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A lot of mathematical tasks challenge primary school children to be mathematically creative. But how exactly is mathematical creativity embeded in primary school education? And: How are the mathematical creative processes of one first grader working on an open-ended task displayed? Therefore, two creativity patterns are analyzed. The first illustrates the flexibility within the free working process. The second depicts the child's ability to structure and describe her solutions during the elaboration process. Purposeful and adaptive prompts support the child in both creative processes. The results of this pilot study show, that the child develops a qualitative new structure of her solutions and, therefore, is able to expand her solution space.

Introduction

In most standards for mathematics education (e.g. [START_REF] Msb | Richtlinien und Lehrpläne für die Grundschule in Nordrhein-Westfalen: Mathematik[END_REF]NCTM 2003) creativity is part of the competences children from the early years onwards have to exercise and develop in their mathematical education. However, the construct of creativity is often sparsely characterized but rather all process-oriented abilities in mathematics implicate creative behavior as a fundamental competence. Already [START_REF] Vygotsky | Imagination and creativity in adolescent[END_REF][START_REF] Vygotsky | Imagination and creativity in adolescent[END_REF] described creativity as "one of the basic mechanisms that facilitate development of new knowledge" (Leikin & Pitta-Pantanzi, 2013, p. 162) Therefore, it is necessary to define creativity more precisely in a content-specific way to make this term more adaptable for mathematics instruction.

In this paper, I present my research project on the creative processes of primary school children in Germany. I illustrate my working definition of mathematical creativity at school based on various studies within the psychological and mathematical research sphere. Additionally, a case study of one child at the end of the first grade from the pilot study I have realized so far is presented. Therefore, my greater research question is: How are creative processes of a primary school child displayed?

Theoretical Background

Mathematical creativity

Creativity is nothing mystical [START_REF] Sternberg | The concept of creativity: Prospects and Paradigms[END_REF] but rather a construct that is being researched not only in psychology but also in various other disciplines like e.g. arts, language, mathematics, and pedagogy [START_REF] Torrance | Torrance tests of creative thinking: Norm-technical Manual[END_REF]. Logically, there is no coherent definition of creativity in general. Also in the particular field of mathematics education "the word creativity is 'fuzzy' and lends itself to a variety of interpretations" (Sriraman, 2005, p. 20). Thus, there is a large body of research discussing the different approaches on defining mathematical creativity (e.g. [START_REF] Leikin | Creativity and mathematics education: the state of the art[END_REF]. [START_REF] Kwon | Cultivating divergent thinking in mathematics through an open-ended approach[END_REF] state that, when analyzing all different approaches, there are overall only two main positions: The first one is the definition of mathematical creativity as "the creation of new knowledge" (Kwon et al., 2006, p. 52). The moment, a student finds a new, adequate, andmore importantinsight-based and therefore mathematically adaptive solution to a mathematical problem, the person acts creatively [START_REF] Liljedahl | Musing in mathematical creativity[END_REF][START_REF] Silver | Fostering creativity through instruction rich in mathematical problem solving and problem posing[END_REF]. In contrast, the second position focuses on the "flexible problem-solving abilities" (Kwon et al., 2006, p. 52) that every child is supposed to develop at school (NCTM, 2003). Children show flexible competences by finding not only one but various differing solutions to a task (also called divergent thinking [START_REF] Guilford | The nature of human intelligence[END_REF]). In doing so the children act creatively. Therefore, the definitions of mathematical creativity referring to the first position mainly focus on the creative product, while the ones referring to the second position analyze the individual creative processes that students show. I locate my research at the second one because my motivation is to observe, illustrate, and appreciate the creative process of primary school children in detail.

Creative person, product, process, and press

When talking about creativity there are four creative domains which constitute the specific mathematical creativity: person, product, process, and press [START_REF] Leikin | Creativity and mathematics education: the state of the art[END_REF]. Every domain has an overlap to the other three so that complex connections within these aspects occur. [START_REF] Haylock | A Framework for Assessing Mathematical Creativity in Schoolchildren[END_REF] postulates that in many research studies product and process are focused and connected. This connection results from reconstructing the creative process by analyzing the child's creative product as well as the child's procedure in finding the solutions. I follow Haylock's assumption in this pilot study and focus on the creative process, while analyzing the creative product.

