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Freshmen often encounter significant challenges in adapting to the complexity 
of university-level mathematics and independent learning. These challenges 
necessitate the development of strong self-regulated learning (SRL) skills to 
successfully navigate the demands of higher education. Building on mindset 
theory, this study explores how mathematical mindset-oriented interventions can 
support freshmen’s mathematics learning during their transition to higher education 
mathematics, particularly in an online setting. This mixed-methods study involved 
306 freshmen, who participated in an online calculus tutorial program, with 118 
engaged in the mindset intervention and 188 serving as controls. The intervention 
significantly altered the students’ perceptions of mathematics and improved 
their SRL strategies. Quantitative data were analyzed using descriptive statistics, 
ANOVA, t-tests, and Structural Equation Modeling to examine the relationships 
between mathematical mindset, SRL, and academic achievement. Qualitative data 
from semi-structured interviews with 18 students were thematically analyzed to 
provide deeper insights into students’ experiences and mindset development. 
Students with a mathematical mindset demonstrated enhanced SRL strategies 
and superior mathematical achievement. However, the fact that some students 
with a fixed mindset also achieved high levels of mathematical success points to 
the intervention’s complex influence on academic confidence and achievement. 
These findings highlight the need for ongoing research into the mathematical 
growth mindset at the tertiary level and for adapting educational strategies to 
the changing dynamics of online education and diverse cultural backgrounds.
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Introduction

In higher education, freshmen often face the challenge of transitioning from high school 
to university learning methods, encountering numerous academic difficulties such as issues 
with learning effort, intrinsic motivation, self-regulated learning, and academic achievement 
(Freeman et al., 2007). This is particularly evident in the field of mathematics, where many 
freshmen struggle with low motivation and poor achievement (Tang et al., 2023). In Chinese 
higher education, traditional teaching methods have largely emphasized rote learning, whereas 
there is an increasing emphasis on fostering autonomous and self-regulated learning 
approaches (Li et al., 2018). This shift is further complicated by the need for students to 
develop higher-order thinking skills and a deeper understanding of mathematical concepts.
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Calculus, a required course in many university programs, 
exemplifies these challenges due to its abstract and complex nature, 
especially for freshmen, who face increased complexity and higher 
expectations for self-regulated learning during their transition to 
university-level mathematics (Champion and Mesa, 2018; Stewart and 
Thomas, 2009). These difficulties can undermine students’ confidence, 
often leading them to develop a fixed mindset—the belief that their 
mathematical abilities are innate and unchangeable (Dweck et al., 
1995). This mindset discourages students from investing further effort 
when faced with challenges, which not only impacts their immediate 
performance but also diminishes their long-term engagement and 
success in mathematics (Dweck, 2006).

While mindset interventions have shown promise in promoting 
student engagement, effort, and persistence, recent research suggests 
that these interventions alone may not be sufficient to fully address the 
challenges faced by freshmen, particularly in complex subjects like 
calculus. This indicates that mindset interventions, while effective in 
shifting students’ attitudes, must be complemented with other forms 
of support that address the practical aspects of learning complex 
subjects. Specifically, Boaler et al. (2021) explored a mathematical 
mindset summer camp and found that, although student engagement 
and confidence improved, the complexity of the mathematical 
challenges still required additional support beyond mindset change. 
Complementary interventions, such as self-regulated learning 
strategies—including goal setting, effective time management, and 
reflective practices—can provide the tools students need to manage 
their own learning and tackle complex mathematical problems, 
thereby offering a more comprehensive approach to improving 
student outcomes in mathematics (Blackwell et al., 2007; Dweck and 
Master, 2009; Yeager et al., 2019).

Moreover, the transition to university presents unique challenges 
for freshmen, as they must adapt to more complex content, increased 
autonomy, and higher expectations. Despite the potential benefits of 
mindset interventions, there is limited research specifically focusing 
on university freshmen, particularly in understanding how fostering 
a growth mindset can support their adaptation to university-level 
learning and mathematics achievement. This gap highlights the 
importance of exploring tailored interventions that address not only 
students’ beliefs about their abilities but also equip them with the 
necessary self-regulated learning strategies to succeed in their 
academic pursuits.

Additionally, despite the growing body of research on 
mathematical mindset and self-regulated learning (SRL), there 
remains a significant gap in understanding how these interventions 
function in the context of online education, particularly at the 
university level (Ayu, 2020; Dumford and Miller, 2018). Most studies 
to date have focused on traditional classroom environments, leaving 
the effects of online formats for delivering mindset interventions on 
SRL and mathematical mindset relatively unexplored (Lajoie, 2008; 
Cassidy, 2011; Theobald, 2021). With the increasing reliance on online 
learning platforms, especially during the COVID-19 pandemic, it is 
crucial to understand how delivering mindset interventions via online 
platforms can support students’ development in mathematics. The 
online format here is not intended as a separate intervention but as a 
means of delivering the mathematical mindset intervention. Online 
video interventions have emerged as a promising tool to address these 
challenges, offering flexible and interactive learning experiences (Liu 
et al., 2021). These interventions can provide personalized learning 

paths and present mathematical concepts engagingly, promoting 
active learning and reflection. However, despite their potential, the 
effectiveness of these interventions in cultivating a mathematical 
mindset and enhancing SRL within the context of Chinese higher 
education remains underexplored.

This study aims to investigate the impact of these interventions on 
freshmen’s SRL and mathematical achievement, offering new insights 
into the field of online education. Understanding how self-regulated 
learning, mathematical mindset, and academic achievement interact 
is essential for improving students’ academic success, particularly in 
the underexplored context of Chinese higher education.

Literature review

Mathematics learning among college 
freshmen

Mathematics learning among college freshmen presents unique 
challenges and opportunities, as these students transition from high 
school to a more demanding academic environment. First-time 
freshmen, typically recent high school graduates, must navigate the 
complexities of college-level mathematics, which is often more 
rigorous than their high school coursework (Goodman et al., 2011). 
This transition is compounded by the pressures of academic 
achievement, social adjustment, and emotional stress (Deberard et al., 
2004; D’Lima et al., 2014). One significant problem faced by freshmen 
is the gap in their mathematics readiness, highlighted by disparities 
between high school transcripts and the requirements of college 
mathematics courses (Hegedus et al., 2016). This puts students who 
have not taken advanced mathematics courses in high school at risk 
of struggling with college-level demands (Champion and Mesa, 2018; 
Froiland and Davison, 2016).

In Chinese universities, freshmen experience significant stress due 
to high familial and societal expectations, negatively impacting their 
mental health and academic success (Lei et al., 2022; Tang et al., 2023). 
Incorporating positive education strategies can alleviate this stress by 
emphasizing psychological well-being, engagement, and meaningful 
learning experiences. By promoting a supportive learning 
environment, students’ motivation and resilience can be enhanced, 
improving their persistence in challenging subjects like mathematics. 
Longitudinal studies have indicated that freshmen often experience 
notable changes in their mathematics performance over the course of 
their first year in college, with many showing a decline initially due to 
increased rigor, followed by gradual improvement as they adapt to 
new learning environments and strategies (Krumrei-Mancuso et al., 
2013; Sax et al., 2002). Understanding these performance changes is 
crucial for identifying periods of vulnerability where students are most 
likely to struggle and implementing timely interventions 
(Zimmerman, 2002). Additionally, engagement and motivation might 
be further lowered if students fail to see real-world applications of 
algebra and calculus, leading to poor performance (Hiebert and 
Lefevre, 2013; Huang et  al., 2017). This issue is compounded by 
inadequate study habits, especially in self-regulated learning (SRL), 
planning, and management skills, and reluctance to seek help, which 
significantly hinders their learning achievement (Kitsantas et al., 2021; 
Ye et al., 2022; Tang et al., 2023). Research also highlights that students 
who effectively implement self-regulated learning strategies tend to 
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demonstrate significant positive changes in their mathematics 
performance over time, particularly in areas such as problem-solving 
accuracy and conceptual understanding (Pintrich and De Groot, 
1990).These compounded difficulties underscore the multifaceted 
nature of the challenges that freshmen face in mathematics learning, 
highlighting the need for targeted support and interventions to help 
them succeed.

Application of mindset theory in college 
mathematics education

Studies have consistently demonstrated that adopting a growth 
mindset—the belief that intelligence and abilities can be developed 
through effort, effective strategies, and support—significantly 
enhances students’ resilience and engagement, thereby improving 
their academic achievement in mathematics (Dweck, 2006, 2017; 
Duckworth et al., 2007). For example, Boaler (2013) found that 
students encouraged to adopt a growth mindset exhibited 
significantly higher levels of motivation and engagement, which 
translated into better academic outcomes. Similarly, Good et al. 
(2003) demonstrated that short-term interventions promoting a 
growth mindset could substantially improve students’ mathematics 
test scores, particularly among those who struggled initially. 
Building on these findings, it is important to distinguish between 
different types of mindsets that can influence mathematical 
learning. A fixed mindset refers to the belief that abilities are static 
and cannot be changed, whereas a growth mindset involves the 
belief that abilities can be  developed through effort, effective 
strategies, and learning opportunities (Dweck, 2006). Mathematical 
mindset, as proposed by Boaler (2016), builds upon the growth 
mindset specifically in the context of mathematics. It emphasizes 
resilience, flexibility, and the value of learning from mistakes as 
essential aspects of mathematical learning. Unlike a general growth 
mindset, which applies across various domains, a mathematical 
mindset is tailored to foster positive attitudes towards mathematics, 
encouraging persistence through challenges.

Further studies have corroborated these findings, reinforcing the 
connection between growth mindset interventions and improved 
academic achievement in mathematics. Yeager et  al. (2019) 
conducted a large-scale experiment demonstrating that mindset 
interventions not only enhance students’ mathematics grades but 
also bolster their resilience and capacity to cope with challenges. 
Similarly, Schmidt et al. (2015) found that feedback emphasizing 
effort and strategy rather than inherent ability significantly boosts 
students’ motivation and achievement in mathematics. Blackwell 
et al. (2007) demonstrated that educating students about the growth 
potential of intelligence leads to substantial improvements in 
mathematics course achievement. The broad applicability of mindset 
theory was further supported by Rattan et al. (2012), who found that 
growth mindset education increases students’ persistence through 
mathematical challenges, leading to better long-term achievement. 
Additionally, Esparza Masana and Cebrián (2024) showed that 
incorporating real-world applications and problem-solving tasks in 
mathematics courses reinforces a growth mindset, resulting in 
greater student engagement and effort. Despite these positive 
outcomes, there is a lack of research on how online interventions can 
effectively promote a mathematical mindset among college 

freshmen, especially within the context of Chinese higher education. 
Understanding how to leverage technology to foster mathematical 
mindsets could provide valuable insights for improving mathematics 
learning outcomes.

