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Research from the general field of creativity demonstrates that in the realm of problem-solving, breaks from the task at hand, known as incubation breaks, can improve idea generation and creative thinking. This study investigated whether a brief incubation break during a mathematical strategy generation task could improve elementary students’ ability to generate strategies and think more creatively. Over 200 elementary school students (grades 1–5) were asked to continuously generate mathematical strategies to solve the problem 36 – 18 for 10 min, with half randomly assigned to receive a 1-min incubation break after 5 min. Results showed that children assigned to the incubation break showed a statistically significantly higher number of strategies generated in the second block of the working period compared to students who received no break, but there were no differences in rated creativity of their strategies. Further exploratory analyses found that across grades, the number of strategies students could produce on average increased with each grade. However, when it came to the creativity of strategies, a linear trend emerged only from first through fourth grade, but fifth-grade students showed a drop in creativity.
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INTRODUCTION

The science of creativity has much to contribute toward our understanding of student thinking, particularly within mathematics. Creativity research and math education share interest in studying how students think flexibly about mathematical concepts, and how to foster creative mathematical thinking in the classroom. As a major goal of education is to foster flexible and transferable knowledge (Hatano and Inagaki, 1984; Fries et al., 2021), the development of creative thinking in mathematics is foundational (Mann, 2006), aligned with elements of the United States common core standards (CCSSM, 2010), supported by international educational goals and standards (Vincent-Lancrin et al., 2019), and is a powerful goal for fostering a positive relationship between students and mathematics (Gutiérrez, 2013). Hence, one way of supporting children’s math thinking is to bring tools and approaches from creativity to better understand how creative mathematical thinking develops and identify pedagogical instructions that support this development.

Researchers in the field of creativity posit that for something to be considered creative it must both demonstrate elements of novelty/originality, and have value/meaningfulness (Stein, 1953; Barron, 1955; Sternberg and Lubart, 1991; Runco and Jaeger, 2012). Though broad, this definition provides guidance on how educators can identify creativity within the mathematics classroom. One popular framework offered by Haylock (1987) argues that, to think creatively in mathematics, students must either find novel ways to solve new problems (an ability typically displayed by experts), or generate multiple strategies to solve an old problem (Haylock, 1987). Efforts to measure creative thinking in mathematics often ask students to generate multiple solutions to a given problem (see Leikin, 2009) which are counted up to calculate a measure of fluency, then scored based on originality indexes to capture creativity. This both reflects the originality component of creativity, which involves finding new and novel ways to approach a given problem, but also meaningfulness, as there is inherent value to the student when generating new ways to think about concepts and applying personal knowledge (Beghetto and Kaufman, 2007).

Measuring mathematical creativity through the generation of strategies provides a window into student reasoning (Alibali et al., 2009; Griffin and Jitendra, 2009; Xin et al., 2011). For example, many teachers endorse creative thinking in the classroom (Lev-Zamir and Leikin, 2011) and when teachers are asked to select classroom tasks that they believe will occasion mathematical creativity, they prioritize tasks that offer multiple strategy solutions (Levenson, 2021). As creativity has identified value in mathematics education (Daher, 2020), two questions then follow: How does the ability to generate multiple strategy solutions change across grade level? And how can we help students think more creatively in mathematics?

One factor that impacts students’ ability to think creatively is their content and domain knowledge (Baer and Garrett, 2010). Although higher grades are not guaranteed to equate to greater content knowledge, students gain experience with mathematical concepts across grade level and this content knowledge builds upon each other and improves the ability to think flexibly about mathematical concepts (Star et al., 2022). Hence, greater experience may boost mathematical creativity, as it provides more content to draw from when asked to generate new ways to solve a problem. Indeed, expertise and creativity are both hallmarked by semantic knowledge structures that are complex, integrated, and flexible (Lachner et al., 2012; Kenett and Faust, 2019). Although content knowledge is often viewed as a requirement for creative thinking, some research suggests that greater experience with mathematical concepts may interfere and limit students’ ability to think more flexibly and creatively. For example, McNeil (2014) found that older students who had more experience working with the equal sign struggled to think about equivalency in a more flexible way, as their previous experience interfered with their ability to learn a different aspect of the equal sign. This echoes findings from the general creativity field, which has found that knowledge can interfere with creativity, making it “increasing difficulty to see things in novel ways” (Sternberg and Kaufman, 2010, p. 474). A famous finding from past research is the “fourth grade slump” where students’ divergent thinking seemed to increase from first through third grade as they grew older, but then taper off at fourth grade (Torrance, 1968). Recent research, however, has failed to replicate this finding (e.g., Saggar et al., 2019), but the question of how grade-level predicts creative thinking, particularly in mathematics, remains understudied. Thus, research that explores the general patterns of mathematical creativity across grades is of great value and contributes to our understanding of mathematical creativity development across age.

