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EXPLORING THE ROLE OF PEDAGOGY IN MATHEMATICAL CREATIVITY VIA MULTIPLE SOLUTION TASKS: A COMPARATIVE STUDY OF TWO SCHOOLS IN CHINA

This study aimed to explore the relationship between pedagogy and mathematical creativity by comparing the mathematical creativity of students who experienced more student-centred pedagogy (SCP) with that of students who experienced more teacher-centred pedagogy (TCP). In total, 163 Grade 9 students from two schools in China, each enacting primarily one of these forms of pedagogy, participated in the study. Multiple solution tasks (MST) were used to measure mathematical creativity in terms of fluency, flexibility, originality. The total mean scores for fluency, flexibility, and originality of the SCP school were all higher than the respective scores of the TCP school though the differences were not statistically significant. Implications for research and practice are discussed in light of these findings.

INTRODUCTION

Creativity plays a crucial role in the full cycle of advanced mathematical thinking. Giftedness in mathematics assessments does not necessarily imply mathematical creativity [START_REF] Sriraman | Are giftedness and creativity synonyms in mathematics?[END_REF], which requires divergent thinking that might not be covered in a national mathematics assessment. An example of this would be Chinese students who attained high scores in many international mathematics assessments but are in need of improvement in mathematical creativity (OCED, 2014). Relatedly, [START_REF] Lu | Creativity in students' modelling competencies: conceptualisation measurement[END_REF] conducted an empirical study among 107 Chinese upper secondary students, and found low levels of fluency and originality among participants reflecting their difficulties with attempting diverse ways to solve tasks. Regarding ways to foster mathematical creativity, some researchers suggested that, in contrast with teacher-centred pedagogy (TCP), student-centred pedagogy (SCP) has such a potential (e.g., [START_REF] Silver | Fostering creativity through instruction rich in mathematical problem solving and problem posing[END_REF]. Yet the relationship between pedagogy and mathematical creativity has attracted little research attention thus far. This study takes a step towards addressing this need for research by focusing on the following research question: Are there differences in mathematical creativity between students who have experienced more SCP and students who have experienced more TCP?

THEORETICAL PERSPECTIVES

The perspectives on TCP, SCP, and mathematical creativity are described as follows.

In a learning environment with TCP, the teacher primarily communicates to students through lectures solely designed to impart knowledge. SCP, in contrast, provides a learning environment where students construct their understanding, and teachers act as facilitators to "guide on the side" and help students achieve goals. While TCP is
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based on the behaviorist theory in which external stimuli causes behaviour changes, SCP involves constructivist and democratic principles where much knowledge is socially constructed [START_REF] Serin | A comparison of teacher-centered and student-centered approaches in educational settings[END_REF]. In this study, students categorized as having experienced more SCP did not necessarily only experience SCP-based lessons but did learn in an environment with more SCP compared to the comparative group.

The mathematical creativity in this study refers to the relative creativity, or creativity in school mathematics, which differs from that of professional mathematicians in that relative creativity is evaluated with reference to students' previous experiences and to the performance of other students who have a similar educational history [START_REF] Leikin | Exploring mathematical creativity using multiple solution tasks[END_REF]. Therefore, in this study mathematical creativity is to generate novel/original mathematical ideas, which are new to the person or the performance of other students in the similar educational history, with respect to the mathematics they have learned by discerning acceptable mathematical problems and models. I measured creativity in terms of three cognitive outcomes: fluency, flexibility, and originality. Fluency refers to the total number of appropriate problems generated by a solver; flexibility refers to the total number of strategies generated; originality refers to the uniqueness of one's solutions compared to others' response across two schools [START_REF] Leikin | Exploring mathematical creativity using multiple solution tasks[END_REF].

METHODOLOGY

Comparative case study

In this study, Dulangkou Secondary School and School Y were selected as cases to play the role of SCP and TCP, respectively. Four Grade 9 classrooms, two from each school, were then randomly selected. In total, 83 Dulangkou students and 80 School Y students participated in this study. Importantly, Grade 9 is the third year of Chinese secondary education, and participants from the same school have received the same school instruction since Grade 7.

