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Abstract

:

This study examines preservice teachers’ perspectives of creativity and character education in mathematics through a university-based teacher education program. We developed a curricular unit on creative character education in a mathematics methods course and investigated participants’ (n = 56) emerging perspectives of teaching creativity and character by the integration of content and process in mathematics. Data were collected through pre- and post-questionnaires and transcribed course discussion and presentation sessions. A quantitative analysis of the questionnaires through a t-test confirmed key changes in participants’ perspectives, while the qualitative context of data illustrates the participants’ emergent views on creative character education in mathematics. Overall, findings suggest that a mathematics teacher education curriculum integrating mathematical creativity and character education has the potential to prepare future educators to implement pedagogy that bridges between process and content in school mathematics for the next generation of learners.
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1. Introduction


Today’s classrooms are on the brink of a technological and industrial revolution that can fundamentally change the way we think about teaching and learning. Our students need to inquire into the many ever-changing ways in which knowledge is constructed, connected, and created; we believe creativity is deeply rooted in such activities that expand knowledge. Equally important is the opportunity to develop communication skills through collaboration within communities of learners and teachers. With the potential to connect people with diverse cultural assets across geographies and disciplines, a character education curriculum which provides the positive social experiences of building trust and relationships with others in the classroom community is increasingly important [1,2].



Along with the importance of integrating creativity and character as an emerging educational paradigm that bridges content and process, the goals of international (mathematics) education systems have begun to reflect the importance of creativity and character education. For example, the national educational standards in the U.S. [3,4] and the U.K.’s National Advisory Committee on Creative and Cultural Education [5] emphasize developing students’ mathematical creativity and their awareness of mathematical values. In our regional context, the Korean Ministry of Education [6] also identified creativity and character building education as an important future educational practice for our students. Research on creativity and character building has explored subdomains of each construct and developed scales to investigate relationships between those two constructs [7]. Research in teacher education initially investigated ways of training teachers to foster student creativity [8,9], while recent research has underscored the role of teachers in supporting students as they develop creativity and character [10].



However, the research on educator efforts to design and implement a pedagogy addressing both creativity and character education in the mathematics classroom is scarce. In particular, there exist few studies on the curriculum of creativity and character education in university-based teacher education programs. One way to describe creative character education is the kind of educational space where students develop mathematical thinking and creativity through mathematical activities. Also, inside this educational space, learning processes are regulated and facilitated through productive social and academic interactions [11], which leads to positive student character. With the vision of creative character education in mathematics classrooms, it is warranted to implement a teacher education curriculum focused on creativity and character education, and to study the impact on preservice teachers’ changing perspectives towards creativity and character education. This study implemented a curriculum of mathematics creativity and character building in teacher education, with an aim to prepare preservice teachers to implement an integrated pedagogy of creativity and character education in the classroom. Our interest in investigating the impact of a curricular unit on preservice teachers’ emerging views on creativity and character education led us to the following research question: To what extent does a curricular unit which integrates creativity and character education, along with mathematical content and process, influence preservice teachers’ perspectives towards creativity and character education in the mathematics classroom?




2. Theoretical Background


2.1. Mathematical Creativity


There are plural definitions of mathematical creativity. Mathematical creativity, compared to creativity in a more general sense, is widely known as the ability involved with concept-developing and problem-solving processes in mathematics. Early theories on mathematical creativity include Poincare’s research on creativity as insight through intuition in relationships between mathematical problem solving and the unconscious. Wallas [12] posed another early theory of mathematical creativity, claiming that creativity is nurtured from the unconscious work of incubation and then externalized through symbols, words, and logic. These early studies of creativity contributed to the theoretical foundation of mathematical problem-solving models thereafter, such as Polya’s and Schoenfeld’s notion of heuristics.