A second factor that can affect mathematical creativity are opportunities for students to incubate. Incubation breaks, or a rest period where conscious attention shifts away from a problem, can lead people to produce more novel or additional ideas (Wallas, 1926). Central to many incubation theories is the idea that when people take a break from a stubborn problem, there is a weakening of activation of inappropriate solution concepts which reduces fixations (Smith and Blankenship, 1991; Schooler and Melcher, 1995). Also common is the hypothesis that during break periods unconscious problem-solving processes activate remote concepts (Yaniv and Meyer, 1987; Smith, 1995) or help to combine and reorganize information (Ritter and Dijksterhuis, 2014). Whichever the mechanism may be (see Sio, 2010 for a review), the pattern of incubation suggests that a break from continuous work may help to produce a great number of, and more creative ideas.

Although there has generally been support for the benefits of incubation, incubation experiments that systematically manipulate controlled breaks and continuous work conditions are largely contained to laboratory studies, and there is even less work studying incubation for mathematical thinking. For example, a meta-analysis conducted by Sio and Ormerod (2009) found a significant effect across incubation research, but out of the 37 studies used in the meta-analysis, only one used a math task, which was utilized to study how breaks can facilitate insight problem solving (Segal, 2004). Whether this benefit of incubation breaks also extends to strategy generation in math is an open question. If incubation periods can be used to help people both generate ideas and reach more creative ideas, then it may help students to think more creatively, helping them to generate more mathematical strategies and increase the creativity of these strategies. This begs an important question— can quick incubation breaks be used in school settings environments to boost math fluency and creativity when generating strategies? While previous research has used laboratory experiments to isolate mechanisms of incubation that lead to a boost in creative performance, our question is whether such findings, regardless of the exact mechanism, generalize to more authentic school settings.


The Current Study

The current study examines the creative strategy generation of children across elementary school grades 1–5. Our first research question asks if a brief incubation break enhances students’ ability to generate more strategies (fluency) and increase creativity compared to children who are not given an incubation break (but who are instead asked to keep coming up with strategies). As a second research question, we were interested in exploring the general patterns of fluency and creativity across grades, as no research to our knowledge has investigated this in elementary school.




METHOD


Participants

A total of N = 211 elementary school students participated in this study, including first graders (n = 53), second graders (n = 55), third graders (n = 25), fourth graders (n = 37), and fifth graders (n = 41). The sample included 112 female and 99 male students and was racial/ethnically diverse (n = 72 Caucasian/White, n = 84 Multiracial or Other, n = 29 Latino/Hispanic, n = 14 African American/Black, n = 12 Asian). The participating school uses a Cognitively Guided Instructional (CGI) method of instruction, which presents students with realistic problems and ask students to solve them in any manner they see fit. Teachers then present student-generated solutions to the class and lead a discussion about these solutions. The current study was approved through the participating university’s Institutional Review Board, and all children provided consent to participate. The sample size was not determined a priori, but rather we sought to collect as much data as logistically possible during the period of time allowed by the participating school.



Measures


Strategy Task

To measure strategy fluency and math creativity, each child was presented with the math problem “36 – 18” and asked to write down as many different ways to solve the problem as they could think for 10 min. This problem was selected as it is simple enough for first grade students to solve, but additionally the 2:1 ratio allows for students to identify this relationship and use it to generate more strategies. As creativity in mathematics draws upon the ability to find “new relationships between techniques and areas of application” (Tammadge, 1979, p. 151), we wanted to use a problem that allowed for students to think beyond subtraction, make connections to other areas of mathematics, and use this to generate additional strategies. Indeed, pilot testing showed this problem solicited more strategies from students compared to other subtraction problems without a ratio. A participating teacher predicted that students would use a range of strategies, including decomposition (break 36 apart into 10’s and 6 to subtract), counting forward (adding 1’s to 18 until 36), as well as the use of number lines and tallying. The total working time was divided into two blocks of 5 min each. These strategies were then counted for fluency and creativity (see section “Coding”).




