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Can fluency as a factor of creativity be measured simply by means of a Fermi problem, and what influence does academic performance in mathematics have on this?
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The assessment of creativity has been studied much in the field of psychology. However, there is little research on easy-to-use assessment methods for schools in mathematics education. The goal of this study was to analyze the correlation between fluency measured by a Fermi problem and fluency in general creativity. Furthermore, it is to examine the possibility that Fermi problems can be used as a simpler way to measure fluency in mathematics education. As a result of surveying Japanese junior high school students (n = 291) and analyzing the results, a strong positive correlation was found. In addition, the results of the multiple regression analysis showed that fluency measured by a Fermi problem is a relatively strong factor when fluency in general creativity was the dependent variable, even when controlling for academic performance in mathematics and age.

Introduction

Fostering creativity is required around the world. In the United States, for example, the educational goal is to develop 21st century skills. One major skill is creative thinking [START_REF] Piirto | Creativity for 21st century skills[END_REF]. In Europe, the goal is to develop key competencies. Creativity is said to be built into all key competencies. Other countries are also trying to develop skills and competencies like those listed above. Fostering creativity is also a goal of mathematics education in Japan. The Japanese National Curriculum Standards (2017) guidelines propose that creativity should be fostered in each subject, nevertheless, clear guidance does not exist. Moreover, it is also not explicitly stated how creativity would be assessed. Because of this situation, a method should be developed that can be handled in mathematics education and can be used in schools to assess creativity in a simple way. Previous studies have shown that Fermi problems require creative thinking, and they seem to be useful to utilize as teaching materials to foster creativity. Additionally, it is hypothesized that there is a strong relationship between creativity and the richness of aspects considered in a Fermi problem. It would be possible to measure creativity by means of Fermi problems. The present study has two purposes. The first is to investigate the correlation between fluency measured by the richness of aspects solving a Fermi problem and fluency in creativity in general. The second is to examine the possibility that Fermi problem can be used as a simpler way to measure creativity in mathematics education.

Theoretical Frame Fermi Problem

"Fermi Problems" were named after the Italian nuclear physicist Enrico Fermi. He had a special way of raising problems and probably the most famous of them is "How many piano tuners are there in the city of Chicago?". Morrison described Fermi problems as "That is the estimation of rough but quantitative answers to unexpected questions about many aspects of the natural world" (Morrison, 1963, p. 627).

Fermi problems have been used in many areas of mathematics learning such as mathematical modelling. For example, Ärlebäck (2009) used of Fermi problems in a study conducted with high school students and Andrea (2005) used Fermi problems with pupils at the primary stage of education.

Fermi problems have also been found to be valuable as a learning material for mathematics. According to Silver:

The development of students' creative fluency is also likely to be encouraged through the classroom use of illstructured, open-ended problems that are stated in a manner that permits the generation of multiple specific goals and possibly multiple correct solutions, depending upon one's interpretation. For example, consider the following "Fermi-style" problem […] (Silver, 1997, pp. 77).

If the relationship between Fermi problems and creativity becomes more clear, the value of dealing with Fermi problems in mathematics education will also be explained. Furthermore, it is also hypothesized that it would be possible to measure creativity by means of Fermi problems.

Creativity

Previous studies have expressed various definitions of creativity. [START_REF] Treffinger | Creativity, Creative Thinking, and Critical Thinking: In search of definitions[END_REF] reviewed the literature for definitions of creativity up to 2011 and collected more than 100 references which discusses creativity from different perspectives. The present study focuses on fluency, as one of the elements of creativity. Guilford is a pioneer in the study of creativity since the 1950s. [START_REF] Guilford | A Factor-Analytic Study Of Creative-Thinking Abilities[END_REF] hypothesized that creativity has the following factors: sensitivity to problem, fluency, flexibility, originality, penetration, analysis, synthesis and redefinition. In the course of his research, Guilford refined these creativity factors and defined the factors while testing his hypothesis. In Guilford's study, fluency is defined as "The ability to think of many ideas; many possible solutions to a problem" (Guilford, 1973, pp. 2). Tests have also been developed to measure these factors. For example, based on research by Guilford, Torrance developed tests to measure the creativity factor. In Torrance's study, the measure of fluency is "In all tasks, fluency is defined as the total number of relevant responses, relevancy being defined in terms of the task assigned" (Torrance, 1963, pp. 9). Even in the 2000s, the research on creativity tests continued. [START_REF] Kim | Can we trust creativity tests? A review of The Torrance Tests of Creative Thinking (TTCT)[END_REF] critical examination of the Torrance Creativity Test and his research on the effective use of the Torrance Creativity Test and showed that fluency is one of the elements of creativity.