As problem solving has become a regular part of mathematics instruction, so has the educator’s interest in framing creativity within the strategies of problem solving. Divergent thinking is often used as a strategy to generate multiple creative ideas, and is regarded as an important component for mathematical creativity by contrasting convergent thinking. Convergent thinking is a technique that structures and organizes various ideas from different participants and attempts to culminate in one best solution to a question. However, both are crucial for developing mathematical creativity as these strategies point to the importance of connecting existing ideas in order to build new ideas. When mathematical creativity is defined as the process of making unique and insightful results for a problem, this connection of building ideas is an important process in mathematically creative thinking [13].



On the other hand, research proposed different types of mathematical creativity for different contexts. For instance, Liljedahl and Sriraman [14] suggested distinguishing school-level creativity from professional-level creativity. Professional-level creativity refers to originality or ingenuity in academic products for discovering what was previously unknown. School-level creativity is the process of developing exceptional and unconventional solutions in problem solving. School-level mathematical creativity also encompasses gaining the knowledge of school mathematics, integrating disconnected ideas, and building new relationships. As described next, considering creativity in this study, we noted the importance of mathematical tasks that afford students opportunities to communicate and use tools in describing an appropriate level of creativity for students.




2.2. Creativity Education Program in the Study


In designing a unit to support participants as they learn to conceptualize a pedagogy for facilitating student creativity in the mathematics classroom, we propose a student-centered method consisting of three specific approaches: storytelling, use of manipulatives, and use of multiple representations. More specifically, our curriculum provides preservice teachers with educational contexts in which students participate in story-based, problem-solving tasks using technology or manipulatives. The use of technology and manipulatives allows students to explore various representations of mathematical thinking and reasoning, and to produce diverse solutions to problems; our participants were asked to engage in these problems as learners.



This approach builds upon a research base on the educational opportunity to (1) build a rich conception of situations and to express concepts and ideas through storytelling [15]; (2) build relationships between concepts and objects through the use of manipulatives; and lastly (3) link relationships in a network of ideas and to engage in problem solving through the use of various representations, including those demonstrated through technology. In this way, the use of storytelling, manipulatives, and multiple representations combine to afford meaningful opportunities for students to engage in inductive reasoning, synthesis, and ultimately creativity in the mathematics classroom [16]. Table 1 shows the literature to categorize subdomains of creativity and to support our rationale for the connection between creativity and teacher practice in the classroom [7].



Storytelling. Teachers can use stories as a learning tool in the mathematics classroom [15]. More specifically, stories can foster creativity in students by prompting their interest, curiosity, sensitivity, and imagination about mathematics. These stories can be told through mathematical enrichment activities, using the history of mathematics and mathematicians, diverse mathematical ideas, structures, modeling situations, and other cultural artifacts [28]. As the teacher tells stories, students can use the information, as well as their imagination, to understand the narrative accounts and construct their own. In this sense, stories can engage students in the process of learning [29].



Use of manipulatives. Use of manipulatives in the mathematics classroom is a student-centered process in which students touch and move objects while they explore and connect mathematical ideas to ultimately expand their creativity. Manipulatives are cognitive tools that are a dynamic visual representation of otherwise abstract mathematical ideas. The theory of experiential learning states that learning is meaningful when students acquire knowledge through active processes that engage mind and body [30]. Further, an appropriate use of manipulatives enables students to objectify abstract concepts, helping students transition from concrete experiences to abstract reasoning [31,32,33].



Use of multiple representations. Mathematical representation refers to the ways of capturing an abstract mathematical concept or relationship [34]. A mathematical representation may be either symbolic in nature or more of an internal way of thinking about mathematical meanings [35]. Regardless of their form, Duval [36] asserts that representations are essential to communicate meaning drawn from or evident with mathematical objects and concepts. For example, using multiple representations can support students in visualizing (e.g., diagrams and graphs) mathematical concepts, making connections, and creating new ideas. Through activities with multiple representations, including various modes of expression (e.g., speaking, writing) for communication, students broaden their repertoire of illustrating mathematical ideas and gain deeper mathematical understanding.




