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students' critical thinking abilities in mathematical contexts.

Aims: The goal of this research is to explore how different learning styles affect the KEYWORD
development of critical thinking skills in mathematics and to determine how these styles .. Thinking;
influence students' performance in tasks requiring mathematical reasoning. Differentiated Instruction;
Methods: A descriptive qualitative research design was used. The participants were middle  Learning Styles;
school students selected using purposive sampling. Data collection involved critical thinking Mathematics Education.
tests, learning style surveys, and interviews. The collected data were analyzed through

presentation, reduction, and conclusion drawing, with triangulation employed to ensure data

reliability.

Results: The results revealed that students with visual learning styles showed the highest level

of mathematical critical thinking, particularly in evaluation, analysis, interpretation, and

inference. Auditory learners performed reasonably well in evaluation and analysis but faced

challenges with interpretation. Kinesthetic learners demonstrated potential but required

further improvement in analysis and evaluation.

Conclusion: The study concluded that learning styles have a significant impact on the

development of mathematical critical thinking skills. Visual learners performed the best, while

auditory and kinesthetic learners exhibited potential but need additional support to enhance

their abilities in critical thinking tasks. The findings highlight the importance of incorporating

diverse teaching strategies that cater to various learning styles.

INTRODUCTION

In the 21st century, rapid technological advancements have significantly transformed how
education is delivered and received. Students are required to quickly adapt to new ways of thinking,
processing information, and solving real-world problems (Kwangmuang et al., 2021; Rohm et al,, 2021).
Education today is not merely about acquiring knowledge, but also about developing essential skills for
life and the workforce (Garcia-Pérez et al., 2021; Khan et al,, 2022; L. Li, 2024). One of the most crucial
skills expected across all disciplines is critical thinking (Bellaera et al., 2021; Calma & and Davies, 2021;
Cruz et al,, 2021) . To meet the demands of the global era, schools must focus not only on mastering
subject matter but also on fostering students’ cognitive development (Bhardwaj et al,, 2025; Zhao et al,,
2024). Learners must be equipped with the ability to analyze, interpret, evaluate, and make sound
decisions. These skills allow students to approach problems from various perspectives and formulate
logical solutions. Therefore, educational institutions are challenged to ensure that students can think
independently and reason effectively.

Mathematics has long been recognized as a subject that fosters logical and systematic thinking (Just
& Siller, 2022; Sibgatullin et al., 2022). It trains learners to approach problems analytically and to use
reasoning in drawing conclusions (Spaska et al., 2021). Mathematical skills are essential not only in
academic settings but also in daily life, the workforce, and technological advancement (Garcia-Pérez et
al,, 2021; Kohen & Orenstein, 2021; Yu, 2023). Proficiency in mathematics is considered a key factor in
educational success and a foundation for scientific literacy. Nevertheless, many students continue to
struggle with applying mathematical knowledge, especially when problems require reasoning beyond
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memorized formulas. Many of them face difficulties in solving complex problems that demand deep
understanding and structured thinking (Lawrence et al., 2022; Smith et al.,, 2022; Y. Walter, 2024). This
highlights the need to shift the focus from merely solving problems to strengthening reasoning abilities.
Therefore, integrating critical thinking into mathematics learning is highly important.

Critical thinking in mathematics involves several core components, such as interpretation, analysis,
evaluation, and inference. These components help students develop a deeper approach to mathematical
tasks, allowing them to justify the solutions they provide (Manfreda Kolar & Hodnik, 2021). With these
skills, students can not only solve problems but also explain the logic behind their answers (Alasadi &
Baiz, 2023; Kasneci et al., 2023; Kwangmuang et al., 2021). Critical thinking also encourages the
development of intellectual discipline, enabling learners to assess assumptions, question arguments, and
identify connections between concepts (IndraSiené et al., 2021; Plummer et al,, 2022). It enhances
learning outcomes by fostering greater engagement with the subject matter. This skill also nurtures
curiosity and the habit of deep thinking in students. Mathematics classrooms that support the
development of critical thinking are more likely to produce learners who can transfer their knowledge to
real-life contexts. Thus, the implementation of critical thinking skills in the curriculum is essential for
meaningful learning.

