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Background: Mathematical creative thinking is a crucial competency in
contemporary mathematics education; however, elementary students often
encounter difficulties in developing this ability, particularly in fraction learning.
Previous studies have predominantly focused on measuring creative thinking
performance, providing limited understanding of the cognitive barriers
underlying students’ difficulties across different dimensions of creativity.

Aims: This study aims to identify and describe cognitive barriers in sixth-grade
students’ mathematical creative thinking when solving fraction problems across
the dimensions of fluency, flexibility, originality, and elaboration.

Method: A descriptive qualitative-dominant mixed-methods design was
employed involving 30 sixth-grade students from an elementary school in
Bandung, Indonesia. Data were collected through open-ended mathematical
creative thinking tasks and semi-structured interviews. Students were
categorized into low-, moderate-, and high-ability groups, and the data were
analyzed using the Miles, Huberman, and Saldafia qualitative analysis framework.
Results: The findings revealed that cognitive barriers were hierarchical and
multidimensional. Low-ability students experienced representational barriers
related to fraction concepts, moderate-ability students demonstrated
transitional barriers characterized by dependence on visual representations, and
high-ability students exhibited metacognitive barriers affecting precision and
originality. Among the creative thinking dimensions, elaboration showed the
lowest achievement (12.0%), followed by originality (13.1%), while fraction
conceptual understanding remained relatively weak (28.0%).

Conclusion: Mathematical creative thinking difficulties develop hierarchically
across ability levels and are strongly interconnected across dimensions. The
proposed hierarchical-multidimensional framework offers a foundation for
diagnosis-based differentiated instruction in elementary mathematics learning.

To cite this article: Mbipi, Y. & Herman, T. (2026). Cognitive barriers in elementary students’ mathematical creative
thinking on fraction problems: A hierarchical and multidimensional analysis. Journal of Advanced
Sciences and Mathematics Education, 6(2), 745-761.

INTRODUCTION

Mathematical creative thinking has become an essential twenty-first-century competency

that enables students to address complex problems in an increasingly dynamic and uncertain world
(Ibrahim et al., 2024; Schoevers et al.,, 2020; Shaw et al., 2022). This competency extends beyond
procedural fluency and conceptual understanding by involving the ability to generate multiple ideas,
construct original solutions, and establish meaningful mathematical connections across diverse
contexts (Thompson & Harel, 2021; Wang et al., 2023). In contemporary educational environments,
students are expected not only to master mathematical procedures but also to demonstrate creativity

when confronted with unfamiliar situations. The rapid advancement of artificial intelligence and
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digital technologies has further increased the importance of creative thinking as routine
computational tasks become increasingly automated (Bicer et al.,, 2021). Consequently, mathematics
education has shifted its emphasis toward cultivating higher-order thinking skills that support
innovation and adaptability. Mathematical creativity has been associated with effective problem-
solving, conceptual reasoning, and the ability to transfer knowledge across different situations.
Students who demonstrate strong mathematical creative thinking are generally more capable of
exploring alternative strategies and justifying their reasoning in flexible ways. These capabilities are
increasingly recognized as important indicators of meaningful mathematical understanding and
lifelong learning readiness. As a result, understanding how mathematical creativity develops and
identifying factors that hinder its development have become significant concerns in contemporary
mathematics education research. Therefore, investigating students’ mathematical creative thinking
remains an important endeavor for both theoretical advancement and educational practice.

Research in mathematics education has consistently documented that elementary school
students experience substantial difficulties in developing mathematical creative thinking,
particularly when solving open-ended and non-routine problems. Such difficulties become especially
evident in mathematical topics that require flexible conceptual manipulation and multiple
representations. Fractions represent one of the most challenging domains in elementary
mathematics because they require students to coordinate symbolic, visual, verbal, and procedural
knowledge simultaneously (Geary & Xu, 2022). Numerous studies have reported that students
struggle to understand fraction magnitude, equivalence, comparison, and operations, even after
receiving formal instruction. These conceptual difficulties often limit students’ capacity to generate
alternative solution strategies and to reason creatively about mathematical situations. Furthermore,
students frequently rely on memorized procedures rather than meaningful conceptual
understanding when solving fraction problems. Such dependence on routine algorithms may restrict
the development of flexibility, originality, and elaboration in mathematical thinking. Previous
research has shown that students encounter significant challenges when required to create novel
solution methods or explain their reasoning in detail within fraction-related tasks (Flores et al., 2024;
Polydoros et al,, 2025). Since fractions serve as a foundational concept for advanced mathematical
learning, difficulties in this domain may have long-term consequences for students’ mathematical
development. Therefore, examining mathematical creative thinking within the context of fraction
learning provides a valuable opportunity to understand the interaction between conceptual
understanding and creative reasoning.