2.3. Character in Mathematics Education


Character is defined in the field of education as moral qualities, ethical values, and responsibility for self and others in society. Character education involves students developing a moral sense and positive character traits [37]. Traditionally, character education in schools belonged to civics classes which taught respect, responsibility, and caring for family and community members. However, there has been increasing interest in teaching moral and civic virtues through academic content [38,39]. Interest has also risen as to how the kinds of civic education that promote a responsible citizenry can be used in conjunction with curriculum on creativity. Particularly, the national curriculum in Korea [40] emphasizes the key abilities of creative thinking and a sense of community; competence of each is related to character education. Similarly, in the U.S., Common Core State Standards for Mathematics [3] highlights the mathematical practices involving perseverance in solving mathematical problems in addition to the mathematical content. In this study, we use the term character not to distinguish it from other terms, such as disposition or personality, but more to attend to the kinds of social–emotional development promoted and nurtured through learning in educational contexts.



Educational philosophers such as Pestalozzi, Herbart, and Froebel have highlighted character education as an important component of mathematics education [41]. According to Pestalozzi, the goal of mathematics education as an essential discipline to cultivate character is developing cognition and powers of thought. Similarly, Woo [42] stated learning mathematics paralleled performing mental gymnastics such as judgment and inference, thus teaching mathematics to include character education can lead students to exercise judgment and justice in the moral sense. These views point to the potential of mathematics instruction to inculcate not only the nature of mathematical truth, but also aesthetic and moral values.




2.4. Character Education Program in the Study


Beginning with group processing [43], we attended to the importance of learning through positive interactions with others in the classroom. This theory posits a close relationship between positive interdependence and cultivation of character through how relationships with peers influence individual behavior for psychological process and goal achievement.



Our approach builds upon a research base to identify three process-based teaching practices with the potential to foster student character. Table 2 shows the literature that supports the connection between the elements of character and teacher practices to promote process-based learning in the classroom.



Classroom norms. Classroom norms are an important construct for the analysis of classroom cultures [48]. In this study, we considered socio-mathematical norms of the classroom community, including the normative aspects of student behaviors and interactions in the learning of mathematics [49]. The development of classroom norms would involve students debating acceptable social norms and ways to participate in mathematical discourse in order to create a safe and productive mathematics-learning environment. Then, the students selected the norms for their classroom and learned to cultivate acceptable social and mathematical behaviors, which are evident in character traits such as: respect, kindness, responsibility, helping, persistence, reasonableness, and/or productivity. As classroom norms are associated with future behavior in the classroom [50], when students exercise the classroom norm, for example, supporting each other in listening actively, contributing ideas, and sharing struggles, students have the opportunity to build characteristics such as kindness, respect, and productivity.



Collaborative learning. Collaborative learning is an educational approach in which groups of learners work together to accomplish shared learning goals [51]. Research has claimed that as students participate in collaborative learning and practice social skills, they have the opportunity to develop core virtues such as leadership, responsibility, and cooperation [52]. In this study, the meaning of learning mathematics is believed to lie in the participatory opportunity to communicate mathematical knowledge with others in the community. Therefore, collaborative learning can provide space and opportunity in which to develop concepts within the learner and to use the communication with others as negotiation of knowledge and experience to change thinking with new or improved ideas. As the learner works collaboratively with the teacher and peers, and as they participate in the negotiation of knowledge and ideas, the ability to listen to others and engage in this meaningful conversation may positively address a number of emerging challenges such as bullying or harassment.