Despite its importance, many students still show limited progress in developing critical thinking
skills. Performance data from various international assessments show that most students can only solve
problems at basic levels of difficulty (Matzavela & Alepis, 2021; Shute & Rahimi, 2021). Higher-order
thinking tasks that involve abstract reasoning and problem interpretation remain a challenge (Lin et al,,
2023; Whalen & and Paez, 2021). This situation reflects broader issues in learning environments,
including instructional strategies that do not yet fully support the development of such skills (Beck et al.,
2024; Cox, 2021). One contributing factor may be the misalignment between how students learn and how
instruction is delivered. Every student has different preferences for receiving and processing
information, commonly referred to as learning styles. These include visual, auditory, and kinesthetic
styles, each of which influences how students comprehend and interact with material. When students’
learning styles are not considered, they may struggle to engage optimally in the learning process.

Learning styles describe individuals’ preferred methods for absorbing, processing, and retaining
new information. Visual learners tend to understand better through images, diagrams, and written
instructions (Castro-Alonso et al., 2021). Auditory learners benefit more from verbal explanations,
discussions, or spoken directions (Chui etal., 2021; Yotta, 2023). Kinesthetic learners need direct physical
engagement to grasp concepts effectively. Each learning style has its own strengths that can be optimized
through appropriate teaching strategies. When instructional methods align with students’ learning
preferences, both motivation and understanding are likely to improve (Reeve & and Cheon, 2021; Ruiz-
Ledesma et al., 2025; Wei, 2023). It also enables students to think in ways that are most natural to them.
Recognizing and accommodating learning styles can enhance overall learning outcomes. Therefore,
learning styles play a significant role in shaping students’ mathematical performance.

The development of critical thinking in mathematics may vary depending on each student’s
learning style. Some may find it easier to understand and evaluate information visually, while others may
require oral explanations or hands-on experiences (Eysenbach, 2023; Kizilaslan et al., 2021). These
differences affect how students approach mathematical problems and how they express their reasoning
(Hansen, 2022). Thus, it is important to analyze the relationship between learning styles and students’
critical thinking skills (Shorey et al., 2021). Such analysis can help identify the types of learning
environments that best support specific thinking processes. The findings can also provide educators with
insights into designing inclusive and effective learning experiences. This understanding will lead to more
targeted and adaptive instructional planning. Therefore, investigating how each learning style supports
the development of mathematical thinking is essential.

Classroom practices still tend to use uniform teaching methods and often overlook the diversity in
students’ learning preferences. This limits the opportunity for some students to fully develop their
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thinking potential (Cope etal.,, 2021; Michel-Villarreal et al., 2023). A one-size-fits-all teaching approach
fails to consider individual differences in how students absorb and apply knowledge (Farianietal., 2023).
In classrooms that do not adapt instruction to students' preferences, critical thinking skills may not
develop optimally (Lo, 2023; Yuan & and Liao, 2023). As a result, students become disengaged and tend
to rely solely on rote memorization. To address this issue, a deliberate effort is needed to align
instructional strategies with students’ cognitive characteristics. This not only supports the development
of thinking skills but also fosters a more inclusive learning culture. Therefore, adapting instructional
strategies to students’ learning styles is a crucial step toward meaningful and equitable education.

This study is urgently needed because critical thinking remains an essential 21st-century skill that
has yet to be fully developed among junior high school students, as reflected in Indonesia’s low PISA
results. Each student possesses a different learning style—visual, auditory, or kinesthetic, which
influences how they understand and solve mathematical problems. However, classroom instruction often
applies a uniform method without adequately considering these differences, limiting the development of
students' critical thinking potential (Charalambous et al, 2021; Y. Walter, 2024). By examining the
relationship between learning styles and mathematical critical thinking skills, this study can serve as a
foundation for designing more personalized and effective teaching strategies that enhance the overall
quality of mathematics education. Furthermore, the findings are expected to contribute to the
advancement of differentiated instruction practices (Pozas et al., 2022). The results may also inform
curriculum developers and policymakers in designing more adaptive educational frameworks (Dimmock
etal, 2021; Tetzlaff et al., 2021). Therefore, this research holds both theoretical and practical relevance
within the Indonesian educational context. Understanding these dynamics is vital to building a more
responsive education system focused on developing essential student competencies.