The existing body of research on mathematical creative thinking has predominantly focused
on measuring creativity levels through standardized instruments or evaluating the effectiveness of
particular instructional approaches designed to enhance creative performance (Suherman &
Vidakovich, 2022). While these studies have contributed substantially to the understanding of
mathematical creativity, they provide limited insight into the specific difficulties students experience
during the creative thinking process. Mathematical creativity is generally conceptualized through the
Torrance framework, which consists of four interconnected dimensions: fluency, flexibility,
originality, and elaboration. Fluency refers to the ability to generate multiple relevant ideas,
flexibility reflects the capacity to use diverse approaches, originality concerns the production of
novel solutions, and elaboration involves the ability to develop ideas systematically and
comprehensively. Recent educational studies have continued to adopt and refine this framework to
understand creative mathematical actions in various learning contexts (Alvarez-Huerta et al., 2022).
However, qualitative investigations that specifically identify students’ difficulties across these
dimensions in fraction learning remain relatively limited. Moreover, previous studies have rarely
examined how such difficulties differ according to students’ ability levels or how they are associated
with underlying cognitive mechanisms. To address this limitation, the present study adopts a
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cognitive-barriers perspective grounded in Cognitive Load Theory and metacognitive knowledge
theory (Sweller et al., 2019; Toikka et al, 2024). From this perspective, mathematical creative
thinking may be constrained by barriers such as functional fixedness, cognitive overload, mental set,
insufficient metacognitive monitoring, and representational inflexibility. Despite growing interest in
mathematical creativity, little is known about how these cognitive barriers manifest across different
dimensions of creativity and across different levels of student ability, thereby indicating a significant
gap in the existing literature.

Although mathematical creative thinking has become one of the most extensively
investigated topics in mathematics education, previous studies have primarily focused on measuring
students’ levels of mathematical creativity, developing assessment instruments, or evaluating the
effectiveness of instructional approaches designed to enhance creativity (Bicer et al.,, 2020; Khalid et
al,, 2020; Schoevers et al., 2020; Suherman & Vidakovich, 2022). Several studies have also examined
the relationships between mathematical creativity and academic achievement, self-efficacy,
problem-solving ability, and problem-posing skills, while describing the characteristics of
mathematical creativity among elementary school students (Bicer et al.,, 2021; Sadak et al., 2022;
Shaw et al.,, 2022; Yayuk et al., 2020). In contrast, research on fraction learning has predominantly
focused on conceptual difficulties, misconceptions, learning obstacles, and the effectiveness of
various interventions aimed at improving students’ understanding of fractions (Barbieri et al., 2020;
Dyson etal., 2020; Jarrah etal., 2022; Lenz et al., 2020; Sari et al., 2024). Studies on cognitive barriers
in mathematics have likewise identified various obstacles that influence students’ learning processes
and mathematical problem solving, including representational obstacles, cognitive overload, and
instructional barriers (Barnes, 2021; Murniasih et al., 2020). However, these lines of research have
largely developed independently and have not yet provided a comprehensive understanding of how
cognitive barriers influence students’ mathematical creative thinking in the context of fraction
learning. Furthermore, only a limited number of studies have simultaneously examined difficulties
across the four dimensions of mathematical creative thinking fluency, flexibility, originality, and
elaboration and explored how these difficulties vary across different levels of student ability.
Consequently, there remains a lack of a comprehensive conceptual framework capable of explaining
the relationship among fraction conceptual understanding, cognitive barriers, and mathematical
creative thinking from a hierarchical and multidimensional perspective. Therefore, this study seeks
to address this gap by investigating cognitive barriers in elementary students’ mathematical creative
thinking on fraction problems through a hierarchical and multidimensional analysis based on
students’ ability levels.

This study aims to identify and describe the difficulties experienced by sixth-grade
elementary school students in mathematical creative thinking within the context of fraction learning.
Specifically, the study investigates students’ difficulties across the four dimensions of the Torrance
framework, namely fluency, flexibility, originality, and elaboration. The study further examines how
these difficulties differ among students with low, moderate, and high levels of mathematical ability.
To achieve this objective, a descriptive qualitative-dominant mixed-methods approach is employed
to capture both the extent and nature of students’ difficulties. Through open-ended assessment tasks
and in-depth semi-structured interviews, the study seeks to uncover not only what difficulties
students encounter but also how and why these difficulties emerge. Particular attention is given to
the role of fraction conceptual understanding in shaping students’ creative thinking performance. In
addition, the study explores how various cognitive barriers contribute to the manifestation of
difficulties across different dimensions of mathematical creativity. By adopting a cognitive-barriers
framework, the research provides a more comprehensive explanation of students’ creative thinking
difficulties than traditional performance-based assessments. The study also proposes a hierarchical-
multidimensional framework that explains how difficulties progress from conceptual barriers to
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strategic-transitional barriers and ultimately to metacognitive-refinement barriers. Ultimately, the
findings are expected to contribute to theoretical discussions on mathematical creativity and provide
practical guidance for developing diagnosis-based differentiated instruction in elementary
mathematics education.