The two schools were selected due to having comparable features but different pedagogical approaches. Regarding similarities, firstly, both schools are in rural towns under the same county of the same city, so the schools follow the same educational policies and have similar economic conditions, though Y town has slightly better economic development and a better geographic location. Secondly, both schools randomly divide students into classrooms rather than dividing them based on achievement. Thirdly, both are the only school in their respective towns, both of which require recruiting students only from within the district; thus, both schools have similar sources for students. These similarities provide some control over confounding variables and allow for a meaningful comparison. Regarding the differences, School Y is one of the best-performing schools among all 14 towns and employs TCP, while Dulangkou is the most popular school among all towns due to its reformed SCP. Dulangkou has been using a reformed pedagogy for more than two decades and exemplifies the result of Chinese compulsory education reform [START_REF] Sun | From the Bottom Up: Effective School Improvement in Dulangkou Junior Secondary School in China. Profesorado[END_REF].
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PME 46 -2023 1 -3 I used the RTOP observation protocol [START_REF] Piburn | Arizona Collaborative for Excellence in the Preparation of Teachers[END_REF], which was developed to evaluate the extent to which a classroom adopts reform-based pedagogy, to verify that Dulangkou's mathematical pedagogy was more student-centred than that of School Y. The total RTOP score ranges between 0 and 100, in which lower scores reflect TCP environments and higher scores represent SCP environments. Specifically, the RTOP results showed that Dulangkou scored 21.4 higher on average than School Y. In total, four Dulangkou teachers (11 lessons) and five School Y teachers (13 lessons) were observed. All four participated classrooms were observed for at least three consecutive lessons, and the rest non-participated classrooms were randomly selected from each grade (Grade 7, 8, 9) for observation.

Due to the schools each having a distinct pedagogy, the class schedule also significantly differed between them. Specifically, Dulangkou students received eight mathematics lessons per week (45 minutes/lesson), while School Y students received seven mathematics teaching lessons and six mathematics self-study lessons (40 minutes/lesson) each week. Self-study lessons refer to the periods that students independently work on the assigned problems while the teacher simply monitors. Thus, each week School Y students received 160 more minutes of compulsory mathematics discipline than Dulangkou students.

Design of the multiple solution task

Solve the following problem in as many ways as possible.

Task A (Geometry)

The 

Analysis method

Problems solved by students were first analysed based on appropriateness. The notion of appropriateness allows evaluating reasonable ways of solving a problem that potentially led to the correct solution outcome regardless of the minor mistakes made by a solver [START_REF] Leikin | Exploring mathematical creativity using multiple solution tasks[END_REF]. The data were then analysed based on fluency, flexibility, and originality. The detailed scoring scheme is explained in Table 1, which was adapted from [START_REF] Leikin | Exploring mathematical creativity using multiple solution tasks[END_REF] in that students were given half credit for the partial correct procedure rather than an absolute zero or a full credit. 

Fluency

CONCLUSIONS AND DISCUSSION

The analysis of the MST performance showed that the SCP participants outperformed the TCP participants in terms of the total creativity; however, due to the small sample sizes and 93% zero-achievers in Task B, the differences are not statistically significant. School Y students receiving 160 minutes/week more compulsory mathematics learning time might narrow the differences between the schools' MST performance, which remains a possible avenue for future exploration. Overall, my study results implicated that integrating SCP into secondary mathematics might avoid excessively subjecting students to intense discipline while achieving a similar/better level of mathematical creativity. Moreover, 7% fewer zero achievers among Dulangkou participants indicates that SCP might help improve problem solving among the low performers.

Students' performance on Task B suggests two things. First, the benefit of SCP when solving easy-level MST might exceed the benefit from solving difficult MST. Second, when tasks are too difficult, students' mathematical creativity via MST can be restricted to their mathematical knowledge and problem-solving skills. As a result, the valid data received would be insufficient, and individual results could dominate the group results. I therefore suggest tasks aiming to indicate creativity be set at an easy or moderate level so that students' divergent thinking is not submerged. Although this study cannot guarantee the definitive causal claim between pedagogy and mathematical creativity, which attributes to the limitation of comparative studies: the quandary of "many variables, small-N" [START_REF] Lijphart | Comparative politics and the comparative method[END_REF], it blazes a new path in this direction and underscores the need for more inquiry into this line of research. Future studies should increase school cases and further control pedagogy as the main variable to robustly investigate the relationship between pedagogy and mathematical creativity.