Research on learning styles in mathematics education has revealed significant variations in
students’ conceptual understanding, problem-solving, and critical thinking performance depending on
whether they are visual, auditory, or kinesthetic learners (Emylia & Setyaningsih, 2025; Nuari etal., 2025;
Pramuditya & Masduki, 2025; Putri et al., 2024). Personalized and STEAM-based instruction has shown
promise in enhancing mathematical engagement, especially when aligned with learners’ cognitive styles
(Cao, 2025; Rezeki & Amelia, 2025). Field-independent learners with high self-efficacy also demonstrate
better critical thinking outcomes in numeracy tasks (Yustitia et al., 2025), and learning environments
such as mobile apps, Al platforms, and game-based tools improve mathematical reasoning across style
categories (Al-Barakat et al,, 2025; Egara & Mosimege, 2024; Feng, 2024; Piquer-Martinez et al., 2024;
Tirkoglu & Yalcinalp, 2024). Studies have also highlighted how textbook design, gender factors, and
national curricula affect the learning style-performance relationship (Alibraheim, 2025; Umar et al,,
2025; D. Walter et al., 2025). Cultural and contextual influences are particularly relevant in Southeast
Asian settings, where integrating local approaches into Al-enhanced learning creates new opportunities
for differentiated instruction (Ayob & Hamada, 2024; Payadnya et al, 2025). Further, learning
preferences also relate to how students perceive numeracy, risk, and diagnostic reasoning, especially in
interdisciplinary and higher education contexts (Demirkaya et al., 2025; Fallon et al., 2024; Ruiz-Ledesma
et al, 2025). Although these studies have expanded the theoretical and practical understanding of
learning styles in math education, few have directly mapped how each style affects core indicators of
critical thinking such as interpretation, evaluation, analysis, and inference—indicating a gap that this
study aims to address.

While the connection between learning styles and student achievement in mathematics has been
widely discussed, most existing research tends to generalize outcomes without examining how specific
cognitive processes—Ilike critical thinking—are influenced by different learning preferences. Studies
often emphasize test performance or engagement, but rarely explore how visual, auditory, or kinesthetic
styles interact with core thinking skills such as interpretation, evaluation, analysis, and inference.
Moreover, the majority of investigations do not directly address how these relationships manifest in
junior high school learners, a stage where foundational reasoning skills begin to develop significantly. As
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such, there remains a lack of empirical evidence on how learning preferences support or hinder the
growth of mathematical critical thinking. This oversight could lead to missed opportunities in designing
instruction that supports cognitive diversity in the classroom. Furthermore, although digital tools and
educational reforms have been introduced to personalize instruction, their alignment with students’
mental processing modes has not been fully explored from a critical thinking standpoint. These
limitations highlight the need for a focused analysis that links learning styles to cognitive indicators in
mathematics. Addressing this gap will contribute to more inclusive teaching models and provide better
instructional guidance based on actual learner characteristics.

This study is designed to explore the extent to which learning styles—categorized as visual,
auditory, and kinesthetic—impact the development of mathematical critical thinking among junior high
school students. The research seeks to identify whether and how each learning preference corresponds
with specific components of critical thinking, including the abilities to interpret problems, analyze
information, evaluate solutions, and draw logical conclusions. By focusing on these dimensions, the study
aims to offer insight into how cognitive styles influence students' reasoning in mathematical contexts.
The results are expected to assist educators in adapting instructional methods that better align with
learners' processing tendencies. In addition to contributing to the practice of differentiated instruction,
the study also aspires to fill a gap in theoretical understanding about how thinking skills emerge
differently across learning styles. Based on this objective, the research proposes a hypothesis that
students' dominant learning style significantly affects their critical thinking performance in solving
mathematics problems. This hypothesis provides a framework for further investigation into the
interaction between instructional strategies and cognitive characteristics. Ultimately, the study aims to
support more responsive and evidence-based mathematics education.