LITERATURE REVIEW

Mathematical creative thinking is widely recognized as a fundamental component of
contemporary mathematics education because it enables students to generate innovative ideas and
solve unfamiliar problems effectively. Unlike routine mathematical performance, creative thinking
involves producing multiple solutions, exploring alternative approaches, and constructing
meaningful mathematical relationships. Scholars have argued that mathematical creativity
represents a synthesis of domain-specific mathematical knowledge and domain-general creative
abilities (Schoevers et al,, 2020). This perspective suggests that creativity in mathematics requires
both conceptual understanding and cognitive flexibility. Students with strong mathematical creative
thinking are generally capable of adapting their knowledge to novel situations and developing
unconventional yet mathematically valid solutions. Research has demonstrated positive associations
between mathematical creativity and problem-solving performance, academic achievement, and
mathematical self-efficacy (Bicer et al.,, 2021). Furthermore, mathematical creativity contributes to
deeper conceptual learning because students actively construct and evaluate their own mathematical
ideas. Contemporary educational reforms increasingly emphasize creativity as a critical outcome of
mathematics instruction in response to the demands of the twenty-first century. Consequently,
understanding the factors that support or inhibit mathematical creative thinking has become an
important area of research in mathematics education. Investigating students’ creative thinking
processes is therefore essential for improving both theoretical understanding and instructional
practice.

One of the most influential frameworks for understanding mathematical creativity is derived
from Torrance’s theory of creative thinking. According to creativity consists of four interconnected
dimensions: fluency, flexibility, originality, and elaboration. Fluency refers to the ability to generate
numerous relevant ideas or solutions when responding to a problem. Flexibility reflects the capacity
to shift perspectives and employ diverse strategies when solving mathematical tasks. Originality
involves producing uncommon or novel solutions that differ from typical responses. Elaboration
concerns the ability to develop, refine, and explain ideas in a systematic and detailed manner. These
four dimensions collectively provide a comprehensive framework for evaluating creative thinking in
educational settings. Previous studies have demonstrated that students often display varying levels
of achievement across these dimensions, indicating that creativity is not a single homogeneous
construct (Lassig, 2020; Zabelina et al., 2022; Zhang et al., 2021). Research further suggests that
weaknesses in one dimension may influence performance in other dimensions because the creative
process requires continuous interaction among multiple cognitive functions. Therefore, examining
students’ difficulties through the lens of the Torrance framework offers a structured approach to
understanding the complexity of mathematical creative thinking.

Fractions have long been recognized as one of the most challenging topics in elementary
mathematics because they require students to coordinate multiple representations and conceptual
relationships simultaneously. Understanding fractions involves more than performing calculations;
it requires reasoning about part-whole relationships, proportionality, equivalence, and magnitude
(Pedersen & Bjerre, 2021; Schadl & Ufer, 2023). Numerous studies have shown that students
frequently experience misconceptions when comparing fractions, identifying equivalent fractions,
and performing arithmetic operations involving fractions (Geary & Xu, 2022). These conceptual
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difficulties often persist across grade levels and may hinder students’ future mathematical
development. Researchers have also reported that many students rely on procedural rules without
fully understanding the underlying concepts of fractions (Lenz et al, 2020). Such procedural
dependence may limit students’ ability to think creatively because creative problem solving requires
conceptual flexibility rather than mere algorithmic execution. In addition, fraction problems
frequently require students to move between symbolic, visual, and verbal representations.
Difficulties in coordinating these representations may reduce students’ ability to generate multiple
solution pathways and justify their reasoning effectively. Because fraction understanding serves as a
foundation for later mathematical learning, identifying the nature of students’ difficulties in this
domain is of considerable educational importance. Consequently, fraction learning provides an
appropriate context for investigating the relationship between conceptual understanding and
mathematical creative thinking.

The concept of cognitive barriers offers a useful theoretical perspective for understanding
why students experience difficulties in mathematical learning and creative problem solving.
Cognitive barriers refer to internal obstacles that restrict students’ ability to process information,
construct understanding, and apply knowledge effectively in unfamiliar situations. Drawing from
Cognitive Load Theory, excessive cognitive demands may overwhelm working memory capacity and
limit students’ ability to engage in higher-order thinking processes (Sweller et al., 2019). Similarly,
metacognitive theories suggest that students may encounter difficulties when they fail to monitor,
evaluate, or regulate their own thinking effectively (Toikka et al., 2024). Previous studies have
identified several forms of cognitive barriers, including functional fixedness, mental set, cognitive
overload, representational inflexibility, and insufficient metacognitive monitoring. Functional
fixedness occurs when students become trapped in familiar procedures and struggle to generate
alternative approaches. Mental set refers to the tendency to rely repeatedly on previously successful
strategies even when they are not suitable for new situations. Representational inflexibility emerges
when students cannot transition effectively between symbolic, visual, and verbal forms of
mathematical representation. These barriers may significantly constrain students’ performance
across the dimensions of fluency, flexibility, originality, and elaboration. Therefore, understanding
cognitive barriers is essential for explaining the underlying mechanisms that impede mathematical
creative thinking.