Multirater feedback. The multirater feedback approach is a type of assessment in which individuals working as part of a group are asked to offer feedback on the peer’s performance [53]. Multiple performance feedback provides a student with the opportunity to analyze, assess, and improve his or her learning in light of support and collegial feedback from members of the classroom community. It makes the student aware that being successful is not solely about pleasing the teacher—success is identified in the process of working with peers, helping others who share goals or problems find success, and improving oneself. In the context of this study, multiple methods of assessment for character education such as group-, peer-, and self-evaluation are designed and implemented in the classroom. Evaluations by teacher, self, and peers are intended to enrich components of character such as responsibility and fairness in oneself, as well as in the classroom norms which reflect the values and beliefs of the classroom community. Additionally, designing assessments in which students engage in evaluating knowledge across various modes of communication can help individual students recognize the intellectual contributions of others in the community as equal in value to the dominant knowledge.



Integrated approach: Creativity and character education. In the study, we define creative character education as an integrated educational approach which fosters both mathematical creativity and character in the mathematics classroom. Our design of the creative character education program is summarized in Figure 1.



Research on creativity in mathematics education has been conducted separately from the research on character education. An education geared towards creativity may overlook the importance of cooperation and group work, while on the other hand, character education may overlook mathematical content. While multiple studies on mathematical creativity education have provided investigation into concept, learning, teaching, and problem solving [13,54], there have been few studies on character building in mathematics education. In light of the need for research on the integration of creativity and character education, to include the initial pedagogical models in teacher education, this study investigated a new model of pedagogy in the context of teacher education. Extending the literature on creativity and character in education, we frame creativity in the mastery of content through pedagogical strategies such as storytelling and the use of manipulatives and representations. Character education is framed in the process (not product) of participatory learning through classroom norms, collaborative learning, and multirater feedback.





3. Method


3.1. Participants


From a university-based teacher education program in Seoul, Korea, 56 preservice teachers (grades 7–12) volunteered to participate in the study in the spring of 2014. All participants signed informed consent approved by the Institutional Review Board. The participants (33 male and 23 female, age 22–25) had junior or senior standings in the college of education at a private university in Seoul, Korea, and had taken at least 18 credit hours of advanced mathematics and 6 credit hours of mathematics education courses.




3.2. Data Collection and Analysis


This study implemented a mixed research method [55]. A quantitative method of research design, along with the description of our curriculum and some supplementary qualitative data as contextual information, was used to investigate the impact of our approach on participating teacher candidates’ emerging views of creativity and character education. The main data sources of this study consisted of survey responses and artifacts from participants’ activities, including written reflections and transcribed data of student debates and presentations. As part of the study, a questionnaire instrument was designed by adapting the survey items of Whang et al. [7], which proposed a survey of 60 items with middle school students as respondents. First, we reviewed the literature and identified the subdomains of creativity and character which were most appropriate for a curriculum for preservice teachers, including storytelling, use of manipulatives and technology, use of representations, classroom norms, collaborative learning, and multirater feedback (i.e., [21,56]). From this, we developed two valid scales (i.e., content and process) that aligned with these subdomains. The questionnaire included a total of 40 items (after omitting redundant or unrelated items from Whang and his colleagues’ instrument) with 19 items on the subconstructs of creativity and 21 items on the subconstructs of character education. The alignment of the items and components are provided in Table 3 and Table 4. The pretest was conducted in the first class meeting and the post-test was conducted in the last class meeting of the semester.



The scale for the items in the questionnaire were encoded from −2 = strongly disagree to 2 = strongly agree. Pre- and post-analysis were performed via the t-test for paired samples at a 0.05 alpha level. (Alpha indicates how extreme the data must be before the null hypothesis is rejected. The smaller the alpha, the less likely it is to find a statistically significant result.) The test aimed to determine whether there exists statistical evidence that the mean difference between pre- and post-outcomes is significantly different from zero. Post hoc analyses are performed after a study has been implemented, which can explain possible nonsignificant results. Our post hoc power analysis reported a power of greater than 0.99 at the 5% alpha level with effect size of 0.8 and a sample of 56 and confirmed the actual effect of our curriculum in the study [57]. The reliability of the 40 items in the questionnaire was evaluated using Cronbach’s alpha as the estimate of internal consistency. The value of Cronbach’s alpha for the survey of creativity character education was 0.883, which is considered as a reasonably strong alpha coefficient. Content reliability was ensured through independent review by two mathematics educators; the reviewers then recommended revisions until a consensus for approval was reached.