METHOD

Research Design

This study was conducted using a descriptive qualitative approach aimed at exploring how
students’ dominant learning styles influence their critical thinking skills in mathematics. The design
allowed the researcher to examine students’ reasoning patterns without manipulating any variables,
focusing on the natural processes by which learners engage with mathematical problems. The qualitative
orientation also supported the use of rich, contextual data drawn from student responses and behaviors
during task completion. A case study model was integrated to focus on selected individuals who represent
different learning modalities. The stages of the research included participant identification, classification
of learning styles, critical thinking task completion, and thematic analysis of responses. The choice of this
design was driven by the need to obtain in-depth, detailed insights into how cognitive preferences
manifest in real learning scenarios. This structure also enabled the documentation of qualitative
variations in mathematical thinking. The research emphasized authentic interaction with mathematical
content through tasks requiring interpretation, analysis, evaluation, and inference.

Participants

The participants were selected from junior high school students through purposive sampling,
aimed at capturing learners who strongly represent the three major learning styles: visual, auditory, and
kinesthetic. The classification of students was based on the results of a structured learning style
inventory. Six students were chosen, comprising two from each learning style category, based on the
clarity of their profile and their agreement to participate. Selection also considered consistent academic
attendance, teacher recommendation, and parental consent. The participants engaged in mathematical
tasks that required higher-order thinking. This small, focused group was intended to provide depth over
breadth in exploring how thinking patterns differ across learning preferences. The diversity in styles
ensured that cognitive variation could be meaningfully observed and compared. The ethical aspects of
participation were addressed through informed consent and anonymity protocols.
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Instruments

Two core instruments were employed in this study. The first was a learning style questionnaire
adapted from the VAK (Visual, Auditory, Kinesthetic) model, designed to determine students’ preferred
mode of information processing. It consisted of multiple-choice items covering daily learning habits and
tendencies. The second instrument was a mathematics task set designed to elicit critical thinking across
four domains: interpreting problems, analyzing data, evaluating reasoning, and drawing logical
conclusions. These tasks were created with reference to Bloom'’s taxonomy and aligned with topics
familiar to junior high school students. Additionally, an observation guide and interview framework were
used to collect supporting qualitative data. The instruments underwent expert validation to ensure that
they accurately targeted the skills and cognitive processes under investigation. Together, these tools
provided both classification of learner types and insight into their cognitive performance in mathematics.

Data Analysis

The collected data were examined using a thematic analysis technique, which involved categorizing
student responses based on critical thinking indicators. The process began with coding transcripts from
task responses, observations, and interviews. Patterns were identified and grouped according to the
dimensions of critical thinking: interpretation, analysis, evaluation, and inference. Coding reliability was
enhanced by involving two independent reviewers. A triangulation process, combining task outcomes
with observational and interview data, was used to improve validity. The analytical stages followed the
model of data reduction, data display, and drawing conclusions. These steps allowed for systematic
condensation and organization of findings before interpretation. This process ultimately supported the
development of conclusions about the connection between learning preferences and critical thinking
behavior in mathematics. To clarify the flow of the research method, here is a visualization of the process
in the form of a flowchart:

Desain Penelitian:
Deskriptif Kualitatif

Pemilihan Partisipan:

Instru/ \Insmﬂnen
Angket Ga% Tes Berpikir Kritis Matematis

Observasi & Wawancara

Analisis Data:
Reduksi, Penyajian, Kesimpulan

Uji Keabsahan:
Triangulasi Teknik dan Sumber

=

Figure 1. Flowchart of Method

RESULTS AND DISCUSSION

Results

The analysis of student responses revealed that each learning style group—visual, auditory, and
kinesthetic—exhibited distinct tendencies in demonstrating critical thinking skills during mathematics
problem-solving. Students with a visual learning style showed notable strengths in interpreting visual
information and performing analytical tasks, particularly when supported by diagrams or structured
layouts. Those identified as auditory learners were more proficient in articulating their reasoning and
evaluating mathematical arguments during verbal discussions. On the other hand, kinesthetic learners
excelled in inference-based tasks, especially those that involved physical or contextual exploration.
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Despite these unique strengths, the evaluation aspect of critical thinking appeared to be underdeveloped
across all learning styles. For instance, although visual learners could interpret and analyze data well,
they often lacked the ability to critically judge the validity of arguments. Similarly, kinesthetic learners
demonstrated inferential understanding but struggled when asked to justify solutions through critical
examination. These patterns were evident from the triangulated data, which included students’ task
responses, observation notes, and interview transcripts.