Recent developments in mathematics education have emphasized the importance of
examining students’ difficulties from multidimensional and developmental perspectives rather than
treating learning difficulties as isolated phenomena. Emerging evidence suggests that students’
difficulties in mathematical creativity may differ according to their levels of conceptual
understanding, cognitive maturity, and problem-solving experience. Students with lower ability
levels often experience fundamental conceptual difficulties that prevent them from generating valid
mathematical ideas. In contrast, students with moderate ability levels may demonstrate partial
understanding but struggle to apply their knowledge flexibly across different contexts. High-ability
students frequently possess adequate conceptual knowledge but may encounter difficulties related
to metacognitive regulation, originality, and refinement of ideas. These findings indicate that
cognitive barriers may develop hierarchically, progressing from conceptual obstacles to more
sophisticated metacognitive challenges. However, empirical studies that explicitly examine such
hierarchical patterns remain limited, particularly in the context of fraction learning. Furthermore,
little is known about how cognitive barriers interact across multiple dimensions of mathematical
creative thinking. A hierarchical and multidimensional perspective therefore provides a promising
framework for understanding the complexity of students’ creative thinking difficulties. Such a
perspective may also contribute to the development of diagnosis-based differentiated instruction
that addresses the specific needs of learners at different ability levels.
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METHOD

Research Design

This study employed a descriptive qualitative-dominant mixed-methods design to
investigate elementary students’ difficulties in mathematical creative thinking within the context of
fraction learning. The qualitative component served as the primary approach because the study
sought to explore the nature, characteristics, and underlying mechanisms of students’ difficulties
across different dimensions of creative thinking. Quantitative data were used to support the
classification of students’ ability levels and to provide descriptive information regarding their
performance. The selection of a qualitative-dominant approach was based on the need to understand
complex cognitive processes that cannot be fully captured through numerical data alone. This design
enabled the researchers to examine not only the extent of students’ difficulties but also how and why
such difficulties emerged during problem-solving activities. The study focused on the dimensions of
fluency, flexibility, originality, and elaboration as conceptualized within the Torrance framework of
creative thinking. Furthermore, the research adopted a cognitive-barriers perspective to interpret
the difficulties identified across different ability levels. Through the integration of qualitative and
quantitative evidence, the study aimed to provide a comprehensive understanding of mathematical
creative thinking difficulties in fraction learning.

Participants

The study was conducted at SDN 212 Harapan Bandung, Indonesia, in December 2025.
Participants consisted of 30 sixth-grade students selected through purposive sampling. The selection
criteria included comparable instructional experiences, similar class sizes, equivalent academic
backgrounds, and the absence of acceleration programs to ensure relatively homogeneous learning
conditions. The participants represented a typical elementary school population engaged in formal
fraction instruction. Ethical considerations were observed throughout the research process.
Approval to conduct the study was obtained from the school administration prior to data collection.
Informed consent was secured from both students and their parents or guardians. Participation was
voluntary, and students were informed of their right to withdraw from the study at any stage without
consequences. To protect confidentiality, all participant identities were anonymized and replaced
with initials in all research records and publications.

Instruments and Data Collection

Data were collected using two complementary instruments: a diagnostic test and semi-structured
interviews. The diagnostic test consisted of 15 items, including ten multiple-choice items, one short-
answer item, and four essay items designed to assess students’ fraction conceptual understanding
and mathematical creative thinking. The test was constructed based on the Torrance framework and
covered four dimensions of creativity: fluency, flexibility, originality, and elaboration. In addition, the
instrument included items measuring conceptual understanding of fractions because conceptual
knowledge was considered an important prerequisite for creative thinking. The test items covered
cognitive levels ranging from C1 to C5 and were distributed across five domains: conceptual
understanding, fluency, flexibility, originality, and elaboration. Multiple-choice items were scored
dichotomously, while open-ended items were assessed using an analytic rubric designed to evaluate
the quality and completeness of students’ responses. Content validity was established through a
detailed test blueprint aligning each item with specific learning objectives, cognitive levels, and
assessment domains. Following the written assessment, semi-structured interviews were conducted
to obtain deeper insights into students’ cognitive processes and difficulties. The interviews enabled
the researchers to investigate not only the outcomes of students’ thinking but also the reasoning,
strategies, and cognitive barriers underlying their responses.
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Data Analysis

Data analysis was conducted using the interactive model proposed by Miles, Huberman, and
Saldafia (2014), consisting of data condensation, data display, and conclusion drawing and
verification. Quantitative test scores were first analyzed descriptively to determine students’
achievement levels and to classify participants into ability categories. Based on the distribution of
total test scores, students scoring 14 or below were categorized as low-ability, students scoring
between 15 and 17 were categorized as moderate-ability, and students scoring 18 or above were
categorized as high-ability. These categories subsequently guided the purposive selection of
interview participants. Qualitative data from students’ written responses and interview transcripts
were coded and analyzed thematically to identify patterns of difficulty across the dimensions of
creative thinking. Particular attention was given to identifying the cognitive barriers underlying
students’ performance. To enhance credibility, findings were triangulated across multiple data
sources, including test responses, written work, and interview data. Dependability and
confirmability were strengthened through expert review, in which interpretations and coding
decisions were examined and discussed among the researchers. An audit trail documenting coding
procedures, analytical decisions, and interpretation processes was maintained throughout the study
to ensure transparency and trustworthiness.