SRL among college freshmen in 
mathematics

Empirical studies have highlighted the substantial impact of SRL 
strategies on freshmen’s achievement in mathematics. Sun et al. (2018) 
found that freshmen trained in SRL strategies outperformed their peers 
in introductory mathematics courses. Nota et al. (2004) also observed 
that freshmen who employed SRL strategies, such as goal-setting and 
self-monitoring, achieved higher academic success in mathematics. 
Additionally, Kramarski and Mizrachi (2006) revealed that freshmen 
who used metacognitive SRL strategies, including self-questioning and 
self-explanation, demonstrated better problem-solving skills and 
higher mathematics achievement. These findings align with those 
obtained by broader research indicating a strong positive correlation 
between SRL strategies and academic achievement in mathematics 
(Dignath et  al., 2008; Zimmerman, 2002). SRL strategies enhance 
students’ problem-solving skills, adaptability, and persistence through 
challenging tasks (Cleary and Chen, 2009; Schunk, 2005). Self-
monitoring and self-evaluation enable students to identify effective 
strategies and areas for improvement, fostering a deeper understanding 
of mathematical concepts (Boekaerts and Corno, 2005; Pintrich, 2004). 
However, there is a notable gap in research concerning how the form 
of online intervention can be used to effectively enhance SRL among 
college freshmen. Most existing studies have focused on in-person 
learning environments, leaving the unique dynamics and challenges of 
delivering SRL interventions through online formats largely 
unexplored (Hattie and Donoghue, 2016). Additionally, online 
platforms may present distinct challenges that require tailored SRL 
strategies to support student engagement and motivation (Artino, 
2007; Broadbent and Poon, 2015). Online learning environments, 
especially those without a structured schedule or direct supervision, 
can make it difficult for students to self-regulate effectively, which is 
particularly true in complex subjects like mathematics (Huang et al., 
2017). Further investigation is needed to understand how online 
formats, as a form of delivering SRL interventions, can effectively 
promote SRL behaviors and support student achievement in 
mathematics. This becomes especially critical given that students often 
struggle with self-regulation in less structured environments such as 
online learning. The National Council of Teachers of Mathematics 
(NCTM) underscored the importance of SRL by advocating for goal-
setting, reflective thinking, active engagement in problem-solving, and 
perseverance (National Council of Teachers of Mathematics, 2014). 
Practical strategies to enhance SRL in mathematics include creating 
study schedules, seeking additional resources, developing focus 
techniques, establishing supportive learning environments, and 
regularly reviewing problem sets and exams (Zimmerman and 
Martinez-Pons, 1990). These SRL skills are teachable and lead to 
significant improvements in mathematical achievement and resilience 
(Cleary and Zimmerman, 2004; Perels et al., 2009). By utilizing online 
platforms as a medium to deliver SRL strategies, educators can better 
equip college freshmen with the critical skills necessary for success in 
mathematics and beyond, particularly in an increasingly digital 

https://doi.org/10.3389/fpsyg.2024.1494702
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Xu et al. 10.3389/fpsyg.2024.1494702

Frontiers in Psychology 04 frontiersin.org

educational landscape. Despite numerous studies emphasizing the 
importance of supporting freshmen’s transition to university-level 
mathematics learning and the demonstrated effectiveness of 
mathematical mindset interventions, significant research gaps remain. 
Mathematical mindset plays a crucial role in fostering SRL by shaping 
students’ attitudes toward challenges and their belief in their ability to 
improve through effort (Dweck, 2006; Zimmerman and Schunk, 
2011). In particular, there is limited understanding of how these 
interventions can be effectively implemented within online formats for 
Chinese university students, and how this mode of delivery influences 
SRL and mathematical achievement in such contexts. Moreover, by 
encouraging a growth-oriented perspective, mathematical mindset 
interventions can enhance students’ willingness to engage in SRL 
behaviors, which has shown promise in enhancing engagement and 
motivation. However, their long-term effects on academic success and 
how they can be effectively integrated into existing higher education 
systems remain underexplored.

Current study

Building upon the gaps identified in the literature, this study 
examines the impact of an online calculus tutorial designed to foster 
both a mathematical mindset and self-regulated learning (SRL) among 
freshmen in Chinese higher education. By integrating Dweck’s (2006) 
mindset theory with SRL strategies in an online learning environment, 
this research seeks to address the paucity of studies exploring these 
constructs collectively. Specifically, below research questions are 
addressed in this study:

RQ1: How do mathematical mindset interventions influence the 
relationships between freshmen’s self-regulated learning behaviors 
and mathematical performance in Chinese higher education?

RQ2: What is the effect of mathematical mindset interventions 
on freshmen’s overall academic achievement in mathematics, 
including the development of self-regulated learning  
behaviors?

The reviewed literature informs this study by providing context, 
shaping the research question, and suggesting data collection 
techniques. Mathematical mindset interventions have recently gained 
attention for their potential to improve students’ attitudes, motivation, 
and achievement in mathematics. Studies, including those by Dweck 
et  al. (2014), have shown that interventions emphasizing the 
malleability of intelligence and the importance of effort and persistence 
significantly enhance students’ motivation and academic performance 
(Dweck and Leggett, 1988). Approaches like educating students about 
neuroplasticity, using the term “yet” to signal ongoing learning, and 
highlighting mistakes as part of the learning process have proven 
effective (Opfer and Pedder, 2011). For Chinese freshmen, calculus is 
particularly crucial, yet many rely heavily on rote memorization and 
procedural knowledge, which hinders their problem-solving abilities 
(Fan and Zhu, 2004). Figure 1 illustrates the conceptual framework, 
which focuses on the relationship between mathematical mindset, the 
intervention experiment, and mathematics achievement. Established 
research suggests that mindset can be influenced by interventions, as 
indicated by the solid line, but the outcomes of this specific 
intervention and its effect on SRL and achievement remain unknown, 
represented by the dotted lines. We hypothesize that students who 
participate in this intervention will exhibit significant improvements 
in their SRL behaviors, such as goal setting and resilience, and achieve 
higher academic performance in calculus compared to those who do 
not receive the intervention. This study seeks to investigate these 
relationships and understand how fostering a mathematical mindset 
through targeted interventions can influence SRL and enhance 
mathematics performance.

Method

Participants

This study was conducted at a university in Guangdong, China. 
An initial pool of 1,334 students was considered eligible for the study. 
However, 892 students were excluded for various reasons: 580 declined 
to participate, and 312 had substantial issues with pre-test data. For 

FIGURE 1

The conceptual model of the present study.
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example, some students provided incomplete responses, while others 
gave contradictory answers, such as selecting both “Strongly Agree” 
and “Strongly Disagree” for the same question. Thus, only 442 students 
were eligible to participate. To minimize potential biases and ensure 
that each group represented the overall student population, we used 
R software to allocate participants randomly to two groups: 
intervention and control. The randomization process considered 
varied student information, such as age, gender, and academic 
background, to ensure that both groups were comparable. Through 
this process, 202 participants were randomly assigned to the 
intervention group and 240 to the control group. However, due to 
withdrawals and data completion issues, the final groups comprised 
118 participants in the intervention group (who received the 
intervention) and 188 in the control group who did not receive the 
intervention (see Figure 2). All participants were first-year students, 
distributed across four distinct majors: Business, Arts, Technology, 
and Finance. In the intervention group, the gender distribution was 
balanced, with 15 female students in each major (total intervention 
female = 60). Among male students, 14 students enrolled in each of 
the Arts and Finance majors, and 15 students enrolled in each of the 
Business and Technology majors (total intervention male = 58). 
The control group had a nearly equal gender distribution, with 23 
male students (total control male = 92) and 24 female students (total 
control female = 96) in each major.

Materials

Intervention

In January 2023, 202 first-year students in the intervention group 
participated in a two-week online video series based on the 

mathematical mindset intervention module, which was extracted 
from Jo Boaler’s online course at Stanford Online Learning (Boaler, 
2023). This intervention is directly grounded in Boaler’s mathematical 
mindset theory, which emphasizes that mathematical abilities are not 
fixed but can be developed through effort, persistence, and learning 
from mistakes. By incorporating these principles, the intervention 
specifically aimed to help students who had completed their calculus 
coursework online during the 2022 pandemic to build a growth 
mindset and enhance their SRL skills. As shown in Figure  3, the 
mathematical mindset intervention included six key modules (green 
boxes) and eight videos (blue boxes). After watching each video, the 
students participated in reflective activities (white box on the right).

Video 1 (V1) and Video 2 (V2) introduced the students to a 
mathematical mindset by explaining the brain and mindset and 
their relevance to learning calculus, as well as the relationship 
between mindset and goal-setting within the context of mathematics 
education. These videos are part of Module 1, which lays the 
foundation of growth mindset theory and its application to 
mathematics learning, drawing directly on Boaler’s (2016) work on 
the importance of believing in one’s ability to grow through effort 
and persistence. Video 3 (V3) delved into the idea that calculus is 
not merely a technical subject but also a creative and beautiful 
discipline. This video is aligned with Module 2, which is dedicated 
to changing students’ perspectives on calculus by highlighting its 
creative aspects. Boaler’s emphasis on exploring multiple solution 
paths and viewing mathematics as an inherently creative field is 
central to this module, encouraging students to break away from 
rote memorization and instead appreciate the beauty of 
mathematical thinking. Video 4 (V4) highlighted the role of calculus 
in fostering creative problem-solving skills and its application across 
various domains. This video supports Module 3, which aims to 
connect mathematical concepts with real-world applications and to 

FIGURE 2

Flowchart of participation.
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foster creative thinking. The content here extends Boaler’s idea of 
cultivating an environment where students see the practical 
applications of mathematics, thereby reducing the anxiety around 
abstract concepts. Video 5 (V5) focused on activities that encourage 
students to see mistakes as valuable learning opportunities. Through 
individual activity, students worked in groups to analyze errors, set 
personal goals, and learn to persist through challenges together. 
This aligns with Boaler’s advocacy for embracing struggle as a part 
of effective learning. Video 6 (V6) provided a comprehensive 
overview of the calculus courses. Using group activities, they 
explored different calculus concepts. This was designed to encourage 
students to solve problems collaboratively and share diverse 
approaches, which deepens their understanding of the subject 
(Leikin, 2009). Video 7 (V7) emphasized mathematical freedom, 
encouraged students to design their own calculus problem-solving 
methods, and fostered creativity and engagement (Silver, 1997). This 
is another reflection of Boaler’s (2016) idea that students should 
have the freedom to explore mathematics in their own way, thus 
enhancing engagement and deeper understanding. The series 
concluded with Video 8 (V8), which revisited mindset, goals, and 
self-regulated learning, integrating themes of group work and 
mathematical freedom with calculus knowledge, such as creating a 
calculus mind map. This video emphasizes group work, 
mathematical freedom, and creating a calculus mind map to visually 
connect learned concepts.