Profile of Critical Thinking Indicators Based on Learning Styles™ ”
Interpretation e

Infere: Arlalysis

Evaluation

Figure 2. Radar Chart of Critical Thinking Indicators Based on Learning Styles

Discussion

This study highlights the close connection between students’ learning styles and their ability to
engage in critical thinking within mathematics. Visual learners often find it easier to interpret symbols,
diagrams, or spatial representations, which in turn enhances their analytical performance (Nuari et al.,
2025; Emylia & Setyaningsih, 2025). In contrast, students with an auditory preference tend to perform
better when reasoning is expressed verbally, especially during discussions or explanations (Putri et al,,
2024). Kinesthetic learners show greater capacity in drawing conclusions when they can interact with
materials physically or situationally (Yustitia et al.,, 2025). These patterns suggest that each learning style
corresponds with certain strengths in thinking processes. Educators who understand this variation can
better design instructions to support diverse learners. If teaching does not accommodate these
differences, opportunities for critical engagement may be reduced. Therefore, learning environments
should be structured to reflect cognitive diversity.

Despite these differences, many schools still rely on conventional teaching styles that focus
primarily on visual and verbal input. Such methods may not offer sufficient support for kinesthetic
learners who require more active or experiential modes of learning (Pramuditya & Masduki, 2025). When
learning preferences are overlooked, students may struggle to connect with content and underperform
in complex tasks. For instance, a student may be capable of critical reasoning but unable to express it
effectively in a mismatched format. Differentiated learning strategies are necessary to make thinking
skills more accessible to all students. When instruction varies in format and delivery, students can
respond using their natural strengths (Cao, 2025). Inclusive teaching not only improves understanding
but also strengthens reasoning. This flexibility must be a standard part of lesson planning.

An important issue that emerged from this study was the limited ability of students to evaluate
mathematical reasoning. Although learners could often interpret and analyze problems, they found it
difficult to justify or critique their solutions (Yustitia et al., 2025). This suggests that evaluation, as a
thinking skill, is not emphasized strongly enough in daily instruction. Mathematics classrooms often
center on arriving at the correct answer, rather than questioning how or why that answer was reached
(Alibraheim, 2025). As a result, students may develop accuracy without reflection. To address this, tasks
should ask students to assess reasoning, compare strategies, or reflect on alternatives. Evaluation must
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become a visible part of how mathematical thinking is taught. Building metacognition requires more than
solving problems—it requires asking students to think about their thinking.

Allowing students to express ideas in varied ways can help them process and clarify their
reasoning. Auditory learners showed improvement when explaining solutions aloud, reinforcing their
understanding through verbal explanation (Putri et al., 2024). Visual learners benefited from drawing
their reasoning in the form of diagrams or concept maps. Meanwhile, kinesthetic learners gained clarity
when physically engaging with the learning environment or modeling concepts (Tiirkoglu & Yalcinalp,
2024). A one-size-fits-all method for expression can obscure students’ true abilities. By using multimodal
instruction and assessment, educators can observe how students think more clearly. Multiple forms of
expression allow for more personalized feedback and greater inclusion. These strategies also help bridge
the gap between surface-level understanding and deeper reasoning.

Effective mathematics teaching must prioritize adaptability to meet learners’ cognitive needs.
When instruction is overly rigid or standardized, it may hinder students from connecting meaningfully
with mathematical content (Ayob & Hamada, 2024). Instructional variation not only enhances
engagement but also supports the development of high-level thinking. For example, using stories or
discussions may support auditory learners, while games or manipulation tools may help kinesthetic
learners. Visual learners can be challenged with data interpretation through graphs or visual aids. By
combining multiple strategies, teachers can ensure all students are challenged appropriately (Cao, 2025).
This kind of responsive instruction supports not just learning, but deeper, self-regulated thinking.
Educators should strive to move beyond routine instruction and into cognitively stimulating practice.