Research Procedure

The study was conducted through several sequential stages. The first stage involved the
development and validation of the diagnostic test and interview protocols based on the theoretical
framework of mathematical creative thinking and cognitive barriers. The second stage involved
selecting participants and obtaining ethical approval and informed consent. The third stage
consisted of administering the diagnostic test to all participating students to assess fraction
conceptual understanding and mathematical creative thinking. Following the completion of the test,
students’ responses were scored and categorized into low-, moderate-, and high-ability groups. The
fourth stage involved selecting representative participants from each ability category for in-depth
interviews. During the interviews, students were asked to explain their reasoning processes,
solution strategies, and difficulties encountered while solving fraction problems. The fifth stage
involved transcribing and organizing the qualitative data obtained from interviews and written
responses. Subsequently, quantitative and qualitative data were analyzed using the Miles,
Huberman, and Saldafia framework. Finally, the findings were synthesized to develop a hierarchical
and multidimensional explanation of cognitive barriers in mathematical creative thinking and to
formulate implications for diagnosis-based differentiated instruction in elementary mathematics
education. To provide a clear overview of the study procedure, the sequence of activities is
summarized in Figure 1.
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Figure 1.Research Procedure
RESULTS AND DISCUSSION

Results

Descriptive statistical analysis revealed a mean score of 17.47 with a standard deviation of

10.99, indicating heterogeneity of ability within a single class. Throughout the analysis,
achievement scores serve as quantitative indicators of the relative difficulty of each dimension,

whereas the interview and document analysis characterise the nature of those difficulties; lower
achievement is therefore interpreted as evidence of greater difficulty rather than equated with it.
Based on categorization, 14 students (46.7%) were classified in the low-ability category, 3 students
(10.0%) in the moderate-ability category, and 13 students (43.3%) in the high-ability category.

Table 1. Distribution of Mathematical Creative Thinking Ability

Category Frequency Percentage
Low 14 46.7%

Moderate 3 10.0%
High 13 43.3%
Total 30 100%
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Beyond the overall categorisation, the conceptual-understanding items revealed a fragile
foundation: students reached only 28.0% achievement on these items. The most basic tasks were the
weakest identifying and naming a fraction from a shaded diagram succeeded for only 3.3% of
students whereas recognising equivalent fractions was comparatively well mastered (76.7%).
Conceptual-understanding scores were positively associated with performance on the creative-
thinking items (Spearman’s rho = 0.51): students with weak conceptual scores averaged 12.0% on
the creative-thinking items, compared with 21.0% among those with stronger conceptual scores, and
half of the students (15 of 30) scored zero on all four creative-thinking essay items. This pattern
indicates that limited conceptual understanding of fractions is closely intertwined with—and
plausibly underlies the observed difficulties in creative thinking, consistent with the cascading
relationship discussed below.

Thematic analysis of interview transcripts identified distinct patterns of difficulty across each
dimension. Regarding conceptual understanding and fluency, high-ability students generally
comprehended the concepts of numerator and denominator but made errors due to carelessness in
reading visual information. As student AR articulated: “Fractions are numbers that represent parts
of a whole... But it turned out I misread the problem; I identified the shaded part instead of the
unshaded one.” Moderate- and low-ability students exhibited more fundamental conceptual
difficulties, such as the inability to connect visual representations with symbolic forms.

The fluency dimension showed the highest achievement among the four dimensions at 45.4%,
falling within the “Moderate” category. Nevertheless, this achievement remained below 50% and
thus cannot be considered satisfactory. In the fluency dimension, high-ability students were able to
generate more than one solution strategy, although they still encountered difficulties with
simplification. Moderate-ability students produced only one dominant strategy, while low-ability
students demonstrated limitations in generating ideas, tending to fixate on a single mechanical
procedure.

The originality dimension showed the second-lowest achievement, at 13.1%, classified as “Very
Low.” This finding indicates that students experienced significant difficulty in generating unique and
unconventional ideas or solutions, particularly when asked to create word problems that were both
original and mathematically logical. The flexibility dimension showed higher achievement than
originality and elaboration, at 23.4%, classified as “Low”. Regarding the flexibility and originality
dimensions, high-ability students were capable of transitioning between representations and
constructing word problems aligned with fraction operations. One of the open-ended items assessed
the originality dimension: “Create a word problem about activities at home using the operation 2% +
% — 1.5!” The following is the response of one high-ability student:

tefung teligy Sebanypn 2 =

\%- by \ngin memba.t ke . gy memfuna: A

i '
dah lbv )v9a memPunr"'"%‘ ceviafadonan MEmb, cuh Lan (/5

5

Figure 2. Response of a high-ability student on the item assessing the originality dimension

befaba adonan Yan9 bisa \bv bvat

Figure 2. Response of a high-ability student on the originality task. The student was able to formulate
a contextual problem using the provided numerical values but showed evidence of metacognitive

. . . . . . 1,2
barriers, as the constructed situation did not accurately reflect the required operation 2 " + 3 1,5
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Figure 3. Response of a moderate-ability student on the item assessing the elaboration dimension

Figure 3. Response of a moderate-ability student on the elaboration dimension. Although the student
attempted to explain the solution process, the response demonstrates transitional cognitive barriers
characterized by inconsistent fraction manipulation and difficulty maintaining procedural coherence
throughout the problem-solving process.

