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Introduction: Mathematical creativity refers to personal ability to propose 
novel and original solutions or ideas in the process of solving mathematical 
problems. Many studies have confirmed that flow experiences can affect 
personal creativity, but few have focused on the influence of flow experiences 
in mathematics learning on mathematical creativity. This study explores the 
influence of Chinese primary school students’ flow experience in mathematics 
class on their mathematical creativity.

Methods: This study adopted a convergent method in mixed research, 
participants were 273 sixth grade students from a public primary school in 
central China. For quantitative research, this study collected data by using 
the Mathematics Flow State Scale and the Mathematical Creativity Scale, and 
then conducted descriptive statistics, independent sample t-test, and linear 
regression analysis. For qualitative research, this study selected six students to 
solve two open-ended mathematical problems and conducted a comparative 
analysis for their performance.

Results and discussion: The results of quantitative research showed that flow 
experience could positively predict mathematical creativity of primary school 
students. The qualitative research results showed that students with higher levels 
of flow experience in mathematics class exhibited better creativity in solving 
open-ended mathematical problems. Finally, the research results were discussed, 
and suggestions were made on how to effectively utilize flow experience theory 
in mathematics class to cultivate students’ mathematical creativity.
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1 Introduction

The cultivation of innovative consciousness is one of the important goals of modern 
mathematics education. Cultivating mathematical creativity of students is a common concern 
in mathematics education all over the world (Hidajat et al., 2023). Mathematical creativity can 
enhance students’ problem-solving abilities. When solving open-ended and real-life 
mathematical problems, students with high mathematical creativity can discover new 
connections between mathematical knowledge and design unique solutions (Shaw et al., 2022). 
By creatively solving mathematical problems, students will have a deeper understanding of 
mathematical concepts. This understanding enables students to apply mathematical knowledge 
in different environments and helps them tackle complex challenges in the future (Newton 
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et al., 2022). However, in China, many mathematics teachers often 
focus on students’ mastery of knowledge and neglect the cultivation 
of mathematical creativity (Zhong, 2024). Therefore, in the Chinese 
educational environment, how to cultivate and enhance students’ 
mathematical creativity in mathematics class is still an area that needs 
further exploration.

Flow experience is an important concept in positive psychology, 
it is an important human subjective emotional experience (Hart, 
2020). The investigation of students’ flow experience in mathematics 
class can help educators understand students’ mathematics learning 
process and results from students’ emotions, so as to improve students’ 
flow experience in mathematics class and promote students’ 
mathematical performance through teaching adjustment 
(Abduljabbar, 2023). However, there is still lack of systematic research 
on mathematical flow experience and its influence on mathematical 
learning among Chinese students (Zhang, 2020).

Although flow experience has been widely studied in the field of 
psychology, research on its influence on creativity is currently mostly 
focused on fields such as music and art (Gray et al., 2019; Harmat 
et  al., 2021; Tan and Sin, 2021; Łucznik et  al., 2021). There is 
insufficient research on the influence of flow experience on 
mathematical creativity. Especially among Chinese primary school 
students, there is no research on the relationship between flow 
experiences and mathematical creativity. Therefore, a study on the 
influence of Chinese primary school students’ flow experience in 
mathematics class on their mathematical creativity is conducted, 
aiming to answer the following questions:

 1. What is the level of flow experience in mathematics class 
among primary school students in China?

 2. What is the level of mathematical creativity in mathematics 
class among primary school students in China?

 3. Does flow experience influence mathematical creativity among 
primary school students?

2 Literature review

2.1 Flow experience

Flow experience refers to the psychological state in which an 
individual is fully engaged during the process of participating in an 
activity, in which participants will experience satisfaction and pleasure 
(Van Der Linden et al., 2021). Through flow experience, students will 
have a deeper understanding of the learning content and gain a sense 
of achievement in their studies (Özhan and Kocadere, 2020). In 
mathematics learning, students’ complete immersion in learning 
tasks, or students’ complete involvement in solving mathematical 
problems, usually means that students have a flow experience in 
learning (Barthelmäs and Keller, 2021).