Procedure

Children were independently tested outside their classroom with an experimenter and provided consent. Next, the experimenter presented the task and explained that the solution to the problem was 18, so rather than provide this solution, they should think of as many strategies as they could think to solve. Each participant acknowledged they understood and were given a paper booklet and instructed to write down their strategies. Children who were randomly assigned to the incubation condition generated strategies for 5 min, and then stopped to complete a maze worksheet for 1 min, before completing a second 5-min block. The maze worksheet was selected as it was a spatial task children of all grades could easily engage in, and past research has found that incubation tasks are more effective when the incubation tasks complement the experimental task (e.g., spatial incubation breaks for verbal tasks, Gilhooly et al., 2013). The worksheet contained six child mazes that ranged from easy to more difficult, and all participants spent the entirety of the break working on the mazes, as no child was able to complete all of them. Children who were in the continuous work condition completed the first 5-min block (henceforth block one), and then directly proceeded to a second 5-min block (henceforth block 2). These times were determined by pilot tests and logistical restraints on the time each child could be taken out of class for the study.


Coding

To begin, two independent raters (trained research assistants) reviewed a participating teacher’s document of all strategies students would have received instruction on to solve the problem used in the study. Afterward, they read through all student-generated strategies. To begin coding, the raters went through the first 20% of all strategies and coded whether or not each strategy was a mathematical and complete strategy. Strategies that were not mathematical in nature (e.g., “I could ask google”) or complete enough to understand the strategy were assigned a value of 0, all others received a code of 1. The two raters were found to agree on 97% of these strategies, indicating a high degree of agreement. After meeting to come to consensus on a few discrepant codes, the remaining 80% of the strategies were coded by one rater. These codes were summed to the participant level to create a fluency score for each student, reflecting the number of mathematical and complete strategies they could provide for each block. It is important to note that strategies were not evaluated for uniqueness among the student or sample—if it was complete and mathematical, it contributed to the students’ fluency score. After coding for fluency, the two raters coded for creativity.

One challenge of rating the creativity of our sample is that there are no originality indexes in mathematics that deal with the confounds of development, making it difficult to determine exactly which strategies may be considered original or novel to a first grade student, for example, compared to a fifth grade student. As we were interested in analyzing creative thinking across these grades, we adapted a snapshot scoring method of creativity (Silvia et al., 2009) which provides a holistic snapshot of creativity that uses both the number of strategies generated (fluency) and their originality among the whole sample to capture creativity. This is consistent with past research that recognizes the integral relationship and contribution of fluency and originality to creativity, as it encompasses both fluency and originality metrics in creativity scoring (see Leikin, 2009; Silvia et al., 2009; Dumas and Dunbar, 2014). Critically, adopting a holistic scoring approach means that students were assigned a creativity score for each block of strategies, rather than their individual mathematical strategies. To do this, the same two independent raters were instructed to consider how many strategies each student provided per block (fluency) if they seem unique or redundant and how original they were (originality) and give them a holistic score for each 5 min block that ranges from 1 (not at all creative) to 4 (very creative). Further, we did not assess strategies for appropriateness or efficiency, as what is efficient likely varies depending on the child (Verschafel et al., 2009), and across grade. Examples of blocks of student strategies that earned a high creativity and a low creativity rating can be found in Appendix A. Raters were blind to children’s grade and condition and encouraged to rate how creative the set of strategies are in comparison to all the other strategies provided.





RESULTS

Our first research question asks whether a brief incubation break resulted in an increase of fluency and creativity ratings. As students were nested within different teachers, we first examined the ICC for both block 2 fluency and creativity scores to determine if multilevel models were necessary (we only looked at block 2 because it came directly after our incubation manipulation). Approximately 8.7% of the variability in block 2 fluency scores and 25.8% of the variability in block 2 creativity scores was between teachers. Because of the low variability in block 2 fluency scores and because a multi-level model resulted in variance components of zero (suggesting random intercepts were unnecessary), an ANCOVA was used to analyze block 2 fluency scores. However, due to the high amount of variability between teachers for creativity scores, we ran random-intercepts models for block 2 creativity scores. All code and data can be found at https://osf.io/fwh6g/?view_only=9ebd31d2d8074ef9a665b3a2463102db. Descriptive statistics are presented in Table 1.