From this student’s response, the researcher found that the student experienced difficulty in
connecting mathematical operations with logically coherent real-world situations. The student also
demonstrated metacognitive barriers, including fixation on conventional word problem patterns,
difficulty “breaking away” from standard procedures, and an inability to evaluate the reasonableness
of self-constructed word problems. This phenomenon can be explained through Cognitive Load
Theory (Sweller et al., 2019): students were overly focused on “insert all the numbers” into a word
problem, neglecting logical validation of whether the story context made sense, resulting in fixation
on familiar procedural patterns.

The elaboration dimension showed the lowest achievement of all four at only 12.0%, classified
as “Very Low.” Moderate- and low-ability students exhibited a high dependence on visual
representations and experienced difficulty when visual contexts were unavailable. In the elaboration
dimension, high-ability students provided relatively coherent explanations but still struggled with
finding common denominators and simplifying fractions. Moderate-ability students produced
inconsistent explanations, while low-ability students provided fragmentary explanations.

Table 2. Synthesis of Difficulty Patterns by Ability Category

Dimension High-Ability Moderate-Ability Low-Ability
Conceptual Carelessness errors Representational Unable to comprehend
Understanding confusion fraction meaning
Fluency >2 strategies; Limited to one strategy Unable to generate
simplification difficulties alternatives
Flexibility Employed multiple Dependent on visual aids Inflexible
representations
Originality Capable of creating Difficulty initiating ideas ~ Unable to generate ideas
contextual problems
Elaboration Coherent explanations;  Inconsistent explanations Fragmentary
simplification difficulties explanations

The findings demonstrated that cognitive barriers play a central role in students’ difficulties
with mathematical creative thinking. The identified cognitive barriers can be categorized into three
principal types according to student ability level. First, representational barriers experienced by low-
ability students, manifested as an inability to connect visual and symbolic representations, indicating
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insufficiently developed cognitive schemata. Second, transitional barriers in moderate-ability
students, characterized by excessive dependence on concrete visual representations, resulting in
difficulty transitioning to abstract thinking. Third, metacognitive barriers in high-ability students,
manifested as fixation on standard procedures that impeded the generation of original ideas. This
pattern indicates that cognitive barriers develop hierarchically in accordance with students’
increasing ability levels, ranging from barriers at the basic information processing level to barriers
at the metacognitive regulation level.

A focused analysis of the constructed-response (essay) items, which most directly elicit
creative thinking, revealed difficulties considerably more pronounced than the aggregate per-
dimension scores suggested. On these open-ended items, achievement reached only 29.3% for
fluency (Item 11), 7.5% for flexibility (Item 12), 9.2% for originality (Items 13-14 combined), and
10.7% for elaboration (Item 15), with between 73% and 80% of students scoring zero on Items 12
through 15. Notably, flexibility—which appeared comparatively higher (23.4%) at the aggregate
level—collapsed to 7.5% on the open-ended item, indicating that the recognition-format (multiple-
choice) items had partially masked the depth of students’ difficulties with genuine creative thinking.
This pattern reinforces the interpretation that the observed difficulties are pervasive rather than
confined to a single dimension.

Discussion

The finding that low-ability students experienced comprehensive conceptual difficulties
provides empirical evidence that basic fraction conceptual understanding constitutes a critical
foundation for the development of mathematical creative thinking ability. The inability to connect
visual representations with symbolic forms indicates insufficiently developed cognitive schemata
necessary for building creative thinking (Winata et al., 2025). Regarding the fluency dimension, low-
ability students struggled not only with generating multiple ideas but also with producing a single
valid idea, which subsequently exerted a cascading effect on flexibility and originality (Kholid &
Ahadiyati, 2022; Weiss & Wilhelm, 2022). The difficulty patterns of moderate-ability students
indicate a transitional phase from procedural to creative thinking that has not yet stabilized. These
students possessed emerging conceptual understanding but encountered significant barriers when
required to generate alternative strategies or original ideas. The high dependence on visual
representations suggests that their understanding remains at the concrete level and has not yet
progressed to the abstract stage (Star et al., 2022). Students were aware of possible alternatives but
lacked adequate metacognitive strategies to explore them.