Fermi problems are seen as a form of mathematical modelling therefore the present study focuses on creativity in mathematical modelling. Mathematical modelling is the process of translation between the real world and mathematics in both directions [START_REF] Blum | Mathematical modelling: Can it be taught and learnt?[END_REF] and some there some studies have investigated the association between mathematical modelling and creativity. Dan and Xie state that "We evaluated 33 engineering students in a class and obtained the distributions of the students' mathematical modelling skills and their creative thinking levels. The data from the experiments show that there is a strong positive correlation between these two kinds of competencies" (2011, pp. 457). Thus, it was assumed that mathematical modelling seems to have a positive impact on creativity. Wessels' (2014) study also discusses the relation between creativity and mathematical modelling. Wessels identifies the following four elements as a measure of the association between mathematical modelling and creativity:

• Fluency that refers to the generation of different solutions.

• Flexibility that entails the change of shift that takes place in the emphasis, direction, or approach of creative problem solvers.

• Novelty that refers to the level of originality in the development of new and unique solutions.

• Usefulness that is grounded on the relevance, adaptability and reusability of solutions in other realworld situations.

Wessels states that "A framework with four criteria for the identification of creativity was successfully used to evaluate levels of creativity in the solutions to the MEAs (model-eliciting activities)" (2014, pp. 1). [START_REF] Lu | Creativity in students' modelling competencies: conceptualisation and measurement[END_REF] also state the relationship between mathematical modelling and creativity. They defines the three elements of creativity in the modelling cycle as Usefulness, Fluency, and Originality. They suggest that when assessing modelling competency, it is better to include the perspective of Usefulness among the three elements in the assessment items.

Thus, previous studies have discussed creativity and mathematical modelling. However, only a few studies have discussed the connection between fluency in general creativity, fluency measured by a Fermi problem and academic achievement in mathematics in detail. Additionally, previous studies have shown that assessing creativity in mathematics education is time-consuming. Therefore, a simpler way to measure creativity will need to be developed.

The present Study

In this paper, two research questions are considered.

1. Is there a correlation between fluency in the Fermi problems and fluency in creativity in general? 2. If there is a correlated, can the Fermi problem measure fluency in general creativity without being influenced by academic performance in mathematics, age, or gender?

Therefore, the purpose of this study is to determine whether there is the relationship between fluency in general and fluency measured by the richness of aspects in solving a Fermi problem. Additionally, it is investigated whether the Fermi problem can be a simpler measure of fluency in general creativity, when controlling for factors such as academic performance in mathematics, age and gender.

Participants and Procedure

A total of 291 Tarui Municipality Fuwa Junior High School (public junior high school) students participated in the survey (100 seventh graders, 169 eighth graders, 22 ninth graders). The academic level at this school is slightly lower than the national average. First, students received a mathematical performance test with a time limit of 50 minutes. Then they took the test for creative thinking and the Fermi problem test, which were both 10 minutes. Mathematical performance tests such as the one used in this study are part of the school curriculum and take place at the end of every school year.

The students took the test in a relaxed state, as it was explained to them that the results of the test for creative thinking and the Fermi problem test would not affect their school grades in mathematics or any other subject at all.

