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Abstract

In an era of increasing societal complexity and rapid change,
developing mathematical creative thinking has become a
central challenge in mathematics education worldwide,
particularly in cognitively demanding domains such as integral
calculus. While conceptual understanding remains
fundamental, research indicates that students’ engagement in
creative mathematical problem solving is strongly influenced by
dispositional and metacognitive factors. Among these, habits of
mind are increasingly recognized as essential in supporting
persistence, flexibility, and reflective thinking when students
confront complex mathematical problems. This study
investigates the relationship between habits of mind and
mathematical creative thinking among undergraduate
mathematics education students enrolled in an integral calculus
course. Using a correlational research design, data were
collected from 60 students through a habits of mind
questionnaire and an open-ended mathematical creative
thinking test assessing fluency, flexibility, and originality. The
findings show that participants’ habits of mind and
mathematical creative thinking were generally underdeveloped,
with most students falling within moderate to low achievement
categories. Correlation analysis revealed a very strong positive
association between the two variables, indicating that students
with more developed habits of mind tend to demonstrate higher
levels of creative thinking in integral calculus. Habits of mind
accounted for a substantial proportion of variance in students’
mathematical creative thinking, providing empirical support for
their role as a dispositional foundation for creative thinking in
advanced mathematics learning. These findings underscore the
importance of instructional approaches that intentionally
cultivate students’ habits of mind alongside conceptual
understanding to foster sustained creative mathematical
engagement.
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Introduction

Mathematics education is globally positioned as a strategic field that plays a crucial role
in preparing individuals to respond to the intellectual demands of contemporary society.
Beyond its traditional function in procedural problem solving, mathematics education makes a
fundamental contribution to cognitive development, logical reasoning, and the formation of
adaptive ways of thinking (Sari, Wahyuni, & Rosmaiyadi, 2016; Sheromova et al., 2020; Rohman,
Syaifudin, & Astiswijaya, 2021; Siregar & Dewi, 2022). In an era of rapid technological
advancement and increasing societal complexity, mathematics learning is closely associated
with the development of essential 21st-century skills, particularly creativity, adaptability, and
complex problem-solving abilities. Within this context, mathematical creative thinking should
be understood as a necessary response to these growing challenges, rather than merely as a
desirable learning outcome. Mathematical creative thinking is understood as the ability to
generate multiple correct methods and solutions through flexible, original, and reflective
thinking when confronting problematic situations (Ginting et al., 2025; Aulia et al., 2025; Sipahi
& Bahar, 2025). Mathematical creative thinking involves the ability to generate ideas fluently,
apply flexible strategies, produce original solutions, and explore multiple valid solution
pathways when solving mathematical problems. Therefore, fostering mathematical creative
thinking skills is not an optional competency, but a core educational objective aimed at
preparing future generations to confront diverse and complex problems. However, despite the
recognized importance of developing mathematical creative thinking, efforts to cultivate this
ability in mathematics learning practices continue to face complex challenges, thereby requiring
deeper pedagogical and psychological attention.

Mathematical creative thinking skills can be developed through various mathematics
courses, one of which is integral calculus, an essential component of undergraduate
mathematics education. Integral calculus inherently demands higher-order thinking, as
students are required not only to master procedures but also to understand abstract concepts,
interconceptual relationships, and the underlying mathematical structures. In learning integral
calculus, students are encouraged to recognize patterns, engage in abstraction, and make
generalizations, while simultaneously considering multiple possible problem-solving strategies.
Given these characteristics, integral calculus represents a cognitively demanding domain in
which students must regulate their thinking, flexibly shift strategies, and tolerate uncertainty
during problem solving (Ariawan & Nufus, 2017; Solfitri et al., 2024). This characterization
highlights integral calculus as a cognitively demanding domain in which students must actively
regulate their thinking, adapt problem-solving strategies, and engage creatively with abstract
mathematical ideas. Therefore, the calculus course is an appropriate context for studying
mathematical creative thinking skills, because success in learning calculus is not only
determined by mastery of procedures, but also by students' ability to understand concepts,
adapt strategies, and think creatively and reflectively. These cognitive demands require students
to consciously regulate their thinking processes, persist in the face of non-routine problems,
and flexibly explore various alternative solutions. This condition emphasizes the relevance of
thinking dispositions such as habits of mind in supporting student engagement in facing
complexity and in generating flexible and original solutions to calculus problems.
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However, numerous empirical findings indicate that students consistently experience
difficulties in achieving optimal levels of mathematical creative thinking, both in understanding
and solving problems and in developing diverse alternative solutions, particularly for non-
routine tasks (Fineldi & Hidayati, 2023; Hamid et al., 2025; Indrapangastuti et al., 2025). In line
with these findings, students frequently encounter obstacles when faced with problems that
require more than one correct solution, reflecting limitations in flexibility and strategic
exploration during problem solving (Solfitri & Siregar, 2021). The low achievement of
mathematical creative thinking skills is also reflected in attainment percentages below 50%
across all indicators of mathematical creative thinking (Sarassanti & Mutazam, 2019). The
results of another study revealed that only high-ability students were able to complete tests of
mathematical creative thinking ability, while medium-ability students could only solve
questions related to the fluency indicator, and low-ability students were unable to solve the test
items at all (Huljannah et al., 2018). Taken together, these findings suggest that the challenge
of developing mathematical creative thinking is not merely rooted in students’ conceptual
understanding or instructional exposure, but is closely related to deeper cognitive and
psychological factors that shape how students regulate, sustain, and flexibly direct their
thinking when engaging with complex mathematical tasks.