High-ability students, despite possessing relatively strong creative thinking ability, still
exhibited difficulties in precision, simplification, and consistency of elaboration. This finding affirms
that mathematical creative thinking is not static but requires continuous refinement (Beaty &
Johnson, 2021; Forthmann et al.,, 2020). Errors attributable to carelessness indicate the need for
developing monitoring and evaluating skills in the problem-solving process (Fyfe et al., 2022; Toikka
et al,, 2024). A noteworthy finding of this research is the presence of metacognitive barriers among
high-ability students when confronted with the originality dimension. This phenomenon can be
explained through the perspective of Cognitive Load Theory (Sweller etal., 2019) and reinforces that
excessively rigid metacognitive knowledge of particular procedures can constrain students’
flexibility in seeking alternative solutions (Toikka et al., 2024). The inability of students to “break
away” from standard patterns (fixation) demonstrates that high proficiency in fraction content does
not necessarily correlate positively with lateral thinking ability, thus necessitating more intensive
guided inquiry interventions (Wang et al.,, 2023). This finding constitutes a novelty of this study,
contributing to the understanding that metacognitive barriers can serve as a bottleneck for
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mathematical creativity development among high-ability students (Jiang et al., 2023; Rajadurai &
Ganapathy, 2023).

The findings of this study revealed several cognitive factors that impede students’
mathematical creativity. First, functional fixedness, which causes students to become entrapped in a
single familiar solution method without being able to perceive alternatives. This barrier was clearly
evident among high-ability students who, despite mastering fraction operation procedures, were
unable to apply them in the context of original word problems. Second, cognitive overload, which
occurs when students must simultaneously process conceptual and procedural information, thereby
limiting cognitive capacity for creative thinking. Third, mental set, or the tendency to employ
previously successful strategies even when they are inappropriate for new problems. Fourth,
insufficient metacognitive monitoring, which renders students unable to evaluate the reasonableness
of their solutions, as evidenced by mathematically illogical word problem responses that went
unnoticed by students. Fifth, representational inflexibility, or the inability to transition between
representations (visual, symbolic, verbal), which restricts exploration of alternative solutions.
Understanding these creativity-impeding factors is essential as a foundation for designing targeted
instructional interventions for each student ability category.

The distinct characteristics of difficulties affirm that mathematical creative thinking is
hierarchical and multidimensional in nature. The hierarchy is evident in a pattern that progresses
from comprehensive-conceptual to strategic-transitional to metacognitive-refinement.
Multidimensionality is reflected in the close interdependencies among dimensions, whereby
difficulties in one dimension impact others, indicating that the four dimensions constitute integrated
components within a cognitive system (Rawlings et al., 2025). These findings reinforce the notion
that developing mathematical creative thinking requires a holistic approach that considers the
interrelationships among dimensions and students’ levels of cognitive development.

A closer reading of the essay responses clarified the mechanisms underlying these difficulties,
with two cross-cutting patterns proving particularly salient. First, moderate- and low-ability
students exhibited a marked dependence on visual representations: on the fraction-comparison task
they relied exclusively on the relative length of bar models and reported having no symbolic fallback
strategy once the visual was withdrawn (for example, stating that without a picture they were unable
to proceed), whereas high-ability students could resort to common denominators or decimal
conversion. Second, a shared procedural bottleneck equalising denominators and simplifying results
was reported as the most difficult step across all three ability levels and recurred across the flexibility
and elaboration items. This converging evidence substantiates the proposed cascading relationship,
whereby limited operational fluency with fractions constrains students’ capacity to generate
alternative strategies and to develop complete, justified solutions. A representative instance is shown
in Figure 3, in which a moderate-ability student attempted the multi-step elaboration item but
carried out the successive subtractions in a procedurally inconsistent manner, reflecting both an
unstable grasp of mixed-number notation and the difficulty of sustaining a coherent chain of steps
once the denominators differed.

The originality item proved especially diagnostic of metacognitive barriers among high-ability
students. Rather than failing to generate ideas, these students produced superficially plausible word
problems that nonetheless did not faithfully or coherently represent the prescribed operation (2% +
% - 1.5) for instance, embedding the given numbers in a narrative while reframing the required
computation, or accepting a mathematically incorrect equivalence as valid without recognising the
mismatch (see Figure 2). This indicates that their limitation lay not in idea generation but in the
evaluative, self-regulatory monitoring that originality demands, confirming that strong procedural
proficiency in fractions does not automatically confer the capacity to assess the reasonableness of
one’s own creative product.
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Implications