Flow experience is an important aspect that students especially 
need in the learning process. Through flow experience, students will 
have a deeper understanding of the learning content and achieve a 
sense of achievement in learning (Özhan and Kocadere, 2020). As an 
emotional factor, flow experience has an effect on students’ anxiety 
and achievement in learning, and is related to learning motivation and 
self-efficacy (Tian and Ou, 2023). Golnabi (2017) pointed out that the 
flow experience in mathematics learning has an important impact on 

the development of students’ mathematical ability, and the tendency 
of flow experience is related to students’ own personality. This means 
that students who have a flow experience in mathematics learning will 
actively participate in mathematics activities, and they will ignore 
their learning place and time, which greatly reduces the occurrence of 
students’ lazy behavior (Yuwanto, 2018). Ljubin-Golub et al. (2018) 
stated that students who experience flow will have more engagement 
in classroom learning, resulting in excellent learning performance. 
Herawati et al. (2020) pointed out that factors such as students’ flow 
experience, learning interest, and learning ability in mathematics 
learning can affect their mathematical performance. Nurita et  al. 
(2022) pointed out that students’ flow experience in the mathematics 
classroom will give them greater motivation for mathematics learning. 
It can be seen that flow experience has an important influence on 
students’ math learning, and can help students perform better in 
mathematics learning.

2.2 Mathematical creativity

Regarding creativity, some researchers pointed out that creativity 
is a universally applicable ability in various fields, as the creative 
process in different fields is similar. However, some researchers stated 
that creativity is always related to specific fields (such as mathematics, 
science, etc.), and therefore requires a certain degree of knowledge or 
professional knowledge within specific content areas (Kaufman et al., 
2017). Kounios and Beeman (2015) pointed out that creativity is the 
ability of people to break things down and recombine them in new 
ways to achieve certain goals and reinterpret things. Creativity can 
help people generate new ideas that are presented in a fluent, flexible, 
and innovative manner, ultimately leading to the generation of new 
products (Paulus, 2000; Adams, 2005). Mathematical creativity is the 
creativity within the category of mathematics. Mathematics learning 
requires students to discover problems, prove and summarize 
conclusions. In this process, students will generate new ideas, new 
processes, and original solutions (Sriraman, 2009). Sriraman et al. 
(2013) stated that mathematical creativity as the process of proposing 
new solutions or ideas to mathematical or new problems. Karwowski 
et  al. (2016) pointed out that mathematical creativity as the 
characteristics of creativity, openness, and independence exhibited by 
students when solving problems, which is related to general creativity. 
In short, mathematical creativity is a special field of creativity, and the 
connotation of mathematical creativity include creativity and 
mathematical characteristics. Therefore, the fluency, flexibility, and 
originality of students in solving mathematical problems can be used 
as indicators to evaluate their mathematical creativity.

2.3 The theoretical framework

Csikszentmihalyi (2020) pointed out that the flow experience can 
be divided into nine components, namely: balance between challenge 
and skill, merging of action and awareness, clear goals, unambiguous 
feedback, centering of attention, sense of control, loss of self-
awareness, time transformation and autotelic nature. These nine 
components of flow experience can be divided into three types. The 
first type of components is the prerequisites for flow, including balance 
between challenge and skill, clear goals, and unambiguous feedback 
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(Conradty et  al., 2020). The second type of components is the 
characteristics of the occurrence of flow experiences, which can only 
be achieved when individuals focus on what they are doing to generate 
flow experiences (Subaşı, 2020). Centering of attention is necessary to 
maintain flow experience. In addition, due to Concentrated attention, 
action and consciousness need to be  combined. At this time, 
individuals may lose self-awareness or develop a sense of control over 
their behavior, and their concept of time may also be  distorted 
(Csikszentmihalyi, 2020). The third type of flow experience 
component refers to the results brought about by flow experience, and 
individuals who have experienced flow experience may experience 
autotelic nature. This indicates that ongoing activities can generate a 
sense of satisfaction for individuals, which can have a reinforcing 
effect on their behavior (Conradty et al., 2020).

Therefore, based on the flow theory, the theoretical framework of 
this study was shown in Figure 1. When the challenge of activity and 
students’ own skills reach a balance, under the guidance of teachers’ 
clear goals and timely feedback, students will get clear goals and timely 
feedback of this mathematics activity. After meeting the conditions for 
the occurrence of flow experience, students enter the process of flow 
experience, experience the concentration, loss of self-awareness, 
integration of action and consciousness, the feeling of control and 
time transformation. Finally, students will have the pleasant (autotelic) 
emotions, which will affect students’ mathematical creativity.