One psychological construct that is increasingly recognized as essential in supporting
mathematical creative thinking is the habits of mind. Habits of mind represent a cognitive—
metacognitive construct that supports intentional, reflective, and strategic thinking processes
when individuals encounter complex problems. In mathematics learning, habits of mind involve
awareness of one’s thinking processes, the ability to plan and select appropriate strategies,
sensitivity to feedback, and evaluation of actions taken during problem solving (Ramlah & Maya,
2018). Research indicates that well-developed habits of mind are reflected in positive
dispositions such as positive thinking, creativity, innovation, self-confidence, curiosity, and
independence in learning mathematics (Nurmala et al., 2019). In line with this perspective,
several studies emphasize that creativity in mathematics develops through the interaction
between cognitive abilities and thinking dispositions, such as openness to new ideas,
reflectivity, and willingness to explore multiple possible solutions (Newton et al., 2022; Ibrahim
et al., 2024; Geng et al., 2025). In this context, habits of mind act as a psychological foundation
that enables students to consciously regulate their thinking processes, maintain productive
engagement in solving challenging problems, and develop divergent thinking as a basis for
producing flexible and original mathematical solutions.

The theoretical alignment between habits of mind and mathematical creative thinking
can be clearly understood through established frameworks proposed by Costa and Kallick, as
well as Marzano. Costa and Kallick conceptualize habits of mind as intelligent behaviors
activated when individuals face novel, complex, and non-routine problems, conditions that are
characteristic of creative mathematical problem solving. Marzano classifies habits of mind into
self-regulation, critical thinking, and creative thinking (Masiah & Adawiyah, 2018). While
creative thinking represents an important outcome of these habits, self-regulation plays a more
fundamental role, as it enables learners to plan, monitor, and evaluate their cognitive processes.
Within the context of integral calculus, such self-regulatory and metacognitive behaviors are
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particularly crucial, as students must manage abstract representations, coordinate multiple
solution strategies, and reflect on the validity of their reasoning. Through these mechanisms,
habits of mind are hypothesized to facilitate mathematical creative thinking by supporting
cognitive flexibility, encouraging exploration of alternative methods, and enabling students to
persist in solving complex calculus problems. Thus, habits of mind do not merely coexist with
mathematical creativity but actively shape the conditions under which creative mathematical
thinking can emerge and be sustained.

The theoretical alignment between habits of mind and mathematical creative thinking
can be clearly understood through established frameworks proposed by Costa and Kallick, as
well as Marzano. Costa and Kallick conceptualize habits of mind as intelligent behaviors
activated when individuals face novel, complex, and non-routine problems, conditions that are
characteristic of creative mathematical problem solving. Furthermore, Marzano classifies habits
of mind into three main categories, namely self-regulation, critical thinking, and creative
thinking (Masiah & Adawiyah, 2018), thereby conceptually linking habits of mind to processes
that underlie creative thinking ability. Within the context of integral calculus, such self-
regulatory and metacognitive behaviors are particularly crucial, as students must manage
abstract representations, coordinate multiple solution strategies, and reflect on the validity of
their reasoning. Through these mechanisms, habits of mind are hypothesized to facilitate
mathematical creative thinking by supporting cognitive flexibility, encouraging exploration of
alternative methods, and enabling students to persist in solving complex calculus problems.
Thus, habits of mind do not merely coexist with mathematical creativity but actively shape the
conditions under which creative mathematical thinking can emerge and be sustained.