The findings of this study have important theoretical, methodological, and pedagogical
implications for mathematics education, particularly in the development of mathematical creative
thinking among elementary school students. From a theoretical perspective, the study demonstrates
that mathematical creative thinking should not be viewed as a single cognitive construct but rather
as a hierarchical and multidimensional system in which difficulties evolve according to students’
levels of mathematical ability. The proposed hierarchical-multidimensional framework extends
existing creativity literature by explaining how cognitive barriers progress from representational
difficulties to transitional constraints and ultimately to metacognitive challenges. The findings
further highlight the strong interdependence among fluency, flexibility, originality, and elaboration,
indicating that weaknesses in one dimension may negatively influence performance in other
dimensions. From a methodological standpoint, the integration of diagnostic testing and qualitative
interviews provides a comprehensive approach for identifying not only the extent of students’
difficulties but also the cognitive mechanisms underlying those difficulties. The study also
demonstrates the value of employing a cognitive-barriers perspective to complement traditional
assessments of mathematical creativity, thereby enabling a deeper understanding of students’
thinking processes. In practical terms, the results suggest that instructional interventions should be
differentiated according to students’ specific difficulty profiles rather than relying on uniform
teaching approaches. For low-ability students, instruction should prioritize strengthening
conceptual understanding of fractions through multiple representations and concrete learning
experiences. For moderate-ability students, scaffolding strategies should focus on facilitating the
transition from visual and procedural reasoning toward more flexible and abstract forms of
mathematical thinking. For high-ability students, learning activities should emphasize metacognitive
regulation, reflective reasoning, and opportunities to generate and evaluate original mathematical
ideas. Furthermore, the framework developed in this study may serve as a diagnostic tool for
teachers to identify students’ cognitive barriers more accurately and design targeted interventions
that support the progressive development of mathematical creative thinking in elementary
mathematics classrooms.

Limitations and Suggestions for Future Research

Several limitations should be considered when interpreting the findings of this study and
determining their applicability to broader educational contexts. First, the study involved only 30
sixth-grade students from a single elementary school, which limits the transferability of the findings
to other student populations, educational settings, and cultural contexts. Although the qualitative-
dominant design enabled an in-depth exploration of students’ cognitive barriers, the relatively small
sample size restricts broader generalization of the identified hierarchical patterns. Second, the
investigation focused exclusively on fraction content, and therefore the proposed hierarchical-
multidimensional framework may not fully capture the characteristics of mathematical creative
thinking difficulties in other domains such as geometry, algebra, measurement, or statistics. Third,
the study primarily examined cognitive barriers and did not explicitly investigate the influence of
affective variables, including motivation, self-efficacy, mathematical anxiety, or learning engagement,
which may also contribute to creative thinking performance. Fourth, the cross-sectional nature of the
study captured students’ difficulties at a single point in time and was therefore unable to reveal how
cognitive barriers evolve throughout students’ mathematical development. Fifth, the unequal
distribution of participants across ability categories, particularly the limited number of moderate-
ability students, may have reduced the representativeness of the identified transitional difficulty
patterns. Future research should therefore involve larger and more diverse samples drawn from
multiple schools and educational contexts to enhance the robustness and transferability of the
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findings. Longitudinal studies are also recommended to examine how cognitive barriers and
mathematical creative thinking develop over time and across different stages of schooling. Further
investigations may extend the framework to other mathematical topics to determine whether similar
hierarchical and multidimensional patterns emerge across content domains. In addition, future
studies should integrate cognitive, affective, and instructional variables to provide a more
comprehensive explanation of students’ creative thinking difficulties. Experimental and quasi-
experimental research evaluating diagnosis-based differentiated instruction may also help
determine the effectiveness of targeted interventions designed to address specific cognitive barriers
identified within each ability category. Such efforts will contribute to refining the proposed
framework and advancing both theoretical understanding and practical strategies for fostering
mathematical creative thinking in elementary mathematics education.

CONCLUSION

This study concludes that elementary school students’ difficulties in mathematical creative
thinking on fraction problems are hierarchical and multidimensional in nature, reflecting variations
in cognitive barriers across different levels of mathematical ability. The findings demonstrate that
students’ difficulties cannot be explained solely by differences in performance outcomes but must
also be understood through the underlying cognitive processes that shape creative thinking. Low-
ability students predominantly experienced representational barriers characterized by limited
conceptual understanding of fractions and difficulties connecting visual and symbolic
representations. Moderate-ability students exhibited transitional barriers manifested in their
dependence on visual representations and their inability to flexibly transfer knowledge to more
abstract problem-solving contexts. High-ability students, although demonstrating stronger
conceptual understanding and procedural competence, encountered metacognitive barriers that
constrained originality, self-monitoring, and the evaluation of creative solutions. Among the four
dimensions of mathematical creative thinking, elaboration and originality emerged as the most
challenging dimensions, while fluency showed relatively higher achievement despite remaining
below desirable levels. The findings further indicate that weaknesses in fraction conceptual
understanding are closely associated with reduced performance across all dimensions of creative
thinking. In addition, the results reveal strong interrelationships among fluency, flexibility,
originality, and elaboration, suggesting that difficulties in one dimension may generate cascading
effects on other dimensions. Based on these findings, the study proposes a hierarchical-
multidimensional framework that explains the progression of cognitive barriers from conceptual
difficulties to metacognitive constraints as students’ ability levels increase. This framework
contributes to the literature by integrating perspectives from mathematical creativity, fraction
learning, and cognitive barrier theories into a coherent explanatory model. The study also highlights
the importance of adopting diagnostic approaches that identify students’ specific difficulty profiles
rather than relying solely on conventional assessments of achievement. Ultimately, the findings
provide both theoretical insights and practical guidance for the development of diagnosis-based
differentiated instruction aimed at fostering mathematical creative thinking in elementary
mathematics education.
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