Transcribed video data from the participants’ pro and con debates, based on their reflection papers, were used as supplemental data to provide contextual information on the quantitative results. Data were also gathered from the participants using final group project presentations on creativity and character education at the end of the semester.




3.3. The Curriculum


The participants in this study took part in a unit embedded in a methods course (3 credit hours) for 16 weeks; the class met twice a week. The content of the curricular unit included pedagogy with regard to storytelling, manipulatives, and representations in order to foster creativity in the learning of mathematics for twelve weeks. Also featured was teacher practice regarding classroom norms, collaborative learning, and multirater feedback in order to develop character building in the mathematics classroom. All in-class activities were designed to reflect the principles of collaborative learning, including the multirater feedback for performance on assignments and in-class participation, with the goal of improving student collaboration. The participants were asked to create a lesson plan as their final project. The lesson plan was designed to foster students’ creativity and promote character building. In this way, the preservice teachers had the opportunity to consider specific ways to implement creative character education in the mathematics classroom. Table 5 describes our curriculum in more detail.





4. Findings


4.1. The Effect of the Unit on Mathematical Creativity


Relationship between storytelling and mathematical creativity. The t-test results revealed that the mean scores for the survey items about participant conceptions of creativity relative to storytelling in the postquestionnaire were significantly higher than those in the prequestionnaire. The t-test results presented in Table 6 suggest that the perceived benefits of storytelling on mathematical creativity include the usefulness of mathematics (item 3), inquisitive mindset (items 6 and 7), and imagination (item 8).



To contextualize the significant relationship between storytelling and mathematical creativity evident in the quantitative data, we present our findings from the qualitative data. First, the participants found storytelling useful to provide context and help them better relate to the use of mathematics. Below is a partial response that is representative of participants who support the use of storytelling to illustrate practical applications of mathematics in common life experiences:


Students always ask me why we learn mathematics and how it is related to their lives. I think storytelling is basically telling stories […] and these stories are based on people’s lived experiences. So, I think storytelling in math can help students see the story of our lives and how math connects with people and their lives.



(Excerpt 1-debate)







Second, the participants indicated that storytelling fosters an inquisitive mindset towards mathematical situations. As evident in Excerpt 2, the participants stated that students could develop interest and become motivated to explore mathematics thanks to storytelling about mathematicians, and the history and development of mathematical concepts.




Many textbooks these days include storytelling about how mathematical ideas were developed. Since the stories focus on why those math ideas were needed and how they are related to our real life, I think the stories make our students think more deeply about mathematics and change their views on mathematics. So some students probably have accepted mathematical formulas as given and learn mathematics very passively—but thanks to storytelling, the students now become more active learners because they believe they could develop mathematical ideas on their own, just like the mathematicians did in history. In this way, I believe storytelling promotes a sense of inquiry for students and helps them change their attitudes towards mathematics. I think this is one of the positive aspects of using storytelling in the mathematics classroom.



(Excerpt 2-debate)





Mathematical creativity and manipulatives. In the case of manipulative activities, the participants perceived benefits (Table 7) from using manipulatives in the areas of mathematical creativity, critical thinking (items 10 and 11), and originality (items 12 and 13).




4.2. Mathematical Creativity and Representation


In the case of mathematical creativity and representation activities, the participants showed confidence in some components of mathematical creativity (Table 8) such as contrarian thinking (item 18) and visualization (item 19).




4.3. The Effect of the Unit on Character Education


Character and classroom norms. In the case of classroom norms, the participants expressed a positive view of implementing classroom norms, seeing benefits (Table 9) such as mathematical confidence (items 20, 22, and 33), participation (items 23, 24, and 36), consideration (items 28 and 31), or grit (item 34).