To think of the other two domains, the situation in which the child solves the task marks the creative press. However, I do not concentrate on details of the creative environment or person itself. In contrast to many definitions that link mathematical creativity to giftedness (e.g. [START_REF] Sriraman | Are Giftedness and Creativity Synonyms in Mathematics[END_REF] or advanced mathematical thinking (e.g. [START_REF] Ervynck | Mathematical creativity[END_REF], I assume that every primary school child has the ability to be a creative person. It has to be considered, though, that "creativity in school mathematics differs from that of professional mathematicians" (Leikin, 2009, p. 131). Referring to Vygotsky's "division into subjective and objective imagination" [START_REF] Vygotsky | Imagination and creativity in adolescent[END_REF](Vygotsky, /1998, p. 164), p. 164), the term of relative creativity in contrast to absolute creativity in the work with children is suggested. Relativistic creativity means that the creativity level is not compared to the ability of a professional mathematician. Instead, a person's creativity is compared within a specific peer group. That is why every student can be creative and thus shows a creative process [START_REF] Liljedahl | Musing in mathematical creativity[END_REF].

Characteristics of the mathematical creative process

There are as many different approaches to characterizing the creative process as well as definitions of mathematic creativity itself. Due to the assignment of this study to the second definition position presented before, the characterization of the creative process is based on the student's ability to think divergent. Following [START_REF] Guilford | The nature of human intelligence[END_REF], [START_REF] Torrance | Torrance tests of creative thinking: Norm-technical Manual[END_REF] defines for his psychological test four categories of creativity: fluency, flexibility, originality, and elaboration. These "characterize students' creative process" (Leikin & Pitta-Pantanzi, 2013, p. 163). Many recent studies on mathematical creativity use these characteristics for their research, whereas the most of them only use the first three concepts, excluding elaboration, and investigating on students grade 6 and higher (e.g. [START_REF] Leikin | Exploring mathematical creativity using multiple solution tasks[END_REF]). [START_REF] Leikin | Exploring mathematical creativity using multiple solution tasks[END_REF][START_REF] Silver | Fostering creativity through instruction rich in mathematical problem solving and problem posing[END_REF] concept on creativity are based on Torrance's categories but fit to mathematical tasks: Fluency means the total number of solutions and thus, focus on the quantity. In contrast, to depict the quality of a creative process, flexibility measures the number of solution strategies which are "based on different representations, properties (theorems, definitions, or auxiliary constructions), or branches of mathematics" (Leikin, 2009, p. 137). Hence, if the child finds a vast number of solution this does not automatically mean that he/she shows a high flexibility score. Originality in Leikin's understanding evaluates the relativistic singularity and novelty of an idea. Leikin showed in her study on mathematical creativity that only a few children had higher originality scores. Based on her results, she attributes originality to gifted students [START_REF] Leikin | Exploring mathematical creativity using multiple solution tasks[END_REF]. In contrast, [START_REF] Silver | Fostering creativity through instruction rich in mathematical problem solving and problem posing[END_REF] defines originality (or novelty) as the ability to explore many given solutions to a mathematical task and then generating a new, different one. The production of a novel solution refers to Leikin's concept of original ideas, because the child has to find a solution, which was not stated in the solution space before. While exploring the given solutions the child has to describe, illuminate, and generalize the solution strategies, which relates to [START_REF] Torrance | Torrance tests of creative thinking: Norm-technical Manual[END_REF] characterization of the category elaboration: The elaboration displays the amount of detail in the responses and shows the ability to describe, illuminate, and generalize the responses. I aspire to illustrate the quality of the creative process of primary school children in a neutral, not judging way. In contrast, many studies aim to evaluate the mathematical creativity of children or adults (e.g. [START_REF] Leikin | Exploring mathematical creativity using multiple solution tasks[END_REF]. This is why I mainly and directly focus on the aspects of flexibility and elaboration, and only indirectly on fluency and originality:

Flexibility, in my research, means that children find solutions by different changes of ideas. An idea either can be structurally inferred from the idea before or is newly generated. The concept of fluency is considered by the total number of the solutions.

Elaboration means the children's ability to describe and structure their own solutions to find additional solutions, and thus to expand their solution space. The new found solutions could be considered as original following Silver's definition, and therefore the concept of originality is implicitly included.

Open-ended tasks [START_REF] Hashimoto | The methods of fostering creativity through mathematical problem solving[END_REF] outlines that at today's schools children do not have to be creative, because most tasks prompt the students to find only one correct solution. He states that a good mathematical education needs appropriate tasks to allow children to explore and develop their creativity. There are many notations in the international references, which describe these tasks: e.g. multiple solution tasks [START_REF] Leikin | Exploring mathematical creativity using multiple solution tasks[END_REF] or open-ended problems [START_REF] Silver | Fostering creativity through instruction rich in mathematical problem solving and problem posing[END_REF]. It is essential that in my study the creativity fostering tasks have to allow the students to demonstrate their fluency, flexibility, originality, and elaboration abilities. Therefore, I characterize an open-ended task as a task that invites the children to find various solutions and has no verbalizations like "Find all solutions…".