Although a number of studies have examined the relationship between habits of mind
and mathematical creative thinking across various mathematical topics and instructional
contexts, such investigations remain limited within advanced and highly abstract domains.
Previous research has predominantly focused on secondary school mathematics topics, such as
trigonometry, or has been conducted within specific pedagogical interventions (Nurmeidina et
al., 2022; Sumartini, 2022). In contrast, empirical studies that explore this relationship in the
context of integral calculus at the university level are still scarce. This gap is significant, given
that integral calculus places substantial cognitive demands on students and requires sustained
thinking habits, abstraction, and strategic flexibility. Therefore, examining the relationship
between habits of mind and mathematical creative thinking in this context provides empirical
insight into their association within advanced mathematical learning environments such as
integral calculus.

Based on the identified theoretical and empirical gaps, this study aims to investigate the
relationship between habits of mind and mathematical creative thinking abilities of
mathematics education students in an integral calculus course. Specifically, this study addresses
the following research questions: (1) What are the profiles of habits of mind and mathematical
creative thinking abilities among mathematics education students in integral calculus? (2) Is
there a significant positive relationship between habits of mind and mathematical creative
thinking abilities in this context? (3) To what extent do habits of mind explain variance in
students’ mathematical creative thinking performance in integral calculus?
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The findings of this study are expected to contribute theoretically by clarifying the role of
habits of mind as a psychological construct supporting creative thinking in advanced
mathematics. Practically, the results of this study are expected to serve as a foundation for
lecturers in designing learning environments, mathematical tasks, and instructional strategies
that deliberately foster students’ habits of mind and mathematical creative thinking abilities in
higher education.

Method

This study employed a correlational research design to examine the relationship
between habits of mind and mathematical creative thinking abilities among 60 third-semester
mathematics education students enrolled in an integral calculus course at a university in Riau,
Indonesia, with all students included through intact group sampling. Participation was
voluntary, informed consent was obtained, departmental permission was secured, and
anonymity was ensured to meet ethical research standards. Data were collected using two
instruments: a habits of mind questionnaire and a mathematical creative thinking ability test.
The questionnaire consisted of 15 four-point Likert-scale items (from Strongly Agree to Strongly
Disagree), developed based on established indicators relevant to mathematics learning,
including metacognitive awareness, persistence, accuracy checking, flexible thinking, creativity,
curiosity, and learning independence; it was content-validated by two mathematics education
experts, piloted with 32 non-participant students, and demonstrated good reliability
(Cronbach’s alpha = 0.83) and acceptable item validity (coefficients ranging from 0.32 to 0.71).
Mathematical creative thinking ability was assessed using three open-ended integral calculus
problems representing fluency, flexibility, and originality, which were expert-validated, piloted
with 32 students, and showed acceptable validity (average coefficient = 0.70) and moderate
reliability (Cronbach’s alpha = 0.49). Student responses were scored using an analytic rubric on
a 0—4 scale for each indicator by a single rater to ensure scoring consistency. Data analysis
involved descriptive statistics to summarize students’ habits of mind and creative thinking
abilities, with scores converted into percentages and categorized into five achievement levels,
and inferential analysis using Spearman’s rho correlation to examine the relationship between
the two variables, following confirmation of a positive monotonic relationship, with all analyses
conducted using SPSS software.

Results and Discussion
Results

The descriptive results of students’ habits of mind and mathematical creative thinking
abilities in the integral calculus course are summarized in Table 1. Students’ scores on both
variables were classified into five achievement categories, namely very good, good, moderate,
poor, and not good, to provide an overall profile of students’ dispositions and creative thinking

performance.
Table 1. Distribution of Habits of Mind and Mathematical Creative Thinking Achievement
Category Habits of =~ Habits of Mathematical Mathematical

Mind (n) Mind (%) Creative Thinking (n) Creative Thinking (%)
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Very good 4 6.67 5 8.33
Good 1 1.67 1 1.67
Moderate 23 38.33 15 25
Poor 17 28.33 19 31.67
Not good 15 25 20 33.33
Total 60 100 60 100

As presented in Table 1, the distribution of habits of mind scores indicates that most
students were concentrated in the moderate to low categories. More than half of the students
(53.33%) were classified in the poor and not good categories, while only a small proportion of
students (8.34%) reached the good or very good levels. This distribution suggests that many
mathematics education students had not yet developed strong habits of mind in the context of
learning integral calculus.