Pre-and post-surveys
To observe the intervention’s impact, pre-and post-tests were 

conducted during the midterms (pre) and finals (post) using the 
online survey platform Wenjuanxing. Both the pre- and 

post-questionnaires were divided into three key parts: 
mathematical mindset, self-regulated learning, and mathematics  
achievement.

Mathematical mindset questionnaire
The 15 mathematical mindset questions were adapted from 

Boaler’s mathematical mindset questionnaire (Boaler et al., 2018), 
which has been used in many professional training courses (Boaler, 
2023). It is divided into two key dimensions: beliefs about the plasticity 
of intelligence and challenge coping. Participants responded to each 
item using a six-point Likert scale ranging from “Strongly Disagree” 
(1) to “Strongly Agree” (6). In both the pre-test and post-test 
questionnaires, four items were designed such that higher scores 
indicated a stronger mathematical mindset (Q9, Q11, Q15, and Q17), 
while eleven items were designed such that lower scores indicated a 
stronger mathematical mindset (Q8, Q10, Q12-Q14, Q16, Q18-Q22) 
items were reverse scored. The internal consistency reliability was 
confirmed with Cronbach’s alpha coefficients of 0.73 at the pre-test 
and 0.96 at the post-test.

Self-regulated learning
The self-regulated learning questionnaire contained 24 questions 

adapted from Broadbent et al.’s (2023) Self-regulated Learning-online 
(SRL-O) questionnaire. This instrument assessed students’ self-regulated 
learning strategies across six key dimensions relevant to online learning 
environments: effort regulation (items 1–4), academic self-efficacy (items 
5–8), planning and time management (items 9–13), online task strategies 
(items 14–18), intrinsic motivation (items 19–23), and metacognition 
(items 24–28). Participants responded to each item using a seven-point 
Likert scale ranging from “Strongly Disagree” (1) to “Strongly Agree” (7), 

FIGURE 3

Mathematical mindset intervention.
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with higher scores indicating greater use of the respective self-regulated 
learning strategy. Subscale scores were calculated by averaging the 
responses within each dimension, and an overall SRL score was obtained 
by summing the subscale scores, with higher total scores reflecting 
greater self-regulation in learning. The internal consistency reliability of 
the questionnaire was assessed using Cronbach’s alpha, yielding an 
overall alpha of 0.98 at the pre-test and 0.977 at the post-test, indicating 
excellent reliability (George and Mallery, 2003).

Mathematics achievement
The mathematics achievement questionnaire comprised 10 

multiple-choice calculus questions sourced from university exams 
over the past 5 years, where higher scores indicated higher 
mathematical achievement.

Interviews
To gain deeper insights into the intervention’s effects on learning 

trajectories and mathematical mindsets, 18 students from both groups 
were selected for semi-structured interviews. These interviews drew 
on seminal works by Yeager et al. (2019), Blackwell et al. (2007), and 
Hattie (2009) to validate the program’s impact. Students were selected 
through stratified random sampling and asked a set of six core 
questions regarding their experiences with SRL and mathematical 
mindsets, which are provided in Appendix. The interviews were 
conducted in a comfortable setting, ensuring participants felt at ease. 
To ensure credibility and clarity, the interview questions were reviewed 
by experts in the field, and the analysis involved two researchers 
seeking consensus on the findings.

Procedure

Data collection involved surveys, mathematics assessments, and 
interviews. Students in both the intervention and control groups 
participated in the pre-and post-tests, which covered self-regulated 
learning, mathematical mindset, and calculus problems from past 
midterm exams. The students in both groups used the same 
questionnaires. Participants in the intervention group, who followed an 
online video learning intervention, were assessed for changes in 
mathematical mindset. Eighteen students (9 from each group) 
participated in the post-survey interviews.

Data analysis

This study employed an explanatory sequential mixed-methods 
approach to investigate mathematical mindset and self-regulated 
learning among first-year undergraduates. Incomplete surveys were 
managed using list wise deletion, a widely accepted technique in 
survey-based research to maintain data integrity when dealing with 
missing responses (e.g., Allison, 2009; Little and Rubin, 2019). This 
step was performed before conducting any statistical analysis to 
ensure that subsequent analyses were based on complete datasets. 
Descriptive statistics, including means, standard deviations, and 
correlations, were calculated to provide an overview of the data. 
Linear regression to examine the relationships among key variables, 
such as self-regulated learning and mathematical mindset. T-tests and 
p-values quantified the significance of changes, while R-squared values 

from regression models measured the intervention’s impact. Structural 
equation modeling (SEM) analysis was also performed to elucidate the 
impact of SLR on mathematical mindset, as well as changes in these 
relationships before and after the intervention. Following the 
quantitative phase, qualitative data were gathered through semi-
structured interviews with 18 students, selected based on academic 
achievement, to gain the relationship between a mathematical mindset 
and SRL.

Stratified sampling was used to account for gender balance and 
academic achievement levels—lower, medium, and higher—ensuring 
a representative sample. The semi-structured interviews offered 
deeper insights into students’ mathematical experiences, self-regulated 
learning strategies, and mindset development. The 18 students were 
chosen from a total population of 306 (188 control and 118 
intervention), ensuring equal representation from both groups. This 
sample size was guided by the principle of saturation, where further 
interviews do not yield new insights, typically achieved within 12–20 
interviews. Conducted via Tencent Meeting, the interviews lasted 
20 min and were analyzed for emerging themes related to students’ 
learning strategies and mindset (Boeije and Willis, 2013). All 
interviews were in Chinese and translated into English with the 
assistance of bilingual experts to ensure accuracy and facilitate cross-
cultural analysis. Using Srivastava and Thomson’s (2009) framework, 
qualitative data were systematically analyzed through familiarization 
with the data, coding, and identifying key themes. Themes were 
refined through an iterative process in which patterns were reviewed, 
and connections between themes were visualized. By integrating these 
quantitative and qualitative findings, the study provided a 
comprehensive understanding of how the intervention influenced 
students’ attitudes toward mathematics, supporting the development 
of a growth-oriented learning environment.

Results

Descriptive statistics and significance 
testing

For self-regulated learning, the control group showed no significant 
difference in mean scores (t = −3.04, p = 0.136) from the pre-test 
(M = 138.3, SD = 22.75) to the post-test (M = 144.4, SD = 21.17). In 
contrast, the intervention group exhibited a significant improvement in 
SRL (t = 2.13, p = 0.041), with mean scores increasing from pre- 
(M = 140, SD = 26.13) to post-intervention (M = 147, SD = 25.50). For 
mathematical achievement, the control group showed no significant 
increase in mean scores (t = −3.56, p = 0.090) from the pre-test 
(M = 11.35, SD = 5.66) to the post-test (M = 13.25, SD = 6.03). The 
intervention group showed a slight but significant improvement 
(t = 2.05, p = 0.047), with mean scores rising from pre- (M = 12.32, 
SD = 4.95) to post-intervention (M = 12.45, SD = 5.96). For 
mathematical mindset, the control group showed a significant increase 
in mean scores (t = 4.45, p < 0.001) from the pre-test (M = 36.85, 
SD = 8.07) to the post-test (M = 39.76, SD = 6.14). The intervention 
group showed a slight but significant improvement (t = 7.48, p < 0.0001), 
with mean scores rising from pre- (M = 36.37, SD = 6.00) to post-
intervention (M = 39.76, SD = 2.35). For mathematical mindset 
(higher), the control group showed no significant change in mean scores 
(t = −0.72, p = 0.48) from the pre-test (M = 18.1, SD = 2.55) to the 
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post-test (M = 17.94, SD = 2.31). The intervention group showed no 
change (t = 0.00, p = 1.00), with mean scores remaining the same from 
pre- (M = 18.1, SD = 2.36) to post-intervention (M = 18.1, SD = 2.55). 
These findings indicate that the intervention group showed significant 
improvement in both SRL and mathematical achievement among 
freshmen, although the improvement in mathematical achievement 
was slight.

Relationships between relationships 
between key variables and regression 
analysis

Previous findings showed significant improvements in SRL and 
modest gains in mathematical achievement for the intervention 
group. To understand the factors behind these outcomes, this 
section explores the use of regression analysis, correlation matrices, 
and SEM to understand better the impact of mathematical mindset 
interventions on student outcomes. Regression analysis was 
specifically chosen because it helps determine the strength and 
direction of the relationship between self-regulated learning (SRL) 
and mathematical achievement, allowing us to identify whether 
improvements in SRL predict better academic performance. This 
approach provides a more quantitative perspective on how SRL 
contributes to outcomes, which is essential for testing the 
effectiveness of the intervention. These methods were chosen 
because they allow for a more nuanced examination of the complex 
relationships between variables and mediating effects, which might 
not be  fully captured with traditional analysis methods. The 
regression analysis focused on post-test outcomes, particularly the 
influence of SRL (“poself ”) on mathematics achievement (“poma”). 
Although the model showed a slight positive effect—where “poma” 
increased by 0.234543 for each unit increase in SRL post-test 
“poself ”—the predictors were not statistically significant (p-values 
>0.05) and the model had minimal explanatory power 

(R-squared = 0.02435, adjusted R-squared = −0.006138), with an 
F-statistic p-value of 0.4976, underscoring the model’s lack of 
significance. These findings suggest that SRL alone does not 
significantly impact mathematics achievement, highlighting the 
need for further investigation into other influential factors.