3 Methods

3.1 Sample

Based on the research questions, this study used the mixed-
method. By collecting qualitative and quantitative data, this could 
better understand the influence of flow experience on mathematical 
creativity of primary school students. This study adopted a convergent 
research method in mixed research. The convergent research is a 

single-stage design that collects both quantitative and qualitative data 
at the same stage, then merge the two results for in-depth comparison 
and analysis (Chali et al., 2022).

Considering cognitive level, reading ability, and comprehension 
ability of primary school students, this study was conducted among 
sixth grade students. A total of 285 students from six classes in sixth 
grade were invited to participate in a quantitative survey. As shown in 
Table  1, 273 valid scales were ultimately collected in this study, 
including 141 male students (51.65%) and 132 female students 
(48.35%).

In order to compare the performance of students with different 
levels of flow experience in solving open-ended mathematical 
problems, the qualitative survey adopted stratified sampling (Lohr, 
2021). This study categorizes sixth grade students into three categories 
based on their self-reported of flow experience in mathematics class: 
high flow experience, moderate flow experience, and low flow 
experience. Selected one male and one female student from each 
category, and a total of six students participated in the 
qualitative survey.

3.2 Instrument

3.2.1 Mathematics flow state scale
The flow experience in mathematics class was measured using the 

Mathematics Flow State Scale developed by Zhang (2020) for Chinese 
primary school students. This scale measured the level of flow 

FIGURE 1

Theoretical framework.

TABLE 1 Sample distribution by gender.

Gender N %

Male 141 51.65

Female 132 48.35

Total 273 100
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experience of students in mathematics learning, including 8 
dimensions: balance between skills and challenges (Such as: 6. My 
math abilities matched the high challenge of the situation in math 
activity.); clear goals (Such as: 8. When in math task I knew clearly 
what I wanted to do during math classroom.); unambiguous feedback 
(Such as: 2. It was really clear to me that I was doing well in math 
classroom.); merging of action and awareness (Such as: 1. I usually 
made the correct movements without thinking about trying to do so 
in math classroom.); centering of attention (Such as: 3. My attention 
usually was focused entirely on the math activities that I was doing.); 
sense of control (Such as: 10. I felt like I could control what I was doing 
in math activities during math class.); loss of self-awareness (Such as: 
4. I was not concerned with what others may have been thinking of 
me in math activities.); and autotelic nature (Such as: 5. I  really 
enjoyed the experience from math class.). Rating ranged from 1 
(strongly disagree) to 5 (strongly agree). The higher the score, the 
higher the level of student’s flow experience. Internal consistency 
reliability (Cronbach’s alpha) of the Mathematics Flow State Scale was 
reasonably high at 0.898.

3.2.2 Mathematical creativity scale
This study used the Mathematical Creativity Scale developed by 

Wei (2023) for Chinese students. This scale includes four dimensions, 
namely: consciousness of problem exploration (Such as: 1. I enjoy 

discovering and posing mathematical problems); ability of problem 
exploration (Such as: 7. I can summarize the mathematical concepts 
to be  discussed in the textbook from mathematical problems/
activities); ability of open-ended problems solution (Such as: 14. 
I  often understand mathematical problems from different 
perspectives.); and formation of mathematical thinking (Such as: 22. 
I often think about whether the teacher’s teaching methods are suitable 
for myself). The ratings range from 1 (strongly disagree) to 5 (strongly 
agree). The higher the score, the higher the level of student’s 
mathematical creativity. Internal consistency reliability of the 
Mathematical Creativity Scale was reasonably high at 0.932.

3.2.3 Open-ended mathematical problems
This study designed two open-ended mathematical problems, 

namely: number classification and problem generation (As shown in 
Figures 2, 3). This study invited two sixth grade math teachers with 
ten years of teaching experience to evaluate these two mathematical 
problems. Both teachers considered that the content of the problems 
was consistent with the research objective and that sixth grade 
students were able to complete them independently. This study 
evaluated the answers given by students in terms of fluency, flexibility, 
and originality. The evaluation of creativity fluency was determined 
based on the number of correct answers given by the students. For 
example, one correct answer counted as 1 point. Flexibility was 

FIGURE 2

Number classification.