In addition, the task has no limited number of solutions and challenges every student. Most important, the tasks entail quantitative and especially qualitative differences of the solution spaces.

Prompts

Fostering children's ability to show creative processes working on open-ended tasks, the children can be supported by instructional prompts. Prompts are "recall and/or performance aids, which vary from general questions to explicit executions instructions" (Bannert, 2009, p. 139). Based on the research results on instructional prompts, the combination of cognitive prompts (explanation) and metacognitive prompts (regulation) has a high effectiveness on supporting children's self-regulated learning [START_REF] Wichmann | Inquiry learning: Multi-level support with respect to inquiry, explanations and regulation during an inquiry cycle[END_REF]. Cognitive prompts "directly support a student's processing of information for example by stimulating memorizing/rehearsal, [or] elaboration" (Bannert, 2009, p. 140). This relates to the two in this study primarily focused characteristics of creativity: flexibility and elaboration. Metacognitive prompts in general tend to support children's monitoring and controlling when working on specific tasks like mathematical open-ended tasks [START_REF] Bannert | Promoting Self-Regulated Learning Through Prompts[END_REF].

Research questions

My research aim is to illustrate the individual creative processes of a primary school child working on open-ended tasks. Considering the theoretical background, I attempt to answer the following detailed questions in the case study:

1. How is the child's individual flexibility displayed in her solutions? 2. How does the elaboration and the prompts support the child to find additional solutions?

Method

The intention of my first pilot study was to try out various ideas concerning the tasks, interview design, procedure and material, the interview guideline, and the instructional prompts. Below these decisions are illustrated and the results of the presented case study are discussed.

Participants

In July 2018, I realized a first pilot study with three children at the end of first grade (age: 6;11, 7;0, and 7;9). They are primary school children of a municipal primary school in a large German town. The children were chosen because I expect first graders to be more open-minded and less affected from in school thought mathematical structures and strategies than older school children. Thereby, it is more likely to accurately reconstruct the creative processes of these children. The primary school teacher selected these three children due to their current mathematical development. In this paper, I present as a case study the creative processes of Maria (7;9 years), who shows an age-based mathematical development.

Design, materials, and procedure

During an individual interview, the first grader worked on the following arithmetical open-ended task, because arithmetical ideas can explicit be categorized and thus, flexibility can be analyzed:

Find different tasks with the number 4. [Finde verschiedene Aufgaben mit der Rechenzahl 4.]

The interview was divided into two creative working phases that built on each other and used different sort of materials:

1. Free working process: The child found as many different solutions as he/she could and, at the same time, produced his/her own documentation of the solutions. I offered the first graders blank filling cards to write down each solution and arrange them on the table. 2. Elaboration working process: Afterwards I asked the children to explain their solutions and the process of generating them. Then I invited them to restructure their solutions and explain this arrangement of the written cards for me. This procedure was supposed to help the children in finding additional solutions and adding them to the arrangement.

Furthermore, I gave adaptively cognitive and metacognitive "just-in-time-prompts" (Bannert, 2009, p. 142) during the elaboration working process to support the child in his/her creative processes.

The used metacognitive prompts tended the first grader to follow the open-ended task in the working processes. The explicit questions was e.g. "Can you find further solutions?". For cognitive prompts, I used to write a new solution on a card and asked the child to explain, whether this solution match to his/her solutions, and if so, if he/she can find further solutions. Thus, children with a very systematic approach might be encouraged to admit new ideas and conversely, children who found many new ideas might be motivated through a prompt to structure their solutions in a systematic way.

Analytical tool

To illustrate the flexibility and elaboration in the two working processes I conducted a categorylead analysis for each child. I deductively constituted a catalogue of categories for the changes of ideas children can use in their solutions. There are three main categories of changes of ideas: new, inspired, or structured ideas. A new idea has no connection to the idea before (e.g. followed by ). A structured idea connects two consecutive ideas by a mathematical structure like the sub-category law of constancy (e.g. followed by or the complement principle (e.g. followed by

). An idea is inspired either if it was used in a former structure and is picked up again in another structure (e.g. followed by (law of constancy) and by (complement principle) , or if a previously used structure is resumed. Thus, I got two individual creativity patterns (ICP's) which I represented graphically in a sort of a sequential tree diagram. Afterwards I contrasted the two patterns to show how they differ and how the new structure extends the solution space. Due to the lack of space in this paper, I present the ICP's in a reduced schema only concentrating on the main categoriesnew (green), inspired (orange), and structured (red) ideasbut categorizing them in detail in the description.