To complement the regression analysis, the correlation matrix 
provided a detailed examination of the relationships among the 
variables mathematics achievement “poma” and mathematical 
mindset variables—where higher scores on the questionnaire (“mmh”) 
indicated a better mindset and lower scores (“mml”) suggested a more 
favorable mindset—along with SRL post-test “poself.” Significant 
correlations, notably a strong positive correlation (Corr: 0.407), were 
observed between “poma” and “poself,” suggesting a consistent 
association between higher SLR and better mathematical achievement 
(see Figure  4). It shows a moderate positive correlation between 
pommh (mathematical mindset post-test) and poself (Corr: 0.297), 
suggesting that students with stronger self-regulated learning tend to 
have a more positive mathematical mindset. In contrast, the 
correlations between the mathematical mindset pre-test (prma) and 
both poself and pommh are weak, with values of 0.069 and − 0.001, 
respectively, indicating the limited influence of pre-test mindset on 
later outcomes. The density plots and scatter plots within the matrix 
further illustrate the data distribution and relationships between these 
variables, with the spread of poself reflecting variability in students’ 
self-regulation skills. This analysis underscores the critical role of self-
regulated learning in improving both mathematical achievement and 
mindset, highlighting the importance of fostering SRL for better 
academic outcomes.

Comparison of intervention and control 
group

To evaluate the intervention’s effectiveness, we employed SEM to 
examine the relationships among mathematical mindset, self-regulated 

FIGURE 4

Correlation matrix of several significant relationships. The matrix displays correlations between several variables. prma, Pre-Test for Mathematical 
Mindset, mmh, Mathematical Mindset (where higher scores indicate a better mindset), mml, Mathematical Mindset (where lower scores indicate a 
better mindset), prself, Pre-Test Result for Self-Regulated Learning (SRL), poma, Post-Test for Mathematics Achievement, pommh, Post-Test for 
Mathematical Mindset, poself, Post-Test for Self-Regulated Learning (SRL). The colors in the matrix indicate different correlation directions and 
strengths: red represents negative correlations, while blue represents positive correlations. The density plots along the diagonal show the distribution 
of each variable. Asterisks denote levels of statistical significance: p < 0.05, p < 0.01, p < 0.001.
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learning (SRL), and academic achievement. SEM analysis revealed that 
the intervention significantly enhanced participants’ mathematical 
mindset compared to the control group and that mastery of SRL, 
including online academic self-efficacy, positively predicted academic 
achievement. Additionally, SEM confirmed strong correlations among 
mathematical mindset, self-coordination, and academic achievement, 
highlighting the intervention’s role in strengthening these 
interconnected academic factors. The SEM path models for the 
intervention (left) and control (right) groups illustrate the relationships 
between mathematical mindset (pmm, abbreviated as such due to R’s 
display conventions), self-regulated learning (psl), and academic 
achievement (pom, also abbreviated by R) (see Figure 5).

The path coefficients in the intervention group suggest 
stronger relationships between variables, particularly between 
pmm and pom (0.14), compared to the control group where 
relationships are nearly negligible (0.01). The stronger path 
coefficients in the intervention group imply that the intervention 
had a positive effect on enhancing the relationships between 
mathematical mindset, self-regulated learning, and academic 
achievement. The SEM results, as shown in Figure 4, represent the 
relationships between academic achievement (pom), mathematical 
mindset (pmm), and self-regulated learning (psl). The analysis 
shows that academic achievement is positively associated with 
both mathematical mindset and self-regulated learning. However, 
only mathematical mindset (pmm) has a significant direct effect 
on academic achievement (estimate = 0.338, p < 0.05), whereas 
self-regulated learning (psl) does not (p = 0.133). The model 
demonstrates excellent fit, with CFI = 1.00, TLI = 1.00, 
RMSEA = 0.000, and SRMR = 0.000, clearly illustrating how a 
mathematical mindset plays a stronger role in academic 
achievement compared to self-regulated learning in this context. 
Since pmm and psl showed a closer relationship compared to their 
relationship with other variables, we  further investigated the 
connection between individual items in mathematical mindset 
and self-regulated learning, as well as the correlation between the 
items themselves, to better understand how these two 
constructs related.

Figure 6 presents this comparison, highlighting the relationships 
between pommh (mathematical mindset) and key variables such as 
poelan (planning), pooer (effort regulation), poots (task strategies), 
pooim (intrinsic motivation), pome (metacognition), and Poeoas 
(academic self-efficacy). The intervention group exhibits significantly 
stronger correlations, with pommh correlating with poelan at 0.79 and 
poots at 0.83, and other variables such as proots, pome, and pooim 
reaching correlations as high as 0.83. This indicates that the 
intervention effectively strengthened the interconnections between 
mathematical mindset and self-regulated learning. In contrast, the 
control group shows weak correlations, underscoring the limited 
relationships between these factors without intervention. These 
findings demonstrate the intervention’s clear impact on enhancing the 
alignment between mindset and self-regulation, key elements for 
improving educational outcomes.

To further explore the dynamics between self-regulated learning 
components and mathematical mindset, we  conducted an SEM 
analysis to examine how various predictors influence post-test 
mathematical mindset high (pommh), which reflects a strong 
mathematical mindset. As shown in Figure  7, the analysis 
investigates factors such as “post-test planning and management” 
(poelan), “post-test online effort regulation” (pooer), “post-test 
online task strategies” (poots), “post-test intrinsic motivation” 
(pooim), “post-test metacognition” (pome), and “post-test academic 
self-efficacy” (poeoas). The model demonstrates excellent fit with 
indices CFI = 1.00, TLI = 1.00, RMSEA = 0.000, and SRMR = 0.000, 
indicating no residuals. In the intervention group, pooim (intrinsic 
motivation) has the strongest positive effect on pommh (coefficient 
0.12), highlighting its critical role in developing a strong 
mathematical mindset. Conversely, poelan (planning and 
management) shows a negative effect (−0.11), suggesting that rigid 
planning can hinder mindset growth. Other factors such as pome 
(metacognition) and poeoas (academic self-efficacy) also contribute 
positively, with coefficients of 0.04 and 0.01, respectively. In 
contrast, the control group shows weaker relationships, with 
coefficients close to zero across variables, indicating that the 
absence of intervention leads to minimal impact on mindset 

FIGURE 5

Comparison of structural equation models for intervention (left) and control (right) groups.
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development. These findings underscore the intervention’s 
effectiveness in strengthening the connections between intrinsic 
motivation, self-regulated learning, and mathematical mindset, 
leading to significant improvements in students’ mindset and 
academic outcomes.

Follow-up interviews

To thoroughly investigate the specific influence of 
mathematical mindset on student performance, we  conducted 
follow-up interviews with 18 students from both the control and 
intervention groups (see Table 1). The purpose of including both 
groups in the interviews was to gain a comprehensive 

understanding of how different mindsets, including fixed mindset, 
growth mindset, and mathematical mindset are conceptualized by 
students and how these mindsets influence their learning 
behaviors and academic achievement. By comparing insights from 
both groups, we aimed to identify specific effects and differences 
that the intervention might have had and to explore whether and 
how these effects differ from the control group. This approach 
allows us to isolate the impact of the intervention more clearly by 
contrasting it with the baseline data from the control group, 
thereby providing a more nuanced analysis of the 
intervention’s effectiveness.

Students were classified into three categories based on their 
mathematical performance changes: “no improvement” (score change 
from −10 to 0), “improvement” (score change from 1 to 8), and “high 

FIGURE 6

Correlation matrix comparison between intervention and control groups.

FIGURE 7

Mathematical mindset in the intervention (left) and control (right) group of the structural equation.
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improvement” (score change from 9 to 16). Notably, a growth 
mindset does not guarantee improvement, as seen in Student 2, who 
demonstrated progress with a fixed mindset, whereas Student 3, 
despite having a growth mindset, did not improve. This highlights 
that other factors, such as teaching approaches, prior knowledge, or 
personal study strategies, can significantly influence 
academic performance.

Students with a fixed mindset who showed no improvement 
in academic achievement, such as S1C and S7I, typically adhered 
to a passive learning approach. They faced significant difficulties 
in shifting to more active and SRL strategies, often relying heavily 
on external support and traditional methods. Conversely, students 
with a fixed mindset who demonstrated measurable improvement 
(improvement group), such as S2I, S11C, S13C, S14I, and S17C, 
began to incorporate elements of lifelong learning and problem-
solving into their studies. This shift underscores the critical roles 
of self-motivation, resilience, and consistent practice in 
overcoming mathematical challenges. The following reflection by 
a student (S11C) illustrates how their approach to mathematical 
challenges evolved during the intervention, demonstrating the 
integration of self-regulated learning and strategic engagement.

“When faced with mathematical challenges, I assess whether the 
problem aligns with my capabilities. If it does, I  commit fully to 
solving it. If not, I  focus on areas where I can be more effective. 
Attending lectures has been vital for active learning and developing 
personalized mnemonic strategies.” This student’s reflection 
underscores the importance of aligning one’s capabilities with 
challenges and highlights how strategic engagement, such as 
attending lectures and using mnemonic strategies, contributed to 
their improvement.

Notably, S15C and S16C exhibited high improvement in fixed 
mindset through a robust determination to confront difficulties, 

actively seeking help, learning iteratively from mistakes, and 
engaging in continuous self-reflection. These cases highlight a 
significant transition toward a growth-oriented perspective within 
the fixed mindset category. Students moving toward a growth 
mindset, including S3C, S6I, S8I, S9I, and S12C, showed increased 
adaptability and proactive problem-solving skills. They evolved 
their learning approaches to become more dynamic, engaging 
actively in social learning and embracing educational challenges. 
This transition is also reflected in the following student’s (S16I) 
journey, which highlights the impact of supportive interventions 
and a shift in mindset on their approach to mathematics.

“My journey in mathematics has seen significant growth. 
Initially, I struggled, but with supportive interventions and a shift 
in mindset, I developed a positive outlook. I now plan effectively and 
set precise goals. Tailored support and a changed perspective were 
pivotal in my success.” This reflection illustrates how a positive 
shift in mindset, along with effective planning and tailored 
support, can significantly enhance a student’s engagement and 
success in mathematics.

This departure from conventional mathematical education 
was particularly evident in students like S10I, who made 
substantial progress by integrating self-regulation strategies, 
maintaining perseverance, and sustaining interest in mathematics 
despite encountering obstacles. These findings underscore the 
pivotal role of intrinsic motivation and the ability to adjust 
learning strategies to meet the demands of a changing educational 
environment and individual challenges.

Interestingly, we found that students who had a growth mindset also 
tended to have a mathematical mindset. The only exception was one 
student who had a growth mindset but did not exhibit a mathematical 
mindset. Only S18I is not. Students with a mathematical mindset, such 
as S3C, S6I, S8I, S9I, and S12C, focused on enhancing their logical 

TABLE 1 Summary statistics for self-regulated learning, mathematical mindset, and achievement.