TABLE 1. Descriptive statistics of fluency and creativity across grade.
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Effects of Incubation Condition on Fluency and Creativity

To ensure successful random assignment, we first confirmed there were no statistically significant differences between block 1 fluency between the two conditions (p = 0.52), although children with higher levels of fluency in block 1 also had higher levels of fluency in block 2 (r(209) = 0.48, p < 0.001, 95% CI [0.37, −0.58]). To test the effect of incubation on fluency, we ran an ANCOVA with incubation condition predicting block 2 fluency while covarying block 1 fluency. We found that children in the incubation condition had higher levels of fluency in block 2 than children in control condition, over and above block 1 fluency [F(1,208) = 4.51, p = 0.035, η2 = 0.02], and even when controlling for grade level [F(1,207) = 4.50, p = 0.035, η2 = 0.02], suggesting an effect of incubation on fluency. Altogether, this suggests that even brief incubation breaks can successfully promote fluency among children (although the effect size η2 = 0.02 is very small).

Similar to fluency, we found no differences in block 1 creativity between conditions (p = 0.20). To determine whether there was an effect of incubation on creativity, we ran a two-level random-intercepts model predicting block 2 creativity from incubation condition while controlling for block 1 creativity. We found that, over and above block 1 creativity, there were no differences between conditions for creativity in block 2 (γ = −0.06, SE = 0.07, p = 0.401). Interestingly, children with higher levels of creativity in block 1 also had higher levels in block 2 (γ = 0.51, SE = 0.09, p < 0.001, R2 = 0.07). When we added block 1 fluency as an additional covariate, it was not significant in predicting block 2 creativity (γ = 0.04, SE = 0.02, p = 0.062) suggesting that initial creativity predicts later creativity even after accounting for initial fluency. When we added grade to the model, we found a significant effect of grade on block 2 creativity (γ = 0.12, SE = 0.03, p = 0.013, R2 = 0.12) suggesting that older children show more creativity in their solutions.



Fluency and Creativity Across Grades

Our second research question sought to explore how a student’s grade related to their strategy fluency and creativity. Overall, we found a linear trend such that with every increased grade level, the expected change in the number of strategies provided increases by approximately 0.7 (b = 0.66, SE = 0.07, p < 0.001, 95% CI [0.52, 0.80]; See Figure 1). In terms of creativity ratings across grades, we found a similar linear trend from first through fourth grade, but then a statistically significant decrease of about 0.2 units from fourth grade to fifth grade (b = −0.24, SE = 0.09, p = 0.008, 95% CI [−0.42, −0.06]).


[image: image]

FIGURE 1. Average fluency and creativity in block 1 across grade. Error bars represent ±1 standard error.





DISCUSSION

This study takes a first step toward understanding how brief breaks may be utilized in classrooms to improve students’ ability to generate strategies to solve math problems and increase their creative thinking. Over two-hundred elementary school children generated as many strategies to solve a simple arithmetic problem as they could think of for 5 min. After this initial working period, students randomly received either a 1-min incubation break where they solved mazes or continued straight into the second 5-min working period. We found that giving students a brief break, on average, produced a small, but statistically significant increase in the number of mathematical strategies in the second working period. However, we found no statistically significant differences in the rated creativity of these strategies between conditions.

Why might students who were given a brief break produce more strategies after the break? One simple explanation is that these children used the break to think of more strategies. This explanation is not unreasonable, but past research has found that such conscious work periods can hinder idea generation (e.g., Dijksterhuis and Meurs, 2006), as it can creates more opportunities for fixations on a single idea or strategy. It is also the case that during the break period, children were occupied with solving a mazes that required effortful thinking, making it difficult to also think of new strategies at the same time. A second possible explanation is that children benefited from a brief period of rest, and such incubation breaks have been found to help people forget fixating cues (Smith and Blankenship, 1991; Smith, 1995), polarize and organize information (Ritter and Dijksterhuis, 2014), and active more relevant semantic information that is useful in problem solving (Sio and Rudowicz, 2007). Certainly, more research is needed to pinpoint the exact mechanism responsible, but this study takes a first step by demonstrating that even a small break may benefit students’ thinking in mathematics.

Despite increases in fluency after the break period, students’ rated creativity of their strategies after the break was not rated as more creative compared to students who did not receive a break. Why might an incubation break benefit fluency, but not creativity? One reason could be that we simply didn’t give students a long enough break, or exhaust all of their ideas, requiring them to invent new strategies. Creativity requires higher-order cognitive processes, such as working memory and intelligence (Lee and Therriault, 2013), and while the incubation break may have allowed students to more easily access and retrieve information from memory, creative thinking goes beyond retrieval-based strategies and requires more effort through several systems of cognition (Cassotti et al., 2016). This is not to say that incubation breaks cannot boost creativity, as much research has found this to be true (see Sio and Ormerod, 2009), but the conditions to facilitate creativity may be stricter than the conditions to facilitate fluency. It could also be that students at this school are naturally higher in mathematical creativity because of the CGI nature of the school (further addressed in the section “Limitations and Future Directions”), making it difficult to detect differences between the two conditions.

