimulating and supportive for producing non-routine problems. Lastly, Kozaklı-Ülger and Yazgan (2021) aimed to determine the characteristics of the non-routine problems posed by PMTs based on five criteria: problem type, contextuality, originality, complexity, and strategy. The authors observed that most of the problems posed had only one answer, contained a context, were of low or medium difficulty, and were aimed at different problem-solving strategies. They also noted that almost half of the problems posed were either traditional or like non-routine problems that had been previously solved.

In the current study, as in some studies mentioned above, PMTs were not asked to solve or grade non-routine problems directly presented to them. Instead, they were asked to pose non-routine problems and argue why their problems were not routine. In this context, we used "problem posing as a research tool" [START_REF] Cai | Affect in mathematical problem posing: Conceptualization, advances, and future directions for research[END_REF]. Specifically, we employed non-routine problem posing to identify PMTs' perceptions of such problems.

Method

Sixty-four PMTs who attended the Department of Mathematics Teaching at a university in Bursa/Turkey and took the elective "Problem Solving Strategies" course given by the first researcher in the fall semester participated in the study. Thirty-one participants were juniors, and the others were sophomores and had not taken any specific problem-solving classes before.

Convenience sampling was used in the study since the nearest individuals who were available at the time of the study were chosen as participants [START_REF] Cohen | Research methods in education[END_REF]. Besides, we determined our research design as a descriptive case study since we tried to gain a more in-depth insight into a phenomenon (non-routine problem) in a particular context and a bounded system [START_REF] Yin | Applications of case study research[END_REF] The first four weeks of the "Problem Solving Strategies" course were devoted to problem and problem solving concepts, classifications of problem types (routine-non-routine, story-real, etc.), purpose and importance of problem solving and Polya's problem solving stages. Routine problem solving was dealt with at weeks five, six, and seven. In the weeks eighth to twelfth, non-routine problem-solving strategies (making a systematic list etc.) were introduced. Besides, the 13th week of the course was allocated directly to non-routine problem posing. In this lesson, all participants were first asked to pose problems that could be solved with the working backward strategy. After enough time, two of the problems posed by participants were selected, and a whole-class discussion was initiated about the qualities of these problems, as [START_REF] Crespo | What makes a problem mathematically interesting? Inviting prospective teachers to pose better problems[END_REF] did in their study: "Are they original?", "Do their structures allow for more advanced mathematical explorations?" etc. The same procedure was repeated for simplifying the problem strategy as well. At the end of the lesson, the students were asked to pose as many non-routine problems as they could until the next lesson. In addition, in connection with this assignment, students were also asked to respond to six open-ended questions. In the fourteenth week, participants handed their created problems and answers to the questions in writing. In the current study, answers to only one of these questions were analyzed: Why do you think the problems you pose are non-routine problems?

The data obtained from the open-ended question were subjected to a content analysis which "takes texts and analyses, reduces and interrogates them into summary form through the use of both preexisting categories and emergent themes" (Cohen et al., 2007, p. 476). During this process, the second author made a 'first tour' of the data to code responses into meaningful unit words, phrases, sentences, or paragraphs and to group these codes into similar emergent themes [START_REF] Rosli | Middle grade pre-service teachers' mathematical problem solving and problem posing[END_REF]. Then, the first author completed a 'second tour' and examined the codes and themes established by the second author. Both authors discussed these codes and themes. In the end, the themes were decided upon by common consent. Lastly, mind maps were created for each theme through GitMind software. Since the current study is a case study, it was deemed sufficient to calculate the total frequencies at the theme, category, and subcategory levels.

Findings

As stated earlier, we asked the PMTs, "Why do you think the problems you pose are non-routine problems?" Thus, we tried to reveal what PMTs pay attention to when posing non-routine problems and their non-routine problem definitions and perceptions. 57 of 64 PMTs answered the question. However, the total number of frequencies (132) exceeded the responses obtained, as some participants used statements related to more than one category.

The answers given to the question were grouped under three themes. The first theme included the responses stating that non-routine problems are not limited to implementing the four operations. This theme consisted of two categories: i) thinking processes and ii) problem content (Figure 1 1 ). In the category of "thinking processes," PMTs were thought to implicitly answer the question of "What should I do to solve the problem?" PMTs especially stated that non-routine problems require "reasoning" (n=6) and "being in one's right mind" (n=6) by going beyond four operations. As a good indicator of this category, PMT1 gave the following answer: "Non-routine problems involve thinking, reasoning, and finding relationships and patterns." In the category of "problem content," PMTs were thought to implicitly answer the question of "How should I organize the problem?" From this perspective, it was observed that PMTs especially focused on finding patterns in the data of the problem (n=11). According to PMT32, "non-routine problems require finding relationships, correlations, and ordering between data."

Second theme obtained from PMTs' answers concerned the experiences of non-routine problem solvers, which were divided into two categories: i) affective experiences and ii) cognitive experiences (Figure 2). In the "affective experiences" category, PMTs used expressions that underlined the affective experiences triggered by non-routine problems in the problem solver. The most frequently used one was interesting/intriguing (n=7). PMT40's answer is a good example of this category: "It is a nonroutine problem because it will be found interesting in terms of the context of the problem." As for the "cognitive experiences" category, the statements used were related to the cognitive processes experienced by the problem solver while solving non-routine problems. In this context, most PMTs stated that non-routine problems "require cognitive thinking" (n=18). According to PMT51, "students try to solve (non-routine problems) by working their minds and guessing without focusing on a formula."