Through the experience of developing classroom norms, some participants realized the importance of setting acceptable communication as the norm in building a positive classroom culture. In addition, the participants perceived that socio-mathematical norms could increase student participation in discussion.



Character and collaborative learning. In the case of character and collaboration (Table 10), the participants indicated that collaborative learning experiences had an impact on their sense of community (items 21, 25, and 37).



Character and multirater feedback. In the case of character and multiple assessments, the participants cultivated character components such as responsibility (item 29), justice (item 30), and honesty (item 32) as shown below in Table 11.



The above cognitive changes in participant perceptions about character seemed to be related to the interactive process and the participants’ reflections on the process of multirater feedback, as illustrated in the following excerpt:


[R]eflective learning experiences [through collaboration] are providing feedback to others and receiving feedback from others … and interactive social skills with others can improve students’ work ethic and responsibility. [Peer feedback] also helps students learn to evaluate their own and other people’s learning objectively and be sensitive to [different ways of thinking].



(Excerpt 9-group presentation)









5. Discussion and Implications


Our analysis of multiple sources of data indicates that our unit on creative character education was effective in developing preservice teachers’ perceptions of creativity and character education. It also confirmed that the participants’ changing perspectives towards the 6 practices actually reflected 8 of the 10 attributes of creativity and all of the 8 attributes of character education [7]. Further, the participants demonstrated a growing awareness of the potential opportunity and challenges of creative character education in mathematics. Specifically, the participants shaped a positive view towards the learning of mathematical content through storytelling, manipulatives, and representation activities in that the tool-mediated learning showed the potential to foster creativity in the mathematics classroom. The field of mathematics teacher education has begun to notice different needs of preservice teachers in each country facing various realities of social and cultural conditions [58]. For example, some U.S. mathematics teacher educators have a keen interest in training future teachers to provide equitable learning environments. Meanwhile, other mathematics teacher educators in Europe have produced a great deal of research on preparing future teachers for teaching mathematics with technology [59]. This study, grounded in the context of teaching mathematics in Korean classrooms, has identified the value of addressing both the content and process of mathematics and found that preservice teachers did develop an awareness and a positive conception towards character education in the learning of mathematics. As the participants engaged in communication with peers to explain and justify their thinking in collaborative tasks, they recognized the importance of mathematical confidence as an important mindset (see [60]) for the mathematics learner.



This study attended to the need for (future) mathematics educators in teacher education to recognize and develop an awareness of the importance of creative character education. Our findings can contribute to the efforts present in teacher education (see the discussion of the theory–practice divide in teacher education in [61]) to consider creative character education as part of the coursework and also to apply the acquired knowledge and skills into practice.



Our findings, including our model for introducing creativity and character education in mathematics as curriculum in teacher education, can provide insights for teacher educators in higher education as they design innovative curriculum for preservice mathematics teachers, especially those situated in the educational context of integrating creativity and character education with student learning.



With this in mind, some participants’ critical views towards storytelling and the use of manipulatives and representations as the way to promote creativity are important to reflect on. As for storytelling, some participants regarded the pedagogical strategy as a content strand to teach. It then makes sense why they worried about assessing student performance on storytelling. Some stated storytelling is not mathematics. These concerns are valid to a degree, but what was likely not communicated clearly to the preservice teachers in the study is the importance of using a strategy to invoke student curiosity and help them relate to mathematics. Storytelling may be an effective tool to achieve this, rather than a piece of knowledge or skill to master. We note that Islim, Ozudogru, and Sevim-Cirak [62] reported that preservice teachers responded positively to using digital stories in their future teaching when they had the experience of creating one with digital technological tools.



Questioning the value of inductive reasoning, some participants implied that mathematics is abstract and thus facilitated by deductive reasoning. These views point to the challenges and opportunities in mathematics teacher education in higher education: preservice teachers (see related research on college students in [63]) need support to transition from a traditional, closed view of mathematics pedagogy to the reformed mindset [4] in which teachers are responsible for providing students with an intellectually safe space and with meaningful opportunities to learn mathematics.