FIGURE 3

Problem generation.
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determined by the number of methods or types of correct answers 
given by students. For example, if a student’s answer could be divided 
into 7 types, then the flexibility score was 7 points. Originality was 
measured by the degree to which the participant’s correct answer was 
repeated with that of other participants. If the participant’s answer did 
not repeat anyone’s answer, it indicated originality and could earn 
1 point.

3.2.4 Semi-structured interview
After answering the questions, this study conducted semi-

structured interviews with six participants, asking them to report their 
feelings during the process of answering the questions. Interview 
questions include: “Did you experience the following feeling when 
solving the mathematical problems just now? For example, your 
attention was highly focused; Not caring about others’ evaluations of 
your performance; Being able to adjust your behavior to better 
complete the task; You did not need to think too much to give the 
answer; Your perception of the passage of time did not match the 
actual situation.” and “If you did not experience the above, please 
describe how you felt when completing the problems.” The interview 
questions were evaluated by two sixth grade math teachers, and both 
teachers stated that the interview questions were consistent with the 
research objective and could be used for subsequent research.

3.3 Procedure

This study was approved by the Ethics Committee of SEGi 
University. All students participating in the study were voluntary and 
provided informed consent forms to their parents. In quantitative 
research, students filled out survey questionnaires on a class by class 
basis and submitted anonymously. In qualitative study, six students 
were asked to complete two open-ended mathematical problems 
within 30 min. Subsequently, interviews were conducted with each 
student for approximately 10 min. Finally, by comparing and 
synthesizing quantitative and qualitative results, the influence of 
primary school students’ flow experience on their mathematical 
creativity can be deeply understood.

3.4 Data analysis

This study used SPSS 26.0 software for quantitative analysis, 
including descriptive analysis, independent sample t-test, and linear 
regression analysis. Descriptive statistics can provide analysis results 
such as mean and standard deviation, thereby obtaining the overall 
and dimensional objective situation of variables (Mishra et al., 2019). 
Independent sample t-test can compare the means of two independent 
groups (such as different genders) to determine whether there is a 
statistically significant difference between them (Manfei et al., 2017). 
Linear regression models and quantifies the relationship between the 
dependent variable and the independent variable by fitting a linear 
equation to observed data. It is used to predict the value of the 
dependent variable based on the value of the independent variable and 
explain how changes in the independent variable are related to 
changes in the dependent variable (James et al., 2023).

This study used comparative analysis method for qualitative 
analysis. The role of comparative analysis method in qualitative 

research is to provide a structured, systematic, and rigorous approach 
to compare different cases, revealing complex causal patterns and 
generating explanatory insights that combine the depth of qualitative 
data with the clarity of comparative logic (Cragun et al., 2016). This 
study encoded boy and girl with high flow experience as SHB and 
SHG; Encoded boy and girl with moderate flow experience as SMB 
and SMG; Encoded boy and girl with low flow experiences as SLB and 
SLG. For the answers given by students, the researcher and two 
experienced math teachers jointly evaluated them to prevent any bias 
in the evaluation. This study recorded and transcribed the interview 
content of students into text, and provided feedback on the text to 
students for review, ensuring that it matched the meaning they want 
to express.

4 Results

4.1 Quantitative results analysis

The Cronbach’s alpha of Mathematics Flow State Scale was 0.964 
and the Cronbach’s alpha of Mathematical Creativity Scale was 0.965. 
This indicated that both scales had good internal consistency in the 
formal research sample. The absolute skewness of all items was 
between 0.07–0.538, and the absolute kurtosis was between 0.291–
0.962, indicating that the sample data conformed to a normal 
distribution (Kline, 2023).

Table  2 showed the flow experience level of primary school 
students in mathematics class. The mean of flow experience among 
primary school students in mathematics class was slightly higher 
than 3 points, which was at a moderate level. Among the 8 
dimensions of flow experience, merging of action and awareness had 
the highest mean value, while unambiguous feedback had the lowest 
mean value.

The differences in flow experience between genders in primary 
school students were illustrated in Table 3. The results showed that the 
mean of flow experience in males was higher than that in females, and 
there was a significant difference between the two (p < 0.05).