The last theme was about the structural features of non-routine problems. Under this theme, there were four categories: i) problem solving processes, ii) problem outcome, iii) problem context and iv) connection with daily life (Figure 3). Most of the statements in the problem-solving process category show that, according to PMTs, non-routine problems are problems that allow the use of different strategies (n=10) and cannot be solved immediately (n=7) by using a special formula or method (n=9). Another category that draws attention in terms of frequency in this theme is the category of "relationship with daily life," where most of the statements point out that PMTs think that non-routine problems are common in daily life. PMT47's response pointed to both the "problem solving process" and "relationship with daily life" categories: "It is a question from daily life, and there is no memorized method in the solution phase". PMT26 and PMT56 used the following expressions for the "result of the problem" and "problem context" categories, respectively: "I think it's a non-routine problem because the problem I've written contains certain open questions." and "Unlike the usual problems, they have a story."

In general terms, the total frequencies of each theme are 38, 45, and 49, respectively. The category with the highest frequency was the "cognitive experiences" category of the "experiences of nonroutine problem solvers" theme (n = 35). The category with the lowest frequency was the "result of the problem" category of the "structural features of non-routine problems" theme (n = 4).

Discussion and conclusions

In this study, we tried to indirectly determine how the PMTs perceived non-routine problems and what they called non-routine problems. The results revealed that 49 of 57 PMTs (approximately 86%) were aware of and focused on the structural features of non-routine problems. This was followed by themes related to the cognitive and affective processes experienced by non-routine problem solvers and the skills required by non-routine problems beyond the four operations. The total frequencies of the themes were close to each other, but there were differences concerning categories. While more than half of the participants (35 out of 57) made statements about the "cognitive experiences" category, only four participants did this for the "result of the problem" category. This difference is favorable because participants knew the need to focus on the process, not the outcome when solving non-routine problems.

As mentioned earlier in the method section, a part of the course given to the participants was devoted to non-routine problems and strategies to solve such problems. One might argue that the results reflect the knowledge and skills the participants have acquired in the course. The impact of the course is undeniable; first, since non-routine problems are not included as subjects or objectives in mathematics curricula, textbooks, and learning environments in Turkey, the participants had little or no experience with such problems before the course. Therefore, it wouldn't make sense for us to determine their perception of something they've hardly ever encountered. This study differentiates from the studies by [START_REF] Lee | Elementary school teacher candidates' perceptions of good problems[END_REF], [START_REF] Fadlelmula | Pre-service mathematics teachers' perceptions about mathematics problems and the nature of problem solving[END_REF], Asman and Markowitz (2009) and [START_REF] Kurniati | The truth-seeking and open-mindedness of pre-service mathematics teachers in the solution of non-routine problems[END_REF] in this sense. [START_REF] Crespo | What makes a problem mathematically interesting? Inviting prospective teachers to pose better problems[END_REF] and [START_REF] Leavy | Posing mathematically worthwhile problems: Developing the problem-posing skills of prospective teachers[END_REF] conducted similar studies but did not directly build their studies on non-routine problem posing. Despite these differences, some of the results of the studies mentioned above align with those of this study. For example, as in Asman and Markowitz (2009)'s study, our participants also highlighted that the type of problem that mainly develops mathematical thinking is non-routine problems.

This study had other striking findings that differed from other studies. Some participants' answers to our question signified that they better understood the structure of non-routine problems while posing such problems. One of the statements of these participants (PMT15) were as follows: "As I started posing non-routine problems, I realized I did not know these types of problems very well." Although we did not specifically ask for it in the question, these statements were illuminating to see how problem posing made them question their knowledge. Besides, we reached some remarkable categories, such as "relationship with real life" from the participants' answers. Although we did not dwell on this point during the course, it was inspiring that the participants tried to connect non-routine problems with daily life. Despite all these promising results, our study also has some limitations calling for future research. [START_REF] Baumanns | Rethinking problem-posing situations: A review[END_REF] state that whether a problem is routine or non-routine may vary from person to person. In this study, we had to rely on the participants' reports. In further studies, the problems created by pre-service teachers can be evaluated in terms of whether they are non-routine or not. Then it can be determined how compatible their non-routine problem perceptions are with the problems they have posed. Data triangulation with other sources, such as interviews, will allow for a deeper analysis of PMTs' non-routine problem perceptions. Lastly, our sample was limited to PMTs. Therefore, more robust, and valid results can be obtained by replicating this study with pre-service teachers attending a different program and students from different grade levels.
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 1 Figure 1: "Non-routine problems are not limited to the four operations" theme
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 2 Figure 2: "The affective and cognitive experiences of non-routine problem solvers" theme
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In figures, themes are in italics and in the middle, categories in larger font, and subcategories in smaller font. Some subcategories have lower-level categories, the fonts of which are the same as the subcategories. For example, in Figure1, one category of the "non-routine problems are not limited to the four operations" theme is "problem content". This category has only one subcategory: "Review data". Under this sub-category, there are three lower-level categories: "findings patterns in data", "organizing data", and "classifying data".