  Figure 1. Tasks used in this study This study used multiple solution tasks (MST) to indicate mathematical creativity. Two tasks, listed in Figure 1, were chosen for their coverage of geometry and functional word problems to assess multiple facets of students' conceptual and
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 2 Distribution of categories of solutions solved by participants (Task A)

				Flexibility	Originality	Creativity
	Scores	=1			=10	=10
	per	solution is		solutions from a	(P<15%)
	solution	appropriate =0.5 solution is partial		different group of strategies =1 similar strategy but a	=1 15%≤P<40
		appropriate		different representation
		=0			=0.1	=0.1
		solution is		same strategy, same	(P≥40)
		inappropriate	representation
				If	=0.5,	=	/2
	Total			
	Score			
	n is the total number of appropriate solutions, including partial appropriate solutions.
	P=( /n)•100%, where	is the number of students who used strategy j.
	Table 1. Creativity scoring scheme, adapted from Leikin (2009)
	FINDINGS			
	Fluency, Flexibility and Originality
	For Task A, School Y participants generated 81 appropriate solutions and 5 partial
	appropriate solutions; Dulangkou students generated 108 appropriate solutions and 1
	partial appropriate solution. For Task B, Dulangkou produced 7 and School Y
	produced 8 appropriate solutions. Only six students from each school generated an
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 3 Distribution of categories of solutions solved by participants (Task B) with the p-value of 0.105, 0.115, 0.301 for fluency, flexibility, and originality, which attributes to the small sample size, the scoring scheme's nature, and the difficulty of Task B.

	# of students /		Dulangkou			School Y		Originality
	Strategy		(n = 83)			(n = 80)	
	Strategy A	A1	A2	A3	A4	A1 A2	A3	A4 0.1 for 1.1
		59	5	2	2	41	0	3	0	to 1.3;
		(71%)	(6%)	(2.4%)	(2.4%)	(51%)		(3.8%)		10 for 1.4
	Strategy B		26 (31.3%)			31 (38.8%)		1
	Strategy C		12 (14.4%)			5 (6.3%)		10
	Strategy D		1 (1.2%)			2 (2.5%)		10
	Strategy E		1 (1.2%)			1 (1.3%)		10
	Strategy F		1 (1.2%)			1 (1.3%)		10
	Strategy G		1 (1.2%)			0			10
	Strategy H			0			1 (1.3%)		10

As indicated in Table

4

, The total mean fluency, flexibility, and originality of Dulangkou participants were all higher than the respective scores of School Y students. However, the Mann-Whitney U test suggests such differences are not

Table 4 .

 4 Mean and SD of Total Creativity for both tasksCreativityAll participants were ranked based on their total creativity score. 28% Dulangkou and 35% School Y participants obtained a zero score, and thirteen out of the top twenty performers are Dulangkou students. Specifically, for Task A, eight out of the top ten performers are Dulangkou students. However, according to Mann-Whitney U test, such differences are not statistically significant (p-value: 0.248).
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 5 Creative Thinking Level, Adapted from[START_REF] Tatag | Level of students' creative thinking in classroom mathematics[END_REF].To further analyse the two schools' performance, I grouped students' responses into Creative Thinking Level (CTL), which is the level I adapted from[START_REF] Tatag | Level of students' creative thinking in classroom mathematics[END_REF] to classify students' creativity with relevance to the rest of the group. The indicators of CTL are explained in Table5, and the CTL results are indicated in Table6. The School Y, 1 for Dulangkou). The model suggests that the odds of Dulangkou students obtaining a higher CTL for Task A is 1.455 times, and for Task B is 0.959 times, as large as it is for School Y students. The estimated differences between the two schools are smaller for Task B than for Task A.

	Level	Characteristic of Creative Thinking Level
	Level 0	Students were not able to show any components of creativity
	(Not Creative)			(Cr = 0)	
	Level 1	Students were able to show fluency without or with low
	(Almost Not Creative)	originality and flexibility in solving problem
		(	>0,	= 0.1 and	< 10)
	Level 2	Students were able to show flexibility or originality in
	(Quite Creative)	solving problem with low fluency
		(0 <	≤1,	> 0.1 or	= 10)
	Level 3	Students were fluent and then they were flexible or
	(Creative)		demonstrate originality	
		(	>1,	= 10 or	=10)
	Level 4	Students satisfied all components of creativity
	(Very Creative)	(	>1,	=10 and	=10 )
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