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The role of creativity in mathematical competence and problem-solving

Among the fundamentals of mathematical competence is problem-solving abilities, which in the context of school mathematics often is related to mathematical creativity. [START_REF] Sriraman | Are mathematical giftedness and mathematical creativity synonyms? A theoretical analysis of constructs[END_REF] defines mathematical creativity as novel or insightful solutions to a problem, as well as the formulation of new questions which allows "old" problems being viewed differently, where the use of imagination is a key element. A certain level of mathematical ability is necessary for creative mathematical thinking to manifest, but mathematical ability can also lead to fixations and hinder creativity [START_REF] Sriraman | Creativity and Giftedness in Mathematics Education: A Pragmatic View[END_REF]. Contrasting fixations, cognitive flexibility is often viewed as essential for gaining creative insight [START_REF] Haavold | Creativity in problem solving: integrating two different ways of insight[END_REF]. Thus, creativity seems to play an essential role in mathematical competence and problem-solving, and therefore an important question to be answered is how creativity can be catalysed in mathematics education. The focus of this research proposal is to give an outline to an investigation of whether and how uncertainty can catalyse creativity in mathematics students' problem-solving process. [START_REF] Sriraman | Uncertainty as a catalyst and condition for creativity: the case of mathematics[END_REF] defines uncertainty as a state of ambiguity and curiosity, as well as the sense of being in doubt, also labeled "creative doubt". [START_REF] Sriraman | Are mathematical giftedness and mathematical creativity synonyms? A theoretical analysis of constructs[END_REF] argues that creativity requires exposure to uncertainty and experience with the struggle of creating mathematics and solving problems. Creative problem-solving is further associated with cognitive flexibility, which involves the ability to switch between mental sets and strategies when dealing with uncertainty [START_REF] Haavold | Creativity in problem solving: integrating two different ways of insight[END_REF]. [START_REF] Sriraman | Uncertainty as a catalyst and condition for creativity: the case of mathematics[END_REF] found that uncertainty plays an important role as a catalyst for mathematical creativity in the work of professional mathematicians, but uncertainty is otherwise a little researched concept in the field of mathematics. Therefore, an interesting perspective would be to investigate whether the relation between uncertainty and creativity which [START_REF] Sriraman | Uncertainty as a catalyst and condition for creativity: the case of mathematics[END_REF] suggests, also exists in the work of students of mathematics. In the following paragraphs, pathologies as a potential task design for the purpose of catalysation is explained. [START_REF] Sriraman | Mathematical pathologies as pathways into creativity[END_REF] argues that mathematical pathologies can foster creativity through addressing misconceptions and false beliefs. The authors define pathologies as " […] examples that are specifically designed to violate properties that are perceived as valid. The term 'pathological' is also specifically used in mathematics to refer to objects "cooked up" to provide interesting examples of counterintuitive behavior" (Sriraman & Dickman, 2017, p. 137). Examples that are directed at violating valid properties create a space where domain limiting barriers must be overcome and this is where creativity plays an important role. A pathology can take form as a counterexample, but it's not a necessity. Further, a pathology is not the same as a misconception because the intention of pathologies is not to point out the wrong-or rightness of a mathematical concept. The intention is to foster creativity in the face of uncertainty. Lastly, a pathology is a task-design, while a misconception is something within the mind of a student [START_REF] Sriraman | Mathematical pathologies as pathways into creativity[END_REF]. In the following methodology of the research proposal, pathologies are proposed as generators of uncertainty in the process of catalysing creativity in students' mathematical problem-solving.

Uncertainty and its relation to creativity in mathematical problem-solving

Mathematical pathologies as a facilitator of uncertainty and creativity

Methodology

To investigate whether and how uncertainty can catalyse creativity for mathematics students, we tend to employ pathologies in task-based interviews with students. An example of a task that can be given is presented in Figure 1. This task addresses incorrect fraction cancelation which by chance still leads to the correct answer. Students can be asked to investigate if there exist other fractions with this property. While solving the tasks, the students should think aloud so that insight to their problemsolving process can be accessed and analyzed. The focus of the analyzes will be mapping of how fixations occur and what leads to creative, flexible ways of viewing the problem when dealing with uncertainty generated by pathologies. Both video and sound, in addition to collecting their written answers, are useful data collection tools. The results can indicate whether and how uncertainty provided by mathematical pathologies can catalyse creative solutions to a problem in the work of mathematics students. The hypothesis is that pathologies as task design can catalyse creativity by generating uncertainty, also for students of mathematics. 

Figure 1 :

 1 Figure 1: Two-digit anomalous fractions (Sriraman & Dickman, 2017, p. 140)