Categories Pre Post T-test Significance

Mean (SD) Range Mean (SD) Range

Self-regulated learning 138.3 (22.75) 72–196 144.4 (21.17) 71–196 −3.04 p < 0.01

Intervention self-

regulated learning

140(26.13) 71–196 147(25.50) 72–196 2.13 p < 0.05

Mathematical 

mindset(lower)

39.76(6.14) 21–60 36.85(8.07) 17–54 4.45 p < 0.001

Intervention 

Mathematical 

mindset(lower)

39.76(2.35) 17–60 36.37(6.00) 21–52 7.48 p < 0.001

Mathematical mindset 

(higher)

17.94(2.31) 10–23 18.1(2.55) 9–23 −0.72 n.s

Intervention 

Mathematical mindset 

(higher)

18.1(2.36) 11–23 18.1(2.55) 9–23 0.00 n.s

Mathematical 

achievement

11.35(5.66) 2–40 13.25(6.03) 0–40 −3.56 p < 0.01

Intervention 

Mathematical 

achievement

12.32(4.95) 2–20 12.45(5.96) 2–20 2.05 p < 0.05

p < 0.05, p < 0.01, *p < 0.001, n.s. (not significant).
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thinking and consistently applying learned patterns. This mindset 
facilitated a deeper understanding and more effective memorization of 
mathematical concepts. Students who demonstrated high improvement, 
such as S10I, highlighted the importance of self-regulation and 
persistence in adapting their learning strategies to their academic 
context. Those who exhibited high improvement, such as S4C, S5I, and 
S18I, excelled by aligning their learning strategies with curricular 
requirements and personal interests. Their improved mathematical 
performance was closely linked to their ability to maintain rigorous 
practice and continuously adapt their learning methodologies.

In addition to changes in mindset, substantial academic 
advancements were noted, particularly among S2I, S11C, S13C, S14I, 
and S17C. Their experiences, documented in Table 1, underscore the 
essential role of continuous learning and resilience in problem-
solving. Adaptability and rigorous practice were key to overcoming 
mathematical challenges. Notably, S10I exemplified the importance 
of self-regulation, perseverance, and sustained self-efficacy for 
mathematical progression. The epitome of elevated academic 
improvement was observed in students S15C and S16C, who 
demonstrated determination, the propensity to seek assistance, 
learning from iterative mistakes, and the intrinsic preference for self-
assessment were standout attributes. Concurrently, students S4C and 
S5I exhibited bespoke learning strategies tailored to curricular 
imperatives and individual proclivities. This dual alignment between 
SRL and a growth-oriented mindset underscores the mutable nature 
of mathematical competence, contingent on sustained practice.

To better understand these outcomes, it is essential to distinguish 
between fixed mindset, growth mindset, and mathematical mindset. 
A fixed mindset is characterized by the belief that abilities are static 
and unchangeable, as seen in students like S1c and S7I, who 
demonstrated no improvement and adhered to passive learning 
strategies. Conversely, a growth mindset involves the belief that 
abilities can be developed through effort, as observed in students like 
S10I, who improved by adapting their learning strategies and showing 
resilience. The concept of a mathematical mindset, specifically within 
the context of mathematics, goes beyond the growth mindset by 

encouraging creativity, resilience, and the value of learning from 
mistakes, which was evident in students like S4c and S5I, who showed 
high improvement by integrating rigorous practice and adaptability.

Understanding mathematical mindset and 
its impact

To understand mathematical mindset, we first compare changes 
in mathematical mindset and shifts in students’ thoughts (see 
Figure  8). We  then investigate students’ perceptions of growth 
mindset, fixed mindset, and mathematical mindset, focusing on the 
distinctions and commonalities between these concepts to clarify 
how they affect learning and academic performance. Students were 
categorized into three groups based on their performance 
trajectories—those with significant improvement, stable performance, 
and significant decline. Additionally, they were divided into control 
(C) and intervention (I) groups to assess the specific impacts of the 
educational strategies, as detailed in Table 1. This comprehensive 
approach allows us to evaluate how different mindsets and 
performance trajectories interact with the implemented strategies.

Following this, we visualized the intervention group’s impact using 
the violin plot shown in Figure 8. This plot shows the distribution and 
spread of four critical variables: higher mathematical mindset (mmh, 
red), post-intervention mathematical achievement (poma, blue), post-
intervention higher mathematical mindset (pommh, green), and 
pre-test mathematical achievement (prma, purple). Poma shows a broad 
spread, indicating diverse post-intervention achievement scores, while 
pommh has a high median and moderate spread, suggesting positive 
impacts on students’ mindsets. In contrast, mmh and prma have tighter 
clusters and lower medians, indicating more consistent and less varied 
scores. This visualization highlights how the intervention enhanced the 
mathematical mindset and diversified student achievement outcomes. 
Additionally, the plot identifies outliers, especially in mmh, with a few 
students scoring significantly higher or lower than their peers. 
Comparing the variables, poma and pommh exhibit broader 

FIGURE 8

Violin plot of post-intervention performance and mindset for intervention group.
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distributions, reflecting greater variability in post-intervention outcomes 
and mindset improvements, contrasting with the tighter spread of prma, 
which indicates more uniform pre-test achievement scores. These 
findings suggest that the intervention led to varied responses in post-
intervention mathematical achievement and mindset.

Conclusion and discussion

SRL as a driver of mathematical mindsets 
and academic achievement

Our study emphasizes the crucial role of SRL strategies in enhancing 
mathematical achievement and fostering a positive mathematical 
mindset among college freshmen. Our findings show that students who 
adopt logical thinking and systematically apply learned patterns 
experience significant improvements in their mathematical mindset 
(see Figure 8). The correlation analysis in Figure 3 further highlights 
strong positive relationships among SRL, mathematical mindset, and 
mathematics achievement, demonstrating how these elements 
collectively contribute to academic success. Additionally, Figures 5, 6 
reveal that the intervention group’s mathematical mindset and SRL 
behaviors improved notably, with SRL showing significant gains and 
mathematical achievement showing slight improvement.

The intervention also fostered measurable growth in both 
mathematical thinking and SRL, with intrinsic motivation emerging 
as a particularly influential factor. Post-test data indicate that online 
intrinsic motivation had the strongest positive effect on the 
mathematical mindset, suggesting that students who are internally 
motivated to learn develop a more resilient and adaptable mathematical 
mindset. This finding aligns with Deci and Ryan’s (2000) definition of 
intrinsic motivation, which enhances students’ engagement with 
mathematical content, goal-setting, and perseverance. Students who 
are intrinsically motivated maintain focus and effort despite difficulties, 
fostering a resilient approach to learning mathematics.

Conversely, an overemphasis on rigid planning (“poelan”) was 
associated with a negative effect on mindset, suggesting that inflexible 
planning can hinder the development of a growth-oriented mindset. 
This insight underscores the need for flexibility in SRL strategies to 
support students’ ability to adapt to challenges in mathematics. Our 
interview data (see Table  1) provide further insight into the 
relationship between a positive mathematical mindset and strong 
SRL skills. Students with constructive attitudes toward mathematics 
and robust SRL skills approach mathematical challenges with 
confidence and adaptability, reinforcing the importance of these 
attributes in overcoming academic obstacles. Improvements in SRL—
particularly in intrinsic motivation, effort regulation, and 
metacognition—corroborate Zimmerman’s (2002) framework, 
highlighting their role in academic success.

These insights demonstrate the transformative potential of 
targeted educational interventions in fostering a dynamic 
mathematical mindset and creating a culture of academic resilience. 
Our study shows that SRL strategies and a positive mathematical 
mindset substantially enhance students’ mathematical achievement. 
Educators should, therefore, prioritize these factors, implementing 
strategies that cultivate intrinsic motivation and self-regulation to 
empower students in mathematics and beyond.

Enhancing and refining mathematical 
mindsets through strategic interventions

The results of this study highlight positive shifts in students’ 
mathematical mindsets following targeted interventions, addressing 
RQ1 by exploring how these interventions influence SRL behaviors 
and mathematical performance. Analysis of data presented in Table 2 
and Figure 8, along with interview results, shows a notable shift in 
students’ mindsets, with many becoming more resilient and adaptable 
in overcoming mathematical challenges. Table 1 further illustrates 
that, when reflecting on their learning, students frequently used 
positive language, especially about their growing ability to tackle 
complex problems. This indicates a gradual shift toward a more 
growth-oriented mathematical mindset.

Inspired by Boaler et al. (2022), our intervention demonstrated a 
measurable improvement in students’ views of their abilities as 
malleable and capable of growth, fostering greater engagement and 
perseverance. These findings align with Linnenbrink and Pintrich 
(2003), who observed that growth-mindset interventions enhance 
motivation and resilience in structured academic settings, supporting 
RQ2 by showing how mindset interventions impact both academic 
achievement and the development of SRL behaviors.

Similarly, Smith and Jones (2010) reported that students focusing 
on procedural fluency still achieved high performance, especially in 
assessments emphasizing accuracy and memorization. This 
consistency underscores the value of understanding how different 
educational strategies can support students across various mindsets, 
as addressed in both RQ1 and RQ2. A particularly compelling finding 
is the substantial improvement in mathematical achievement among 
students who transitioned from a fixed to a growth mindset. Initially, 
many students perceived their mathematical abilities as fixed, leading 
to disengagement and reluctance to tackle challenges. However, the 
intervention encouraged these students to adopt a growth mindset, 
promoting the belief that effort and learning could improve their 
abilities. This shift led to higher grades and greater enthusiasm in 
tackling complex problems, aligning with RQ2’s focus on how mindset 
interventions affect academic achievement and SRL development.

Interestingly, some students with a fixed mindset also demonstrated 
high mathematical performance, likely due to reliance on procedural 
learning strategies such as repetition and memorization. These strategies 
can be  particularly effective in traditional assessments focused on 
procedural accuracy (Schmidt and Vandewalle, 2012). This aligns with 
RQ1 by suggesting that while a growth mindset may foster a more 
adaptable understanding, a fixed mindset can still yield high 
performance under specific conditions depending on SRL behaviors 
and assessment structure. Furthermore, external factors like parental 
pressure and a structured learning environment may contribute to high 
performance despite a fixed mindset, creating conditions where 
students are motivated to achieve even if they do not believe in their 
growth capacity. These findings suggest that while a growth mindset 
generally supports deeper understanding and engagement, a fixed 
mindset can effectively achieve high scores in certain contexts. 
Understanding the balance between procedural mastery and conceptual 
understanding is crucial for designing interventions that support all 
students, as both RQ1 and RQ2 imply. Despite these positive outcomes, 
final interviews revealed that students’ understanding of a mathematical 
mindset remained somewhat superficial. To fully appreciate the impact 
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of the intervention, it is essential to distinguish between a fixed mindset, 
a growth mindset, and a mathematical mindset (Dweck, 2006).