Mathematical Performance Test

This is a test given regularly to measure the academic performance in mathematics and the author of the study was not involved in its design because the test was prepared by an educational publisher. In seventh grade students are tested on positive and negative number, equation, proportional and inversely proportional, figure problems, such as surface area and volume. In eighth grade, in addition to the aforementioned items, they are also tested on polynomial calculation, linear functions and proof problems for congruent figures. In ninth grade simultaneous equations and proof problems of similarity are added. These problems are asked in approximately the same proportion.

Test for Creative Thinking (TCT)

The Takano's TCT (1989) to measure fluency in general creativity was used in the present study. The TCT is based on Guilford's TCT (1959) and was adapted by Takano for Japanese students. The questions are as follows. A picture of an empty can was shown, and the students were asked, "What are the possible uses for the objects in this picture? Please think of as many as you can." The intention of this question is to figure out how many ideas the students can write. The number of possible uses of the empty can that the participants could think of was defined as fluency. For example, if a student gave two responses, "I use it as a vase" and "I use it as a tool for drawing circles", the fluency is 2. If no answer is given, the score is 0. In the following there are some examples of students' responses to the question: using it as a container, using it as a musical instrument, using the lid of the can as a cutter, using it to play bowling, using as a penholder, putting a stone in it, then using it as a weapon etc.

Fermi Problem Test

The Fermi problem used in the present study is "How many liters of water does one person use in a year?" In this Fermi problem, fluency is defined as "the richness of aspects solving a Fermi problem." This definition is different from definition of [START_REF] Wessels | Levels of mathematical creativity in model-eliciting activities[END_REF] or [START_REF] Lu | Creativity in students' modelling competencies: conceptualisation and measurement[END_REF]. For ease of the evaluation in school, the number of ideas that can be evaluated more clearly and simply was used as the definition. For example, if a student considered "the amount of drinking water" and "the amount of water used in the shower" as the elements needed to solve the problem, the fluency is 2. If a response was "I use 10 liters in the morning, 20 liters in the afternoon, and 30 liters at night." Then the day was divided into three parts in chronological order the score was three. If there was no number to assume or only the answer, it was determined to be 0. After considering many problems in my preliminary research and discussing them with some pedagogy professors, it this problem was adopted.

Results

The statistical analysis was conducted to investigate the first research question, "How much of a correlation is there between fluency in the Fermi problem and fluency in creativity in general?" The correlation between fluency measured by the richness of aspects solving a Fermi problem (fluency of a Fermi problem), fluency in general creativity by TCT (fluency by TCT) and academic performance in mathematics was examined. Correlations with mathematical performance were also investigated, as previous research suggested that creativity and the Fermi problem have a strong relationship with mathematical performance. As can be seen (Table 1), there is a strong positive correlation between fluency of a Fermi problem and fluency by TCT. There is also a weak positive correlation between academic performance in mathematics and fluency by TCT. Similarly, there is a weak correlation between academic performance in mathematics and fluency of a Fermi problem. A multiple regression analysis was then conducted to further investigate the connection between the fluency in general creativity and the fluency in a Fermi problem, which was investigated in the present study. Fluency in general creativity was used as the dependent variable to determine the extent to which fluency as measured by the Fermi problem is a construct of fluency in general creativity. As can be seen (Table 2) two models were created for analysis. No multicollinearity was found in the two models. Model 1 adds age and gender as well as math-performance as control variables. Model 2 uses only math-performance as a control variable. Both models also show significant differences.

In addition, there is a significant difference fluency of a Fermi problem and academic performance in mathematics in both models. 