As can be seen in Table 4, the mean of mathematical creativity 
among primary school students in mathematics class was 3.19, also 
at a moderate level. Among the 4 dimensions of mathematical 
creativity, consciousness of problem exploration had the highest 

TABLE 2 Descriptive statistics for flow experience and dimensions 
(n = 273).

Variable Mean SD

Flow experience 3.15 0.81

Balance between skills and challenges 3.15 0.94

Clear goals 3.12 0.88

Unambiguous feedback 3.11 0.90

Merging of action and awareness 3.23 1.01

Centering of attention 3.06 0.88

Sense of control 3.12 0.87

Loss of self-awareness 3.16 0.92

Autotelic nature 3.21 0.87
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mean value, while ability of problem exploration had the lowest 
mean value.

As shown in the results in Table 5, the mean of mathematical 
creativity in boys was higher than that in girls, and there was also a 
significant difference between the two (p < 0.05).

Table  6 manifested the influence of flow experience on 
mathematical creativity among primary school students. The results 
showed that F = 230.75, p < 0.05. The linear regression coefficients 
R = 0.678, R2 = 0.460, and the adjusted R2 = 0.458 this indicated that 
the flow experience could significantly positively predict mathematical 
creativity among primary school students.

4.2 Qualitative results analysis

The answers given by SHB to the open-ended mathematical 
problems were shown in Figure  4. For numerical classification 
problem, the fluency score of SHB was 16 points (Such as: 1. 3, 5, 9, 
13, 25, 39 and 49 are all odd numbers), flexibility score was 10 points 
(Such as: Classify numbers from the perspective of prime numbers 
was: 2. 2, 3, 5 and 13 are all prime numbers), and originality score was 
8 points (Such as: 10. The reciprocals of 2, 5, 10 and 25 are all finite 
decimals). For problem generation problem, the fluency score of SHB 
was 20 points (Such as: 1. What is the profit for each lily flower?), 
flexibility score was 9 points (Such as: The math problem proposed 
from the perspective of adding or subtracting between different unit 

prices was: 10. How much is the selling price of each lily more 
expensive than each rose?), and originality score was 8 points (Such 
as: 3. What is the interest rate for each lily?).

Figure 5 illustrated the answers given by SHG to the open-
ended mathematical problems were shown in. For numerical 
classification problem, the fluency score of SHG was 14 points 
(Such as: 3. 9, 10, 12, 25, 39 and 49 are all composite numbers), 
flexibility score was 6 points (Such as: Classify numbers from the 
perspective of odd numbers was: 1. 3, 5, 9, 13, 25, 39 and 49 are 
all odd numbers), and originality score was 6 points (Such as: 4. 
The rightmost digit on both 2 and 12 is 2). For problem generation 
problem, the fluency score of SHG was 12 points (Such as: 1. How 

TABLE 5 Independent t-test between different genders.

Gender Levene’s test for 
equality of 
variances

t-test for equality of means

Mean F Sig. t df Sig. (2-tailed) Mean 
difference

Std. error 
difference

Male (141) 3.30 0.37 0.568 2.404 271 0.017 0.227 0.09

Female (132) 3.07 2.406 270 0.017 0.227 0.09

TABLE 6 Linear regression on mathematical creativity.

Model R R square Adjusted R 
square

Std. error 
of the 

estimate

0.678 0.460 0.458 0.580

ANOVA Sum of 
squares

df Mean 
square

F Sig.

Regression 77.528 1 77.528 230.75 0.000

Residual 91.052 271 0.336

Total 168.58 272

TABLE 3 Independent t-test between different genders.

Gender Levene’s test for 
equality of 
variances

t-test for equality of means

Mean F Sig. t df Sig. (2-tailed) Mean 
difference

Std. error 
difference

Male (141) 3.30 0.03 0.862 3.371 271 0.001 0.325 0.96

Female (132) 2.98 3.372 270 0.001 0.325 0.96

TABLE 4 Descriptive statistics for mathematical creativity and dimensions (n = 273).

Variable Mean SD

Mathematical creativity 3.19 0.79

Consciousness of problem exploration 3.28 0.87

Ability of problem exploration 3.14 0.83

Ability of open-ended problems solution 3.17 0.78

Formation of mathematical thinking 3.19 0.85
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much is the selling price of each lily more expensive than each 
rose?), flexibility score was 5 points (Such as: math problems 
proposed from the perspective of unit price were: 7. What is the 
purchase price of each lily? 9. What is the purchase price of each 
rose?), and originality score was 0 points.