A fixed mindset is characterized by the belief that abilities are static 
and unchangeable, often leading to challenge avoidance and fear of 
failure. In contrast, a growth mindset reflects the belief that abilities can 
improve with effort and perseverance. The concept of a mathematical 
mindset, introduced by Boaler (2016), builds specifically on the growth 
mindset in the context of mathematics. It emphasizes resilience, 
adaptability, and the importance of learning from mistakes, encouraging 
flexibility and creativity in approaching mathematical problems. These 

distinctions also reveal potential cultural influences. For example, 
Chinese students often view mathematics as a series of logical 
procedures, shaped by educational practices emphasising rote learning 
and mastery of algorithms (Cai, 2003; Wong, 2017). This approach 
fosters procedural mastery but may limit flexibility and creativity. Our 
findings, shown in Table 1, indicate that while some students equate a 
mathematical mindset solely with logical reasoning, a broader 
mathematical mindset encompasses not only procedural fluency but 
also problem-solving, creativity, and adaptability. Cai et al. (2004) note 
that cultural expectations significantly shape students’ attitudes and 

TABLE 2 Student traits and improvements in mindsets.

Fixed mindset

Students Characteristics from student interviews

No improvement S1c, S7I Emphasizing the shift from passive to active learning, their 

strategies for overcoming challenges, the role of support, and 

the importance of SRL.

Improvement S2I, S11c, S13c, S14I, S17c Emphasizing the philosophy of lifelong learning and 

problem-solving through a growth mindset, as well as the 

importance of self-motivation, resilience, flexibility, and 

consistent practice in overcoming challenges, particularly 

within mathematics learning.

High improvement S15c, S16c Emphasizing a determination to overcome challenges, the 

willingness to seek help and learn from mistakes, consistent 

practice of self-reflection and reassessment of one’s own 

understanding, and the resilience to keep trying despite 

difficulties.

Students Common traits

Growth mindset

No improvement S3c, S6I, S8I, S9I, S12c Emphasizing learning in other areas is characterized by a 

more flexible approach, adapting to the nature of the 

field, problem-solving, and adopting social learning 

from peers.

Improvement S10I Emphasizing SRL is about adjusting and changing your 

learning strategies based on the environment and 

university context. When faced with difficulty or 

frustration, persistence and maintaining interest in the 

subject, alongside investing substantial time, are crucial. 

Continuous self-assurance of your capabilities is part of 

this self-regulatory process.

High improvement S4c, S5I, S18I Emphasizing adapting your learning strategies based on 

class requirements and your own interests, showing 

self-regulation in learning.

Mathematical mindset

No improvement S3c, S6I, S8I, S9I, S12c Emphasizing on pattern recognition and logical 

thinking, mathematical mindset is about consistently 

understanding, memorizing, and applying solution 

templates while actively seeking help when needed.

Improvement S10I Emphasizing on growth and evolution through practice 

and training, challenging the fixed mindset for 

mathematics learning.

High improvement S4c, S5I Emphasizing on the belief that mathematics abilities can 

improve through practice.

c, control and I, intervention.
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beliefs toward mathematics, which impacts their approach to learning. 
In response, future interventions should redefine and expand students’ 
understanding of a mathematical mindset, as recommended by Boaler 
(2016), to include procedural skills alongside broader competencies.

By integrating these concepts into the curriculum, educators can help 
students develop a holistic understanding of mathematics, equipping 
them to approach challenges with both flexibility and innovation. This 
approach supports the findings in both RQ1 and RQ2, suggesting that a 
balanced focus on mindset and SRL strategies can foster academic 
resilience and a richer, more adaptable understanding of mathematics.

Limitations and recommendations for 
practice

This study has several limitations that should guide future research 
and practice. One limitation is the absence of a follow-up period to assess 
the long-term effects of the two-month online video intervention. While 
the immediate impact on learning motivation was observed, the 
sustainability of these effects over time remains unknown. Future research 
should include follow-up assessments to determine whether changes in 
mindset and academic improvement persist. Additionally, the study’s 
relatively narrow sample—primarily focused on university students taking 
higher mathematics as a foundational course—limits the generalizability 
of findings. Expanding the sample to include students from various 
disciplines and institutions could broaden the applicability of the results.

Another limitation is the cross-sectional design, which captures only 
a snapshot of the intervention’s effects. Future studies could adopt a 
longitudinal approach with larger sample sizes to track students over 
time, providing deeper insights into how mindset interventions impact 
academic success and SRL behaviors across educational stages. Such an 
approach would allow for a more comprehensive exploration of the 
sustained influence of educational interventions on students’ mindset 
orientations and long-term academic outcomes. Mixed-method 
approaches are also recommended to gain richer, qualitative insights into 
the intricate dynamics of mathematical learning processes, ultimately 
contributing to a more nuanced understanding of effective educational 
practices. The role of teachers is crucial in implementing mindset-based 
educational interventions, though it is not a limitation per se. For teachers 
aiming to foster positive mathematical mindsets, comprehensive training 
is essential to ensure a solid understanding of mindset theory and SRL 
principles (Boaler, 2019). In addition, the intervention design should 
emphasize timely and personalized feedback, which is instrumental in 
reinforcing student engagement and confidence in challenging subjects 
like mathematics (Hattie and Timperley, 2007). Immediate feedback 
allows students to address errors early on, preventing misconceptions 
from solidifying, while personalized feedback caters to each student’s 
unique needs, making learning more targeted and effective.

To further support engagement and SRL development, 
incorporating animations and multimedia resources can make abstract 
mathematical concepts more accessible and interesting (Mayer, 2002). 
Encouraging students to develop SRL strategies helps them take control 
of their own learning, leading to improved outcomes (Zimmerman, 
2002). Since many students find mathematics challenging, integrating 
real-life applications and problem-solving projects that connect 
mathematical concepts to practical scenarios can enhance relevance 
and reduce anxiety (Boaler, 2016). Embedding these strategies into the 
curriculum fosters a positive, resilient mathematical mindset, which is 
essential for sustained academic success.

Declarations

In our study, we adhered to the highest ethical standards and 
obtained approval from the Human Research Ethics Committee 
(HREC) of The Education University of Hong Kong. Our research 
project, titled “Developing Students’ Mathematical Mindsets for Self-
Regulated Learning: A Case Study of a Calculus Course in a Chinese 
University,” received approval under reference number 2022–2023-
0193 for the period from January 5, 2023, to December 31, 2023. All 
participants provided informed consent, were informed of the 
research purpose, procedures, potential risks, and benefits, and were 
assured that their privacy and confidentiality would be maintained. 
(Ethical Approval No.: 2022–2023-0193).

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding author.

Ethics statement

The studies involving humans were approved by Human Research 
Ethics Committee, The Education University of Hong Kong. The 
studies were conducted in accordance with the local legislation and 
institutional requirements. The participants provided their written 
informed consent to participate in this study.

Author contributions

XX: Conceptualization, Data curation, Formal analysis, 
Investigation, Methodology, Software, Writing – original draft, 
Writing – review & editing. JB: Writing – review & editing. QZ: 
Writing – review & editing.

Funding

The author(s) declare that no financial support was received for 
the research, authorship, and/or publication of this article.

Acknowledgments

Part of the data analysis was conducted using R, which included 
the integration of AI-generated code to optimize efficiency and 
accuracy. The AI-assisted components were reviewed and validated 
to ensure the reliability of the results.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

https://doi.org/10.3389/fpsyg.2024.1494702
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Xu et al. 10.3389/fpsyg.2024.1494702

Frontiers in Psychology 16 frontiersin.org

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or claim 
that may be made by its manufacturer, is not guaranteed or endorsed 
by the publisher.

References
Allison, P. D. (2009). “Missing data” in The SAGE handbook of quantitative methods 

in psychology. eds. R. E. Millsap and A. Maydeu-Olivares (Cham: Sage Publications 
Ltd), 72–89.

Artino, A. (2007). Motivational beliefs and perceptions of instructional quality: 
predicting satisfaction with online training. J. Comput. Assist. Learn. 24, 260–270. doi: 
10.1111/j.1365-2729.2007.00258.x

Ayu, M. (2020). Online learning: leading e-learning at higher education. J. Engl. Liter. 
Educ. 7, 47–54. doi: 10.36706/jele.v7i1.11515

Blackwell, L. S., Trzesniewski, K. H., and Dweck, C. S. (2007). Implicit theories 
of intelligence predict achievement across an adolescent transition: a longitudinal 
study and an intervention. Child Dev. 78, 246–263. doi: 
10.1111/j.1467-8624.2007.00995.x

Boaler, J. (2013). Ability and mathematics: the mindset revolution that is reshaping 
education. Forum 55, 143–152. doi: 10.2304/forum.2013.55.1.143

Boaler, J. (2016). Mathematical mindsets: Unleashing students' potential through 
creative mathematics, inspiring messages and innovative teaching. San Francisco, CA: 
Jossey-Bass.

Boaler, J. (2019). Mathematical mindset online course: discussion guide. Available at: 
https://www.youcubed.org/wp-content/uploads/2019/07/Study-Guide-6.14.19.pdf 
(Accessed Decemeber 8, 2024).

Boaler, J. (2023). Mathematical mindsets [online course]: Stanford Online.