Results

Maria generated 13 solutions during her free working process on the open-ended task "Find different tasks with the number 4". She wrote every solution on a single card and placed them randomly on the table. She did not look back on the inscribed cards but only on the blank cards in front of her. I was not able to see any system in the arrangement of the cards. Moreover, her ICP illustrates that she found her solutions by generating mainly new ideas. I analyzed ten new and two structured ideas. First, Maria produced six different tasks, which differed in the used operationaddition or subtractionand in the placement of the number 4 either as the first summand or as the result. Afterwards she showed one of the two structured ideas by inferring a solution from the one before by the law of constancy: followed by . Maria generated the second structured idea in the same way but with the operation of addition: followed by . In between and after these structured ideas Maria produced constantly new ideas with the number 4 as the result of the task. The following schema illustrates Maria's complete first ICP (see figure 1):

Figure 2 shows the schema of Maria's second ICP. The red lined tasks are the tasks, which Maria produced in addition to her free working process. The dotted arrows symbolize that she produced more solutions in the prior pattern.

Maria's second ICP, illustrating her elaboration process, differed widely from her first one. She expanded her first solution space from 13 to now 31 solutions consisting of two new, four inspired and 18 structured ideas. First, she picked up her two written cards and , arranged them side by side and labeled them turn arounds [Tauschaufgaben]. This structured idea is based on the additive commutative law. She then displayed a new structured ideathe complement principleby connecting the two cards and . I gave her a metacognitive prompt by saying that there is one more pair of matching cards based on the complement principle. She found them and placed them near the first pair. Hence, Maria reconsidered the previously used structured idea and thus, showed an inspired idea connecting the task with the tasks and Subsequently, she thought for a while and after a metacognitive prompt, if she could write more solutions, she wrote the matching tasks within the complement principle to all previously found solutions. This means that Maria was able to respond to the given prompt and produce seven additional solutions by following a structured idea. After one more metacognitive prompt, if she could find further solutions, she generated in the previous used focus four new solutions, thus, two additional pairs. Finally, and without a prompt, she showed a new idea by writing the solution . For this solution she combined two different structural ideas. Primarily, Maria interpreted her solution in the previously used structure based on the complement principle, and wrote and thus, showed an inspired idea. Then she focused on the law of constancy and derived from the solution . Maria repeated this pattern twice with the tasks and Then she stopped the production but was able to explain how she could find further solutions in this way.

Figure

  Figure 2: Maria's ICP of the elaboration working process

Discussion and Outlook

The case study gives an insight into the potential of a high-resolution view on the first graders' creative processes when working on arithmetical open-ended problems.

Referring to the first research question the analyzed processes of the first grader Maria exhibit that there are interesting differences in the flexibility (and fluency) of the two ICP's from the two processes themselves and in the transformation. She first produced mainly new ideas and then completely changed her ICP when elaborating and expanding her own solution space. Especially her last composition, the combination of the complement principle and law of constancy, is stunning. Thus, a qualitative view at and analysis of the four characteristic of mathematical creativity seems to be necessary to define this term more precisely in a content-specific way. The second research question tended on the expanding of the child's solution space through elaboration and prompts. In the case study, Maria was able to react to the given prompts, and thus, the level of support of the metacognitive prompts themselves were high. Maria did not need any sort of cognitive prompts to expand her solution space. Thus, the following assumption can be made: The higher the ability of elaboration (and originality) of the child, the lower the need for various instructional prompts.

Following the previous presented insights of this case study from the pilot study, there have to be two implication for my future main study from March to July 2019:

First, an interview design needs to be developed in which all characteristics of mathematical creativitystill focused on flexibility and elaborationcan be analyzed in one first grader's creative process working on an arithmetical open-ended task. Looking at more such creative processes may lead to additional and complex ICP's.

Second, the prior stated assumption about the relationship between the elaboration abilities and the reaction to the instructional prompts has to be researched precisely. Furthermore, the effectiveness of the prompts itself must be considered in more detail. Therefore, all participants in my main study will be interviewed twice with two arithmetical open-ended tasks but the same instructional prompts.