As can be seen in Figure 6, for numerical classification problem, 
the fluency score of SMB was 7 points (Such as: 4. 3, 9, 12 and 39 are 
all multiples of 3), flexibility score was 5 points (Such as: Classify 
numbers from the perspective of prime numbers was: 2. 2, 3, 5 and 13 
are all prime numbers), and originality score was 1 points (7. 2, 3, 5, 
9, 10, 12, 13, 25, 39 and 49 are all natural numbers). For problem 
generation problem, the fluency score of SMB was 8 points (Such as: 
1. What is the selling price of a bouquet of lilies?), flexibility score was 
3 points (Such as: Math problems proposed from the perspective of 
total price were: 1. What is the selling price of a bouquet of lilies? 5. 

What is the selling price of a bouquet of roses?), and originality score 
was 0 points.

As shown in the results in Figure 7, for numerical classification 
problem, the fluency score of SMG was 6 points (Such as: 1. 2, 3, 5 
and 13 are all prime numbers), flexibility score was 4 points (Such 
as: Classify numbers from the perspective of multiples were: 3. 2, 10 
and 12 are all multiples of 2; 4. 3, 9, 12 and 39 are all multiples of 3; 
6. 5, 10 and 25 are all multiples of 5), and originality score was 0 
points. For problem generation problem, the fluency score of SMG 
was 1 points (How many more roses do each bouquet have than 
each bouquet of lilies?), flexibility score was 1 points (the math 
problem proposed from the perspective of adding and subtracting 
the number of flowers was: How many more roses do each bouquet 
have than each bouquet of lilies?), and originality score was 
0 points.

FIGURE 4

The answers of SHB to open-ended mathematical problems.
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FIGURE 5

The answers of SHG to open-ended mathematical problems.

The answers given by SLB to the open-ended mathematical 
problems were manifested in Figure 8. For numerical classification 
problem, the fluency score of SLB was 0 points, flexibility score was 0 
points, and originality score was 0 points. For problem generation 
problem, the fluency score of SLB was 2 points (1. What is the selling 
price of each bouquet of lilies as a percentage of the purchase price? 2. 
How much is the selling price of each bouquet of roses higher than the 
purchase price?), flexibility score was 2 points (the math problem 
proposed from the perspective of price percentages was: 1. What is the 
selling price of each bouquet of lilies as a percentage of the purchase 
price? The math problem proposed from the perspective of adding or 

subtracting between different total prices was: 2. How much is the 
selling price of each bouquet of roses higher than the purchase price?), 
and originality score was 2 points (1. What is the selling price of each 
bouquet of lilies as a percentage of the purchase price? 2. How much 
is the selling price of each bouquet of roses higher than the 
purchase price?).

As illustrated in Figure 9, for numerical classification problem, 
the fluency score of SLG was 1 points (3, 9, 12 and 39 are all 
multiples of 3), flexibility score was 1 points (Classify numbers 
from the perspective of multiples was: 3, 9, 12 and 39 are all 
multiples of 3), and originality score was 0 points. For problem 
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generation problem, the fluency score of SHB was 2 points (1. 
How much is the purchase price of each lily more expensive than 
each rose? 2. How much is the selling price of a bouquet of roses 
cheaper than a bouquet of lilies?), flexibility score was 2 points 
(the math problem proposed from the perspective of adding or 
subtracting between different unit prices was: 1. How much is the 
purchase price of each lily more expensive than each rose? The 
math problem proposed from the perspective of adding or 
subtracting between different total prices was: 2. How much is the 
selling price of a bouquet of roses cheaper than a bouquet of 
lilies?), and originality score was 0 points.

The results indicated that students with higher levels of flow 
experience in mathematics class performed better in solving open-
ended mathematical problems than students with moderate and low 
levels. The performance of SHB was the best among all students.

After the event, six students described their experiences in 
problem-solving. SHB stated that he  experienced flow during the 
problem-solving process:

Yes, I tend to be more focused when doing math problems; And 
I also like to do questions with multiple answers, so when I do them, 
I feel more at ease and my thinking is clearer. Moreover, I don't care 
about how others evaluate my answers because I believe in my own 
abilities. When I was doing math problems, I felt like only a few 
minutes had passed, but the teacher told me that half an hour was 
up (Thursday, September 26th, 2024, 1:05 PM).