Boaler, J., Brown, K., Lamar, T., Leshin, M., and Selbach-Allen, M. (2022). Infusing 
mindset through mathematical problem solving and collaboration: studying the impact 
of a short college intervention. Educ. Sci. 12:694. doi: 10.3390/educsci12100694

Boaler, J., Dieckmann, J. A., Lamar, T., Leshin, M., Selbach-Allen, M., and 
Pérez-Núñez, G. (2021). The transformative impact of a mathematical mindset 
experience taught at scale. Front. Educ. 6:784393. doi: 10.3389/feduc.2021.784393

Boaler, J., Dieckmann, J. A., Pérez-Núñez, G., Sun, K. L., and Williams, C. (2018). 
Changing students minds and achievement in mathematics: the impact of a free online 
student course. Front. Educ. 3:367600. doi: 10.3389/feduc.2018.00026

Boeije, H., and Willis, G. (2013). The cognitive interviewing reporting framework 
(CIRF). Methodology 9, 87–95. doi: 10.1027/1614-2241/a000075

Boekaerts, M., and Corno, L. (2005). Self-regulation in the classroom: a perspective 
on assessment and intervention. Appl. Psychol. 54, 199–231. doi: 
10.1111/j.1464-0597.2005.00205.x

Broadbent, J., Panadero, E., Lodge, J., and Fuller-Tyszkiewicz, M. (2023). The self-
regulation for learning online (SRL-O) questionnaire. Metacogn. Learn. 18, 135–163. 
doi: 10.1007/s11409-022-09319-6

Broadbent, J., and Poon, W. (2015). Self-regulated learning strategies & academic 
achievement in online higher education learning environments: a systematic review. 
Internet High. Educ. 27, 1–13. doi: 10.1016/j.iheduc.2015.04.007

Cai, J. (2003). Singaporean students' mathematical thinking in problem solving and 
problem posing: an exploratory study. Int. J. Math. Educ. Sci. Technol. 34, 719–737. doi: 
10.1080/00207390310001595401

Cai, J., Lin, F., and Fan, L. (2004). “How do Chinese learn mathematics? Some 
evidence-based insights and needed directions” in Series on mathematical education. 
eds. M. Niss, L. N. Hoe and J. Kilpatrick (Singapore: World Scientific), 535–554.

Cassidy, S. (2011). Self-regulated learning in higher education: identifying key 
component processes. Stud. High. Educ. 36, 989–1000. doi: 
10.1080/03075079.2010.503269

Champion, J., and Mesa, V. (2018). Pathways to calculus in US high schools. Primus 
28, 508–527. doi: 10.1080/10511970.2017.1315473

Cleary, T. J., and Chen, P. P. (2009). Self-regulation, motivation, and math achievement 
in middle school: variations across grade level and math context. J. Sch. Psychol. 47, 
291–314. doi: 10.1016/j.jsp.2009.04.002

Cleary, T. J., and Zimmerman, B. J. (2004). Self-regulation empowerment program: a 
school-based program to enhance self-regulated and self-motivated cycles of student 
learning. Psychol. Sch. 41, 537–550. doi: 10.1002/pits.10177

D’Lima, G. M., Winsler, A., and Kitsantas, A. (2014). Ethnic and gender differences 
in first-year college students’ goal orientation, self-efficacy, and extrinsic and intrinsic 
motivation. J. Educ. Res. 107, 341–356. doi: 10.1080/00220671.2013.823366

Deberard, M. S., Spielmans, G. I., and Julka, D. L. (2004). Predictors of academic 
achievement and retention among college freshmen: a longitudinal study. Coll. Stud. J. 
38, 66–80.

Deci, E. L., and Ryan, R. M. (2000). The "what" and "why" of goal pursuits: human 
needs and the self-determination of behavior. Psychol. Inq. 11, 227–268. doi: 10.1207/
S15327965PLI1104_01

Dignath, C., Buettner, G., and Langfeldt, H. P. (2008). How can primary school 
students learn self-regulated learning strategies most effectively?: a meta-analysis on 
self-regulation training programmes. Educ. Res. Rev. 3, 101–129. doi: 10.1016/j.
edurev.2008.02.003

Duckworth, A. L., Peterson, C., Matthews, M. D., and Kelly, D. R. (2007). Grit: 
perseverance and passion for long-term goals. J. Pers. Soc. Psychol. 92, 1087–1101. doi: 
10.1037/0022-3514.92.6.1087

Dumford, A. D., and Miller, A. L. (2018). Online learning in higher education: 
exploring advantages and disadvantages for engagement. J. Comput. High. Educ. 30, 
452–465. doi: 10.1007/s12528-018-9179-z

Dweck, C. S. (2006). Mindset: The new psychology of success. New york: Random House.

Dweck, C. S. (2017). From needs to goals and representations: foundations for a 
unified theory of motivation, personality, and development. Psychol. Rev. 124, 689–719. 
doi: 10.1037/rev0000082

Dweck, C. S., Chiu, C. Y., and Hong, Y. Y. (1995). Implicit theories and their role in 
judgments and reactions: a word from two perspectives. Psychol. Inq. 6, 267–285. doi: 
10.1207/s15327965pli0604_1

Dweck, C. S., and Leggett, E. L. (1988). A social-cognitive approach to motivation and 
personality. Psychol. Rev. 95, 256–273. doi: 10.1037/0033-295X.95.2.256

Dweck, C. S., and Master, A. (2009). “Self-theories and motivation: students’ beliefs 
about intelligence” in Handbook of motivation at school. eds. K. R. Wenzel and A. 
Wigfield (London: Routledge), 123–140.

Dweck, C. S., Walton, G. M., and Cohen, G. L. (2014). Academic tenacity: Mindsets 
and skills that promote long-term learning. Seattle, CA: Bill & Melinda Gates Foundation.

Esparza Masana, R., and Cebrián, D. M. (2024). The role of mathematics in students’ 
performance in economics and business undergraduate courses. Available at: https://
papers.ssrn.com/sol3/papers.cfm?abstract_id=4776559 (Accessed December 08, 2024).

Fan, L., and Zhu, Y. (2004). “How have Chinese students performed in mathematics?: 
a perspective from large-scale international mathematics comparisons” in How Chinese 
learn mathematics: Perspectives from insiders. eds. L. Fan, N. Y. Wong, J. Cai and S. Li 
(Singapore: World Scientific), 3–26.

Freeman, T. M., Anderman, L. H., and Jensen, J. M. (2007). Sense of belonging in 
college freshmen at the classroom and campus levels. J. Exp. Educ. 75, 203–220. doi: 
10.3200/jexe.75.3.203-220

Froiland, J. M., and Davison, M. L. (2016). The longitudinal influences of peers, 
parents, motivation, and mathematics course-taking on high school math achievement. 
Learn. Individ. Differ. 50, 252–259. doi: 10.1016/j.lindif.2016.07.012

George, D., and Mallery, P. (2003). SPSS for windows step by step: A simple guide and 
reference. 4th Edn. Boston, MA, USA: Allyn & Bacon.

Good, C., Aronson, J., and Inzlicht, M. (2003). Improving adolescents’ standardized 
test performance: an intervention to reduce the effects of stereotype threat. J. Appl. Dev. 
Psychol. 24, 645–662. doi: 10.1016/j.appdev.2003.09.002

Goodman, J. I., Hazelkorn, M., Bucholz, J. L., Duffy, M. L., and Kitta, Y. (2011). 
Inclusion and graduation rates: what are the outcomes? J. Disabil. Policy Stud. 21, 
241–252. doi: 10.1177/1044207310394449

Hattie, J. (2009). Visible learning: A synthesis of over 800 meta-analyses relating to 
achievement. London: Routledge.

Hattie, J., and Donoghue, G. M. (2016). Learning strategies: a synthesis and conceptual 
model. Npj Sci. Learn. 1:16013. doi: 10.1038/npjscilearn.2016.13

Hattie, J., and Timperley, H. (2007). The power of feedback. Rev. Educ. Res. 77, 81–112. 
doi: 10.3102/003465430298487

Hegedus, S. J., Tapper, J., and Dalton, S. (2016). Exploring how teacher-related factors 
relate to student achievement in learning advanced algebra in technology-enhanced 
classrooms. J. Math. Teach. Educ. 19, 7–32. doi: 10.1007/s10857-014-9292-5

Hiebert, J., and Lefevre, P. (2013). “Conceptual and procedural knowledge in 
mathematics: an introductory analysis” in Conceptual and procedural knowledge. ed. J. 
Hiebert (Routledge), 1, London–27.

Huang, C. S., Su, A. Y., Yang, S. J., and Liou, H. H. (2017). A collaborative digital 
pen learning approach to improving students' learning achievement and motivation 
in mathematics courses. Comput. Educ. 107, 31–44. doi: 10.1016/j.
compedu.2016.12.014

https://doi.org/10.3389/fpsyg.2024.1494702
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1111/j.1365-2729.2007.00258.x
https://doi.org/10.36706/jele.v7i1.11515
https://doi.org/10.1111/j.1467-8624.2007.00995.x
https://doi.org/10.2304/forum.2013.55.1.143
https://www.youcubed.org/wp-content/uploads/2019/07/Study-Guide-6.14.19.pdf
https://doi.org/10.3390/educsci12100694
https://doi.org/10.3389/feduc.2021.784393
https://doi.org/10.3389/feduc.2018.00026
https://doi.org/10.1027/1614-2241/a000075
https://doi.org/10.1111/j.1464-0597.2005.00205.x
https://doi.org/10.1007/s11409-022-09319-6
https://doi.org/10.1016/j.iheduc.2015.04.007
https://doi.org/10.1080/00207390310001595401
https://doi.org/10.1080/03075079.2010.503269
https://doi.org/10.1080/10511970.2017.1315473
https://doi.org/10.1016/j.jsp.2009.04.002
https://doi.org/10.1002/pits.10177
https://doi.org/10.1080/00220671.2013.823366
https://doi.org/10.1207/S15327965PLI1104_01
https://doi.org/10.1207/S15327965PLI1104_01
https://doi.org/10.1016/j.edurev.2008.02.003
https://doi.org/10.1016/j.edurev.2008.02.003
https://doi.org/10.1037/0022-3514.92.6.1087
https://doi.org/10.1007/s12528-018-9179-z
https://doi.org/10.1037/rev0000082
https://doi.org/10.1207/s15327965pli0604_1
https://doi.org/10.1037/0033-295X.95.2.256
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4776559
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4776559
https://doi.org/10.3200/jexe.75.3.203-220
https://doi.org/10.1016/j.lindif.2016.07.012
https://doi.org/10.1016/j.appdev.2003.09.002
https://doi.org/10.1177/1044207310394449
https://doi.org/10.1038/npjscilearn.2016.13
https://doi.org/10.3102/003465430298487
https://doi.org/10.1007/s10857-014-9292-5
https://doi.org/10.1016/j.compedu.2016.12.014
https://doi.org/10.1016/j.compedu.2016.12.014


Xu et al. 10.3389/fpsyg.2024.1494702

Frontiers in Psychology 17 frontiersin.org

Kitsantas, A., Cleary, T. J., Whitehead, A., and Cheema, J. (2021). Relations among 
classroom context, student motivation, and mathematics literacy: a social cognitive 
perspective. Metacogn. Learn. 16, 255–273. doi: 10.1007/s11409-020-09249-1

Kramarski, B., and Mizrachi, N. (2006). Online discussion and self-regulated learning: 
effects of instructional methods on mathematical literacy. J. Educ. Res. 99, 218–231. doi: 
10.3200/JOER.99.4.218-231

Krumrei-Mancuso, E. J., Newton, F. B., Kim, E., and Wilcox, D. (2013). Psychosocial 
factors predicting first-year college student success. J. Coll. Stud. Dev. 54, 247–266. doi: 
10.1353/csd.2013.0034

Kulik, C. C., Kulik, J. A., and Shwalb, B. J. (1983). College programs for high-risk and 
disadvantaged students: a meta-analysis of findings. Rev. Educ. Res. 53, 397–414. doi: 
10.3102/00346543053003397

Lajoie, S. P. (2008). Metacognition, self regulation, and self-regulated learning: a rose 
by any other name? Educ. Psychol. Rev. 20, 469–475. doi: 10.1007/s10648-008-9088-1

Lei, P., Kong, W., Han, S., Lv, S., and Wang, X. (2022). The mathematical culture in test 
items of national college entrance examination in China from 1978 to 2021. Mathematics 
10:3987. doi: 10.3390/math10213987

Leikin, R. (2009). “Exploring mathematical creativity using multiple solution tasks” 
in Creativity in mathematics and the education of gifted students. eds. R. Leikin, A. 
Berman and B. Koichu (The NetherlandsSense Publishers), 129–145.