A similar pattern was observed for students’ mathematical creative thinking abilities. As
shown in Table 1, the majority of students (65.00%) were categorized in the poor and not good
levels, whereas only 10.00% of students demonstrated good or very good creative thinking
performance. These results indicate that students’ mathematical creative thinking ability in
integral calculus was generally below the expected level, particularly in terms of generating
flexible and original solutions.

To examine the relationship between habits of mind and mathematical creative thinking
ability, Spearman’s rho correlation analysis was conducted. The results of the correlation
analysis are presented in Table 2.

Table 2. Calculation of Spearman's rho Correlation Coefficient

Correlations
Habits of Mathematical Creative
Mind Thinking Ability
Spearman's Habits of Mind Correlation Coefficient  1.000 852"
rho Sig. (2-tailed) ) .000
N 60 60
Mathematical ~ Correlation Coefficient  .852" 1.000
Creative Sig. (2-tailed) .000 .
Thinking Ability N 60 60

**_Correlation is significant at the o.01 level (2-tailed).

As shown in Table 2, there was a statistically significant positive correlation between
habits of mind and mathematical creative thinking ability (p = 0.852, p < 0.05). Based on
commonly used criteria for interpreting correlation coefficients, this relationship can be
classified as very strong. This finding indicates that students with higher levels of habits of mind
tended to demonstrate higher levels of mathematical creative thinking ability in the integral
calculus course.

Discussion
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The findings of this study indicate that a substantial proportion of mathematics
education students demonstrated habits of mind and mathematical creative thinking abilities
that remain below the expected level in the context of integral calculus. More than half of the
students were classified in the poor and not good categories for habits of mind, and a similar
pattern was observed for mathematical creative thinking ability. These results suggest that
students encountered considerable difficulty in engaging productively with the cognitive
demands of integral calculus, which requires sustained reasoning, strategic flexibility, and
reflective thinking. In this context, students’ challenges are not merely attributable to
conceptual or procedural limitations, but are also related to how they regulate, sustain, and
direct their thinking when confronted with complex and non-routine mathematical problems.

The predominance of low habits of mind scores suggests that many students may not
yet perceive challenging calculus tasks as opportunities for exploration and sense-making.
Instead, they may approach such tasks with limited persistence, low confidence, and a reliance
on familiar procedures. Previous studies describe students with well-developed habits of mind
as individuals who demonstrate strong commitment to learning, continuously evaluate their
thinking, and strive to improve their performance (Nuurjannah et al., 2018). In contrast, the
findings of the present study indicate that many students in integral calculus have not yet
exhibited these characteristics, as reflected in the predominance of low habits of mind scores.
This gap suggests that students may struggle to sustain reflective engagement and productive
persistence when facing cognitively demanding calculus tasks. In the calculus context, where
students must coordinate abstract representations and multiple integration techniques,
insufficient development of these dispositions can hinder meaningful engagement and deeper
mathematical reasoning.

A comparable pattern was found for mathematical creative thinking ability, with most
students demonstrating limited fluency, flexibility, and originality in solving integral calculus
problems. This finding aligns with previous research reporting that students often struggle to
move beyond routine solution strategies and tend to rely on memorized formulas when faced
with non-routine tasks (Mardhiyah & Purwaningrum, 2021; Widyastuti & Putri, 2018; Safaria &
Sangila, 2018; Anggraini & Zulkardi, 2020; Kadir, Machmud, Usman, & Katili, 2022). However,
the present study extends these findings by situating them within integral calculus at the
university level, a domain characterized by high levels of abstraction and cognitive demand. The
results suggest that without well-developed thinking dispositions, students are less likely to
engage in the divergent and reflective processes required for creative mathematical thinking in
advanced topics.