SMB and SLG felt that the open-ended mathematical problems 
were difficult for themselves, so they did not experience flow during 
the problem-solving process:

FIGURE 6

The answers of SMB to open-ended mathematical problems.
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FIGURE 7

The answers of SMG to open-ended mathematical problems.

SMB: I have seen relatively few of these types of questions, so each 
question still requires some thinking to determine if my answer is 
correct (Thursday, September 26th, 2024, 1:45 PM).

SLG: I don't have the feelings you mentioned. I feel like I don't know 
how to solve these problems anyway. Just write and submit them, 
I don't want to think too much (Thursday, September 26th, 2024, 
2:41 PM).

SHG, SMG and SLB reports experience anxiety during the 
problem-solving process due to the unfamiliarity or difficulty of open-
ended mathematical problems:

SHG: I haven't seen this type of problem much before, so I need to 
think about how to solve these problems. I feel that my attention is 
relatively focused, but I am a bit nervous when solving problems 
(Thursday, September 26th, 2024, 1:23 PM).

SMG: I don't have the above experience. I feel a little scared when 
solving problems because I find these questions a bit difficult for me. 
I try my best to figure out how to solve these problems, but some of 
them are just too difficult (Thursday, September 26th, 2024, 
2:02 PM).

SLB: I don't have the feeling you described. Solving problems in the 
past half hour has been a lot of pressure for me. I have never seen 
this type of problem before, and I am afraid that I cannot solve these 
problems on my own, nor do I have any ideas (Thursday, September 
26th, 2024, 2:23 PM).

5 Discussion

Mathematical creativity not only helps students achieve excellent 
performance in mathematics learning, but also provides them with 
basic skills needed for their future careers. Therefore, the cultivation 
of students’ mathematical creativity has always been a concern of 
mathematics educators. This study extends the application scope of 
flow theory to primary school mathematics education, providing a 
new perspective for cultivating mathematical creativity among 
primary school students.

This study investigated the flow experience level of primary school 
students in mathematics class in China. It was found that students’ 
flow experience was at a moderate level, and the flow experience level 
of males was higher than that of females, with a significant difference 
between the two. Lee (2021) argued that compared to boys, girls tend 
to underestimate their ability to learn mathematics and have less 
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positive attitudes toward mathematics. Boys usually consider math 
tasks to be appropriately challenging and have confidence in their 
mathematical abilities, so they are more likely to enter a flow state. In 
contrast, girls often lack confidence in their mathematical abilities and 
find math tasks too difficult for them, making it difficult for them to 
enter a flow state (Kiili et al., 2021). In addition, the traditional belief 
among mathematics teachers is that boys have stronger mathematical 
abilities, so they will provide more positive feedback and assistance to 
boys in mathematics classes (Radišić et al., 2024). This enhances boys’ 
confidence and participation, further promoting their flow experience 
in mathematics class.

This study found that mathematical creativity among primary 
school students in China was at a moderate level, with males had a 
higher level of mathematical creativity than females, and there was a 
significant difference between the two. Shaw et al. (2022) pointed out 
that boys typically exhibit higher self-efficacy in mathematics, 
believing that they are more capable of achieving success in this field. 
High self-efficacy can enable boys to engage more deeply in 
mathematical tasks and explore creative solutions. In contrast, girls 
have lower self-efficacy in mathematics, which may hinder the 
development of their creativity. In addition, boys develop certain 
cognitive skills earlier than girls, especially those related to spatial 
reasoning (Alkouri, 2022). These skills are often related to 
mathematical creativity and can help boys think flexibly about 
mathematical problems.