Levine, P. B., and Zimmerman, D. J. (1995). The benefit of additional high-school 
math and science classes for young men and women. J. Bus. Econ. Stat. 13, 137–149. doi: 
10.1080/07350015.1995.10524588

Li, J., Ye, H., Tang, Y., Zhou, Z., and Hu, X. (2018). What are the effects of self-
regulation phases and strategies for Chinese students? A meta-analysis of two decades 
research of the association between self-regulation and academic performance. Front. 
Psychol. 9:2434. doi: 10.3389/fpsyg.2018.02434

Linnenbrink, E. A., and Pintrich, P. R. (2003). The role of self-efficacy beliefs in 
student engagement and learning in the classroom. Read. Writ. Q. 19, 119–137. doi: 
10.1080/10573560308223

Little, R. J. A., and Rubin, D. B. (2019). Statistical analysis with missing data. 3rd Edn. 
Hoboken, NJ, USA: John Wiley & Sons.

Liu, Z., Yin, H., Cui, W., Xu, B., and Zhang, M. (2021). How to reflect more effectively 
in online video learning: balancing processes and outcomes. Br. J. Educ. Technol. 53, 
114–129. doi: 10.1111/bjet.13155

Mayer, R. E. (2002). Multimedia learning. Cambridge, MA: Cambridge University Press.

National Council of Teachers of Mathematics (2014). Principles to actions: Ensuring 
mathematics success for all. Boston, MA, USA: National Council of Teachers of Mathematics.

Nota, L., Soresi, S., and Zimmerman, B. J. (2004). Self-regulation and academic 
achievement and resilience: a longitudinal study. Int. J. Educ. Res. 41, 198–215. doi: 
10.1016/j.ijer.2005.07.001

Opfer, V. D., and Pedder, D. (2011). Conceptualizing teacher professional learning. 
Rev. Educ. Res. 81, 376–407. doi: 10.3102/0034654311413609

Perels, F., Merget-Kullmann, M., Wende, M., Schmitz, B., and Buchbinder, C. (2009). 
Improving self-regulated learning of preschool children: evaluation of training for 
kindergarten teachers. Br. J. Educ. Psychol. 79, 311–327. doi: 10.1348/000709908x322875

Pintrich, P. R. (2004). A conceptual framework for assessing motivation and self-
regulated learning in college students. Educ. Psychol. Rev. 16, 385–407. doi: 10.1007/
s10648-004-0006-x

Pintrich, P. R., and De Groot, E. V. (1990). Motivational and self-regulated learning 
components of classroom academic performance. J. Educ. Psychol. 82, 33–40. doi: 
10.1037//0022-0663.82.1.33

Rattan, A., Good, C., and Dweck, C. S. (2012). “It's ok—not everyone can be good at 
math”: instructors with an entity theory comfort (and demotivate) students. J. Exp. Soc. 
Psychol. 48, 731–737. doi: 10.1016/j.jesp.2011.12.012

Sax, L. J., Gilmartin, S. K., and Bryant, A. N. (2002). Assessing response rates and 
nonresponse bias in web and paper surveys. Res. High. Educ. 44, 409–432. doi: 
10.1023/A:1024232915870

Schmidt, W. H., Burroughs, N. A., Zoido, P., and Houang, R. T. (2015). The role of 
schooling in perpetuating educational inequality: an international perspective. Educ. 
Res. 44, 371–386. doi: 10.3102/0013189X15603982

Schmidt, F. L., and Vandewalle, D. (2012). Fixed mindset and performance outcomes: 
the role of procedural repetition and memorization in academic success. Learn. Individ. 
Differ. 22, 498–504. doi: 10.1016/j.lindif.2012.03.014

Schunk, D. H. (2005). Self-regulated learning: the educational legacy of Paul R. 
Pintrich. Educ. Psychol. 40, 85–94. doi: 10.1207/s15326985ep4002_3

Silver, E. A. (1997). Fostering creativity through instruction rich in mathematical 
problem solving and problem posing. ZDM Math. Educ. 29, 75–80. doi: 10.1007/
s11858-997-0003-x

Smith, J. L., and Jones, R. A. (2010). The effectiveness of procedural fluency and rote 
memorization in mathematical assessments. J. Educ. Psychol. 36, 662–672. doi: 10.1037/
a0018390

Srivastava, A., and Thomson, S. B. (2009). Framework analysis: a qualitative 
methodology for applied policy research. J. Adm. Gov. 4, 72–79.

Stewart, S., and Thomas, M. O. (2009). A framework for mathematical thinking: the 
case of linear algebra. Int. J. Math. Educ. Sci. Technol. 40, 951–961. doi: 
10.1080/00207390903200984

Sun, Z., Xie, K., and Anderman, L. H. (2018). The role of self-regulated learning in 
students’ success in flipped undergraduate math courses. Internet High. Educ. 36, 41–53. 
doi: 10.1016/j.iheduc.2017.09.003

Tang, H., Datu, J. A. D., Liu, Z., Shen, J., and Xing, Q. (2023). The engaged lives of 
encouraged students: academic encouragement, grit and academic engagement in 
Chinese first year undergraduate students. Curr. Psychol. 42, 19526–19536. doi: 10.1007/
s12144-022-03057-3

Theobald, M. (2021). Self-regulated learning training programs enhance university 
students’ academic performance, self-regulated learning strategies, and motivation: a 
meta-analysis. Contemp. Educ. Psychol. 66:101976. doi: 10.1016/j.cedpsych.2021. 
101976

Wong, N. Y. (2017). “The cultural context for Chinese learners: conceptions of 
learning mathematics” in Cultural foundations of learning: East and west. eds. S. Chan 
and H. Yang (Berlin: Springer), 93–114.

Ye, Z., Jiang, L., Li, Y., Wang, Z., Zhang, G., and Chen, H. (2022). Analysis of 
differences in self-regulated learning behavior patterns of online learners. Electronics 
11:4013. doi: 10.3390/electronics11234013

Yeager, D. S., Walton, G. M., Paunesku, D., and Romero, C. (2019). How can we instill 
productive mindsets at scale? A review of the evidence and an initial R&D agenda. 
Behav. Sci. Policy 5, 64–87.

Zimmerman, B. J. (2002). Becoming a self-regulated learner: an overview. Theory 
Pract. 41, 64–70. doi: 10.1207/s15430421tip4102_2

Zimmerman, B. J., and Martinez-Pons, M. (1990). Student differences in self-regulated 
learning: relating grade, sex, and giftedness to self-efficacy and strategy use. J. Educ. 
Psychol. 82, 51–59. doi: 10.1037/0022-0663.82.1.51

Zimmerman, B. J., and Schunk, D. H. (2011). Handbook of self-regulation of learning 
and performance. Routledge.

https://doi.org/10.3389/fpsyg.2024.1494702
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1007/s11409-020-09249-1
https://doi.org/10.3200/JOER.99.4.218-231
https://doi.org/10.1353/csd.2013.0034
https://doi.org/10.3102/00346543053003397
https://doi.org/10.1007/s10648-008-9088-1
https://doi.org/10.3390/math10213987
https://doi.org/10.1080/07350015.1995.10524588
https://doi.org/10.3389/fpsyg.2018.02434
https://doi.org/10.1080/10573560308223
https://doi.org/10.1111/bjet.13155
https://doi.org/10.1016/j.ijer.2005.07.001
https://doi.org/10.3102/0034654311413609
https://doi.org/10.1348/000709908x322875
https://doi.org/10.1007/s10648-004-0006-x
https://doi.org/10.1007/s10648-004-0006-x
https://doi.org/10.1037//0022-0663.82.1.33
https://doi.org/10.1016/j.jesp.2011.12.012
https://doi.org/10.1023/A:1024232915870
https://doi.org/10.3102/0013189X15603982
https://doi.org/10.1016/j.lindif.2012.03.014
https://doi.org/10.1207/s15326985ep4002_3
https://doi.org/10.1007/s11858-997-0003-x
https://doi.org/10.1007/s11858-997-0003-x
https://doi.org/10.1037/a0018390
https://doi.org/10.1037/a0018390
https://doi.org/10.1080/00207390903200984
https://doi.org/10.1016/j.iheduc.2017.09.003
https://doi.org/10.1007/s12144-022-03057-3
https://doi.org/10.1007/s12144-022-03057-3
https://doi.org/10.1016/j.cedpsych.2021.101976
https://doi.org/10.1016/j.cedpsych.2021.101976
https://doi.org/10.3390/electronics11234013
https://doi.org/10.1207/s15430421tip4102_2
https://doi.org/10.1037/0022-0663.82.1.51


Xu et al. 10.3389/fpsyg.2024.1494702

Frontiers in Psychology 18 frontiersin.org

Appendix. Interview questions

 1. Explain your concept of the growth mindset, fixed mindset, and mathematical mindset.
 2. Explain your understanding of self-regulation. What are your self-regulated strategies, when you are learning mathematics? How to use it?
 3. How would you describe your mindset when it comes to mathematics learning?
 4. Where do you see you struggle in math, and what barriers prevent you from experiencing success?
 5. Are you confident about learning math? Could you explain it?
 6. What have you done to try and motivate yourself to learn mathematics?
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