Discussion and Conclusion

Analysis of the data showed a strong correlation between fluency in general creativity and fluency measured by the richness of aspects in solving a Fermi problem. The result of the multiple regression analysis in Table 2 also show that fluency of a Fermi problem is a relatively strong factor when creativity in general creativity was the dependent variable, even when controlling for academic performance in mathematics and age. Thus, it is predicted that the Fermi problem can measure fluency in general creativity without much effect from factors of age and academic performance in mathematics. Previous studies of the relationship between mathematical modelling and creativity have defined fluency as the number of different solutions or the number of different models considered. In addition, the mathematical modelling problems used in these studies were modelling problems of relatively high challenging level [START_REF] Wessels | Levels of mathematical creativity in model-eliciting activities[END_REF][START_REF] Lu | Creativity in students' modelling competencies: conceptualisation and measurement[END_REF]. If the problem is a mathematical modelling problem at a challenging level, it is possible that it may take longer time to solve the problem, or that students seem to be satisfied if they can find one solution or model for the problem. This makes it difficult to measure fluency appropriately. To avoid such difficulties, the present study assessed fluency from a different perspective. By defining fluency as "the richness of aspects of solving a problem", it is possible to evaluate fluency more openly in terms of the items students have created and thought about in order to solve a problem, even if they cannot create a complete single solution or model. Additionally, Fermi Problems require to consider a large quantities of scenarios quickly (Ärlebäck, 2009). In fact, the Fermi problem used in this study showed that most of the students were able to answer or came up with ideas to solve the problem within 10 minutes. Thus, the Fermi problem can be handled in a short time. Therefore, the assessment using the Fermi problem, as in the present study, is simpler than the assessment used in previous studies. Hence, this suggests that Fermi problems can be simply used as one of the fluency assessments in school.

Focusing on the relationship between academic performance in mathematics and fluency, there is a weak correlation. There are two possible reasons for the weak correlation. First, Japanese junior high school students are not familiar to modelling problems like the Fermi problem. Therefore, it is predicted that even students who have a high academic performance in mathematics were not able to achieve a high level of fluency. Second, the issue seems to be the nature of mathematics problems. Just presenting ideas is not enough to solve a mathematical problem. It is necessary not only to come up with ideas for solutions, but also to be able to change the solution method to a better one to handle them properly, and to calculate without making mistakes. These reasons are considered to be the cause of the low correlation. In the present study a low relationship between the fluency and academic performance in mathematics was found, but one cannot deny the possibility that there is a strong relationship when looking from another perspective.

There are some limitations to the present study. First, in the present study, the reliability and validity of the test to measure fluency with the Fermi problem was not verified. Therefore, it is not possible to state that fluency in general creativity can be completely measured by means of this Fermi problem. Second, students dealt with "How many liters of water does one person use in a year?" In this case, results showed the relationship between fluency in general creativity and fluency measured by the richness of aspects solving a Fermi problem. However, it was not possible to shown whether there is the relationship between fluency in general creativity and all other Fermi Problems. It could be the case that there are some Fermi problems that limit fluency in the first place. Furthermore, the survey was only conducted with Japanese students in one school. It is possible that other countries will have different results. Moreover, the present study was only focused on fluency, which is one of the factors of creativity. It cannot be conclude from the results of the present study that Fermi problems is strongly related to all factors of creativity.

Although there are some limitations, it was suggested that the existing definition of fluency in mathematical modelling could be reconsidered, and that Fermi problems could be used to measure fluency in a simpler way. In the future, it will be examined the validity and reliability of a test to measure creativity using the Fermi problem. Additionally, the relationship between general creativity factors other than fluency and Fermi problems will be investigated to complement and extend the results of present study.

Table 1 : Correlation between Fluency by TCT, Fluency of a Fermi problem, and Math-Performance Fluency by TCT Fluency of a Fermi problem Math-Performance Fluency by TCT 1

 1 

	Fluency of a Fermi problem	0,614**	1	
	Math-Performance	0,247**	0,278**	1

*p<0,05;**p<0,01 Math-Performance (Mathematical performance test scores)

Table 2 : Results of multiple regression analysis with fluency by TCT as the dependent variable Regression coefficient Standard error Standardized regression coefficient Model 1: Dependent variable is fluency by TCT and 4 variables

 2 

	(Adjusted R 2 = 0.297,F(4,286)= 31.58,p<0.001)

*p<0,05;**p<0,01; ***p<0,001 Math-Performance (Mathematical performance test scores)