Positive emotions play an important role in influencing creativity. 
Thomson and Jaque (2025) argued that positive emotions such as 
satisfaction and pleasure can broaden the individual’s attention and 
enhance cognitive flexibility, which is helpful for creative tasks that 
require divergent thinking. In addition, positive emotions can increase 
motivation and engagement, leading to more innovative ideas and 
solutions (He, 2023). This study found that as a positive emotion, flow 
experience significantly positively predict mathematical creativity of 
primary school students. Flow is a psychological state in which 
students are fully engaged and highly focused in their studies. This 
high level of focus enables students to delve deeper into mathematical 
problems, which is crucial for exploring complex mathematical 
problems and developing creative solutions (d’Entremont and Voillot, 
2021). In the state of flow, students will lose self-awareness, thereby 
reducing their anxiety and fear of failure. In this state, students are able 
to actively explore new problem-solving solutions and demonstrate 
better mathematical creativity (Hidajat, 2024). In addition, flow can 
bring positive experiences to students, such as enjoyment and 
satisfaction. This will strengthen students’ intrinsic motivation for 
learning mathematics, stimulate them to think more actively about 
solving problems with different solutions, and thus generate more 
innovative ideas (Qablan et al., 2024).

Qualitative research also confirmed the conclusion of quantitative 
research, that students with high flow experience in mathematics 
class performed better than other students in solving open-ended 

FIGURE 8

The answers of SLB to open-ended mathematical problems.
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mathematical problems. High level of engagement in mathematics 
class can help students encode the knowledge they have learned into 
their long-term memory, making it easier for them to retrieve and 
apply mathematical knowledge in different environments in the 
future (Orbach and Fritz, 2022). In addition, students who experience 
flow will generate positive emotions such as happiness, excitement, 
and satisfaction after learning activities. These emotions not only 
enhance the immediate learning performance, but also contribute to 
long-term academic motivation and engagement (Maniriho, 2024). 
Therefore, students who have a higher flow experience in mathematics 
class can more actively and flexibly apply their learned knowledge 
and find more solutions when solving open-ended 
mathematical problems.

According to flow theory, the balance between challenge and skill 
is an important prerequisite for the generation of flow experience. The 
balance between challenge and skill is crucial for flow experience of 
students, as it directly affects their engagement, motivation, and 
overall learning performance (Peifer et al., 2022). In order for students 
to experience flow, the challenges presented in the task must be closely 
aligned with their skill levels. When tasks are too simple, students may 
feel bored and lazy. On the contrary, if the task is too difficult, they 
may feel anxious and at a loss (Zhao and Khan, 2022). In this study, 
the difficulty of two open-ended mathematical problems reached a 
dynamic balance with mathematical ability of SHB. Therefore, SHB 
experienced flow in solving open-ended mathematical problems and 
performed better than other students.

6 Implications

The findings of this study have important implications for 
mathematics teachers to cultivate mathematical creativity of 
primary school students in mathematics class. Mathematics 
teachers can design corresponding learning content and try 
different teaching methods based on flow theory to stimulate 
students’ creativity in solving mathematical problems. Teachers 
should also consider the differences in students’ abilities as much 
as possible and provide corresponding challenge activities to 
enable students in the classroom to experience a balance between 
challenge and skill. In addition, in primary school mathematics 
teaching, teachers should pay more attention to the learning 
experience and creativity development of girls. Teachers can 
encourage girls to solve problems in various ways, thereby 
enhancing their participation in mathematics class and stimulating 
their mathematical creativity.

7 Limitations and prospects

Although this study comprehensively analyzed the influence of 
primary school students’ flow experience in mathematics class on 
their mathematical creativity, there were also some limitations. 
Firstly, the participants of this study were Chinese sixth grade 
students, whether the results are applicable to primary school 

FIGURE 9

The answers of SLG to open-ended mathematical problems.
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students in other grades and countries still needs to be studied and 
validated through larger quantitative and qualitative samples. 
Secondly, the level of flow experience among students in this study 
mainly came from their self-reports, future research can also allow 
teachers or peers to observe and evaluate flow experiences of primary 
school students as a supplement to students’ self-report, thereby 
obtaining more objective measurement results.

8 Conclusion

This study investigated the flow experience and mathematical 
creativity level of primary school students in mathematics class in 
China. It was found that the flow experience and mathematical creativity 
among primary school students were at a moderate level, with boys 
having higher flow experience and mathematical creativity than girls. 
This study confirmed from both quantitative and qualitative 
perspectives that the flow experience among primary school students 
in mathematics class could positively predict their mathematical 
creativity. The balance between challenge and skill was crucial for 
students to experience flow in mathematics learning. The findings of 
this study have important implications for mathematics teachers to 
cultivate mathematical creativity of primary school students in 
mathematics class.
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