One of the most notable findings of this study is the very strong positive correlation
between habits of mind and mathematical creative thinking ability. The correlation coefficient
of 0.852 indicates a close association between the two constructs, suggesting that habits of mind
may serve as a foundational psychological mechanism that supports the emergence of creative
thinking in mathematics. Similar findings have been reported in previous studies, which found
that habits of mind significantly contribute to students’ creativity and higher-order thinking
skills (Altakhyneh & Aburiash, 2018; Hodiyanto & Firdaus, 2020). From a cognitive perspective,
habits of mind such as persistence, metacognitive awareness, and flexible thinking enable
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students to remain engaged with complex problems, monitor their reasoning, and explore
alternative solution strategies—processes that are central to mathematical creative thinking.

At the same time, the exceptionally high correlation observed in this study warrants
careful interpretation. As noted by Adalberon (2025), the concept of habits of mind has been
used in educational research with varying conceptual boundaries and is often closely related to
constructs such as creativity and open-mindedness. This conceptual closeness may partially
explain the strength of the observed relationship, particularly because both habits of mind and
mathematical creative thinking involve flexibility, reflection, and adaptive reasoning. Rather
than undermining the findings, this interpretation highlights the importance of understanding
habits of mind as a dispositional foundation that supports creative thinking, while also pointing
to the need for future research to more clearly distinguish and examine the intersections
between these constructs.

The coefficient of determination further indicates that while habits of mind account for
a substantial proportion of variance in students’ mathematical creative thinking ability, a
meaningful proportion remains unexplained. This finding suggests that mathematical creative
thinking is influenced by multiple interacting factors beyond habits of mind alone. Previous
studies have identified variables such as self-regulated learning, prior knowledge, and
motivational factors as important contributors to higher-order thinking and creativity in
mathematics (Hodiyanto & Firdaus, 2020). In the context of integral calculus, students’ prior
exposure to non-routine problems, their familiarity with multiple integration techniques, and
their instructional history may also play a critical role in shaping creative thinking outcomes.

From this perspective, the strong association between habits of mind and mathematical
creative thinking carries important implications for the teaching and learning of integral
calculus. Deliberately fostering habits of mind in calculus instruction requires moving beyond
an exclusive focus on procedural mastery toward learning environments that support
persistence, strategic flexibility, and reflective thinking. Lecturers can promote these
dispositions by presenting non-routine integration problems, encouraging students to explore
and compare multiple solution strategies, and facilitating discussion and justification of
different approaches. Such instructional practices provide opportunities for students to develop
the metacognitive and dispositional foundations necessary for creative engagement with
mathematical ideas. As previous studies have emphasized, creativity in mathematics does not
emerge spontaneously but develops through sustained cognitive habits that are intentionally
nurtured through instructional design (Kadir et al., 2022; Nuurjannah et al., 2018).

Despite its contributions, this study has several limitations. The correlational design
does not permit causal inferences regarding the influence of habits of mind on mathematical
creative thinking ability. In addition, the study was conducted within a single institutional
context with a relatively limited sample size. Future research could employ longitudinal or
experimental designs to examine how instructional interventions explicitly targeting habits of
mind influence the development of students’ creative thinking over time. Qualitative analyses
of students’ solution processes may also provide deeper insight into how habits of mind manifest
during creative problem solving in advanced mathematical domains such as integral calculus.
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Conclusion

This study provides robust empirical evidence that, within the cognitively demanding
context of integral calculus, students’ mathematical creative thinking is deeply intertwined with
the development of habits of mind. The findings indicate that creative thinking in advanced
mathematics is not merely a function of cognitive ability or procedural knowledge, but is
strongly associated with trainable thinking dispositions such as persistence, metacognitive
awareness, flexibility, and reflective engagement. In this sense, habits of mind function as a
foundational psychological infrastructure that supports students’ capacity to engage creatively
with complex mathematical ideas. These results underscore the need for a pedagogical shift in
advanced mathematics education, particularly in calculus instruction. Rather than focusing
predominantly on the transmission of techniques and procedural fluency, calculus learning
environments should be intentionally designed to cultivate students’ habits of mind alongside
conceptual understanding. By embedding non-routine problems, encouraging multiple solution
strategies, and promoting reflection and justification, educators can foster the dispositions that
enable creative mathematical thinking to emerge and be sustained. Ultimately, this study
highlights that developing creative thinkers in mathematics requires not only strengthening
what students know but also deliberately nurturing how they think.
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