6. Limitations of the Study and Future Research


There were several limitations to the study. Our data only included perceptions and discourse of preservice teachers; it did not include an actual classroom consisting of a teacher and students as a unit of analysis. Furthermore, our participants were already highly committed to mathematics education, and our findings may not be applicable to the way future educators who are not as interested or confident in mathematics conceptualize creativity and cooperative learning. We recommend future studies on the implementation of our pedagogy in the mathematics classroom and further investigation into (1) the effect of students’ mathematical creativity and character building on their teaching practice in classroom contexts and (2) the way future educators in elementary schools or nonschool settings conceptualize mathematical creativity and character building. The classroom teachers’ engagement in implementing creative character education, not only in secondary classrooms but also in a wide range of teaching contexts, can further contribute to the development of effective pedagogy of creative character education. Additionally, although our unit was successful in shaping how preservice teachers came to understand creative character education in the mathematics classroom, our survey instrument did not capture a meaningful change in views relating to the use of manipulatives to foster student fluency or the use of technology to foster mathematical precision in student thinking. Therefore, we recommend that mathematics teacher educators add additional tasks that enable preservice teachers to use manipulatives and technology to increase students’ mathematical fluency and precision.



Presently, we need a line of work to develop advanced curriculum for teacher education that connects theory and practice, as well as professional development for teachers to implement creative character education in mathematics. Although our study frames creative character education through storytelling, the use of manipulatives and multiple representations, classroom norms, collaborative learning, and multirater feedback, we do not mean to argue that storytelling and the use of manipulatives and representations are the only teacher practices that promote student creativity, nor do we advocate that only certain teacher practices foster student character. We are hopeful that future research produces a variety of integrated teacher practices that afford students the opportunity to learn content, as well as experience a meaningful learning process, while adding to the literature that theorizes the values of creative character education in the mathematics classroom.
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Figure 1. Design of the creative character education program. 
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Table 1. Creativity subscales fostered by tool-mediated teaching practices [7].
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Creativity

	
Reference

	
Practice






	
Inquisitive mindset

	
Ahn, 2014 [17]

	




	
Son & Jeong, 2013 [18]




	
Usefulness

	
Kim et al., 2013 [19]

	
Storytelling




	
Imagination

	
Egan, 2001 [20]

	




	
Divergent thinking

	
Kwon, Park, & Park, 2006 [21]

	




	
Lee & Shim, 2007 [22]




	
Fluency

	
Lee & Shim, 2007 [22]

	
Use of manipulatives




	
Flexibility

	
Lee & Choi, 2013 [23]

	




	
Bolden et al., 2010 [24]




	
Kwon et al., 2006 [2]




	
Critical thinking

	
Dienes, 1960 [25]

	




	
Visualization

	
Lee & Lee, 2012 [26]

	




	
Contrarian thinking

Open-mindedness

	
Lee & Lee, 2012 [26]

	
Use of technology




	
NCTM, 2000 [4]




	
Convergent thinking

	
Shin & Lew, 1998 [27]
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Table 2. Character subscales fostered by process-based teaching practices [7].
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Character

	
Reference

	
Practice






	
Consideration

	
Lopez & Allal, 2007 [44]

	




	
Confidence

	
Seo & Ahn, 2003 [45]

	




	
Participation

	
Johnson & Johnson, 2005 [43]

	
Classroom norms




	
NCTM, 2000 [4]




	
Responsibility

	
Lopez & Allal, 2007 [44]

	




	
CCSSM, 2010 [3]




	
Sense of community

	
Johnson & Johnson, 2005 [43]

	
Collaborative learning




	
Seo & Ahn, 2003 [45]




	
Responsibility, honesty, justice

	
Choi & Jung, 2010 [46]