A second goal research question asked how strategy fluency and creativity changed as a function of grade level. We found a linear pattern across grades, such that with every increasing grade level, students were, on average, able to provide more strategies than the grade below them. This corroborates past research that underscores the importance of prior knowledge and content in mathematics for building fluency (National Council of Teachers of Mathematics [NCTM], 2014). Concerning creativity, there was a steady increase in creativity scores from first through fourth grade, however, fifth grade students were found to have significantly lower creativity scores compared to fourth graders (similar to a third-grade level). Thus, while some research in the past has identified a fourth-grade slump (Torrance, 1968), and others failed to replicate this (Saggar et al., 2019), we found that fourth grader students demonstrated the highest creativity of all. Perhaps more interesting than why fourth graders were the most creative is why fifth graders dropped to creativity levels. Older students may have greater knowledge of strategies (evident by higher fluency), and they may have needed more time to get through their arsenal of strategies to think more creatively. If this is the case, then one interesting follow-up is to examine whether greater increases in background knowledge require longer incubation time. Finally, this difference may also be due to classroom instruction practices, as post hoc conversations with a teacher from this school noted that students began to shift toward a curriculum focused on algorithms rather than multiple solutions starting in fifth grade. It is unclear how shifts in curriculum toward more convergent ways of thinking (e.g., focusing on one or two strategies) may be responsible for undoing or affecting previous experience with more divergent ways of thinking (e.g., curriculum focused on multiple solutions). But as changes in curriculum instruction and classroom activities can improve students’ ability to think flexibly about mathematics in the classroom (e.g., Rittle-Johnson and Star, 2009), an important consideration for future work is whether they can also decrease flexible and creative thinking.


Limitations and Future Directions

Due to practical constraints, we were only granted a limited time to test each participant, resulting in a 1-min incubation period for our manipulation. This is on the shorter end for most incubation manipulations, and we encourage future research in this area to provide longer incubation breaks. A second limitation is that this study is that students sampled come from a CGI school, and because of the focus on various strategies, this may limit generalizability of findings. Finally, this study was not preregistered ahead of time, limiting its ability to confirm and generalize the models used in analyses. Future research would do well to preregister studies in this line of work to conduct confirmatory analyses.




CONCLUSION

This study offers preliminary evidence that even a brief break may boost student’s ability to generate math strategies, but to increase math creativity, brief breaks are not enough. Although creativity is complex and often difficult to increase with quick interventions, there is still much to learn about the contexts and conditions in which creative manipulations can boost creativity in the classroom. Further, we found strategy fluency in arithmetic follows a positive, linear trend across the elementary years, but this trend is not as straight forward when it comes to creativity. We hope this work inspires additional insights into how research from the field of creativity research can be tested and used to support creativity in the classroom.
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APPENDIX A

Example strategies from a fifth-grade student rated with high creativity.
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Example strategies from a fifth-grade student rated with low creativity.

[image: image]



OPS/images/feduc-07-835911-ug002.jpg





OPS/images/feduc-07-835911-ug001.jpg





OPS/images/feduc-07-835911-t001.jpg
Block 1 fluency

Block 2 fluency

Grade n Mean SD Median Min Max n Mean SD Median Min Max
1 53 2.87 1.5 3 0 7 53 2.19 1.4 2 0 5
2 b8 3.76 1.3 4 1 8 55 2.49 1.6 2 0 8
3 25 4.44 1.6 4 1 8 25 3.24 1.4 < 1 T
4 37 5.14 1.9 5 3 10 37 3.03 1.7 3 0 8
5 41 5.46 1.7 B 2 9 41 3.46 1.5 4 0 7
Block 1 average creativity Block 2 average creativity
Grade n Mean SD Median Min Max n Mean SD Median Min Max
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2 55 1.86 0.3 2 1 25 52 1.82 0.5 1 3
3 25 2.4 0.3 2 1.5 25 25 2.06 0.5 2 il 3
4 37 2.34 0.3 2.5 1.8 3 36 2.26 0.6 1 35
L 41 2.1 0.5 2 1 3 40 2.36 0.6 25 1 3.5

Difference in n from fluency scores to creativity scores are due to students who did not provide any strategies, creating a fluency score of O but no creativity score.
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