	
Multirater feedback




	
NCTM, 1995 [47]
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Table 3. Alignment of the creativity subscales utilized in the survey instrument (19 items).
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Mathematical Contents

	
Creativity

	
Items






	
Storytelling

	
1. Inquisitive mindset

	
1, 6, 7




	
2. Usefulness

	
3, 4




	
3. Imagination

	
8




	
Use of manipulatives

	
4. Originality

	
12, 13




	
5. Fluency

	
2, 15




	
6. Flexibility

	
16




	
7. Critical thinking

	
5, 10, 11, 14




	
Use of technology

	
8. Visualization

	
9, 19




	
9. Contrarian thinking

	
18




	
10. Precision

	
17
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Table 4. Alignment of the character subscales utilized in the survey instrument (21 items).
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Mathematical Processes

	
Character

	
Items






	
Classroom norms

	
1. Consideration

	
27, 28, 31




	
2. Confidence

	
20, 22, 33




	
3. Participation

	
23, 24, 36




	
4. Grit

	
34




	
Collaborative learning

	
5. Sense of community

	
21, 25, 37, 38, 39, 40




	
Multirater feedback

	
6. Responsibility

	
26, 29




	
7. Honesty

	
32, 35




	
8. Justice

	
30
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Table 5. Descriptions of the unit in the methods course.






Table 5. Descriptions of the unit in the methods course.









	Week
	Description





	1
	
	
Classroom norms



	
Review the literature on socio-mathematical norms



	
Watch video clips of classrooms implementing student-centered mathematics classroom norms



	
Debate socio-mathematical classroom norms



	
Create socio-mathematical classroom norms








	2—7
	
	
Storytelling



	
Review teaching materials that use storytelling to introduce number expansion, variables and equations, and Pythagorean theorem



	
Review exemplary storytelling curricular materials: calculus through the history of mathematics, mathematical modeling, and the story about a cultural artifact from a mathematical perspective (Neel, 2005)



	
Engage in writing activity to create storytelling



	
Debate the benefits and critiques for implementing storytelling in the math classroom








	8—10
	
	
Use of manipulatives—doing mathematics with manipulatives



	
Explore three-dimensional figures with the tool Zonodome



	
Game-based activities to play with the tower of Hanoi and Pentominoes



	
Debate about learning math with manipulatives








	11—13
	
	
Use of representations—engaging in math tasks to experience multiple mathematical representations



	
Explore graphs of functions with the Calculator-Based Ranger



	
Engage in representation activities using the Geometer’s Sketchpad



	
Participate in technology-based projects



	
Debate about implementing representation activities in the classroom








	14—16
	
	
Group presentations on creative character education; class reflections
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Table 6. Benefits of storytelling relative to mathematical creativity (CI = confidence interval, M = mean, SD = standard deviation, LL = lower limit, UL = upper limit, df = degrees of freedom).
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Statement

	
Pre

	
Post

	
95% CI

	
df

	
t

	
p




	
M(SD)

	
M(SD)

	
LL

	
UL






	
1. I enjoy mathematics.

	
0.75

	
0.75

	
−0.19

	
0.19

	
55

	
0

	
1.000




	
(0.84)

	
(0.84)




	
3. I think mathematics can help us in our daily life.

	
0.21

	
0.91

	
−0.54

	
−0.06

	
55

	
−2.55

	
0.014 *




	
(0.98)

	
(0.78)




	
4. I think mathematics helps to improve thinking skills.

	
1.63

	
1.73

	
−0.26

	
0.04

	
55

	
−1.43

	
0.159




	
(0.49)

	
(0.45)




	
6. I am inquisitive about mathematical situations around me.

	
−0.16

	
0.36

	
−0.75

	
−0.28

	
55

	
−4.44

	
0.000 **




	
(0.87)

	
(0.82)




	
7. I like to read more about mathematics.

	
0.36

	