[tis important to note that students rarely fit entirely within one learning style. Many students shift
preferences depending on the task, context, or subject (Demirkaya et al.,, 2025). In this study, several
students exhibited mixed behaviors, switching between visual and auditory approaches as needed. These
overlaps suggest that learning preferences should be viewed as dynamic and context sensitive. Teachers
must be attentive to these shifts and avoid assigning students to fixed categories. A flexible mindset
allows instruction to evolve alongside student needs (Feng, 2024). Responding to how students learn in
real time helps promote independence and deeper thinking. Ultimately, teaching should encourage
students to explore and develop strategies that suit them best.

Thinking skills in mathematics are also shaped by the environment, not just the learner. The
structure of the curriculum, the types of assessment used, and the goals emphasized by schools all
influence how students think. When evaluation is not embedded into learning activities, students may
develop a narrow view of mathematics (Walter et al., 2025). This study suggests that instructional
practices must include space for reflective and evaluative tasks. Teachers should be encouraged and
trained to design problems that invite explanation and reasoning (Egara & Mosimege, 2024). Supporting
teachers in this process will lead to a shift from performance-oriented to thinking-oriented instruction.
It is essential for the system to value critical thinking, not just correct answers. Changing mindsets about
what matters in math learning is part of long-term educational reform.

In sum, this research demonstrates that students’ learning styles contribute significantly to how
they develop critical thinking in mathematics. While each style shows strengths in different cognitive
areas, none performed strongly across all dimensions (Emylia & Setyaningsih, 2025; Yustitia et al., 2025).
Evaluation was a common area of difficulty that deserves focused attention in instruction (Putri et al,,
2024). Instruction should be guided by learning styles but not restricted by them. Teachers must stay
flexible and responsive as students engage in tasks in different ways. The goal is not only to improve
understanding but to build independent, self-aware thinkers. Effective instruction should support this
transformation. Cultivating critical thinkers starts by acknowledging and valuing how students learn.

Implications
Although this study contributes useful insights, several limitations need to be acknowledged before

generalizing the findings. The study involved only a small number of participants from a single school,
which narrows the range of learning contexts represented. As a result, the conclusions drawn may not
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apply broadly across different educational settings or age groups. The identification of learning styles
relied on self-reported responses, which can sometimes be inconsistent or oversimplified. The study also
took place over a limited time, preventing observation of long-term changes in students’ thinking
development. Additionally, the influence of external factors such as classroom climate, teaching style, or
student motivation was not examined in depth. While triangulation was used to ensure credibility,
qualitative interpretation always carries some degree of subjectivity. These limitations serve as
important considerations when applying this study’s outcomes to wider practices or policies.
Limitations

Although this study offers meaningful insights, it is limited by several factors that must be
acknowledged. The sample size was relatively small, consisting of only six students, which limits the
generalizability of the results. All participants were drawn from a single school environment, reducing
the potential diversity of learning contexts. Additionally, the classification of learning styles relied on self-
report questionnaires, which may not fully capture the complexity of each student’s cognitive profile. The
study was also conducted within a short time frame, preventing the observation of long-term cognitive
development. Other variables such as prior knowledge, motivation, and teaching quality were not deeply
explored but may have influenced student performance. Despite efforts to ensure data validity through
triangulation, qualitative interpretation remains subject to researcher bias. These limitations should be
considered when applying the findings to broader educational settings.

Suggestions

Future researchers are encouraged to explore the relationship between learning styles and critical
thinking using larger and more varied samples. Expanding the setting across different schools or regions
can provide broader perspectives on how learning preferences influence problem-solving. A longer study
duration could also reveal how these thinking skills evolve over time with consistent exposure to
differentiated instruction. Combining qualitative insights with quantitative data from critical thinking
assessments would help increase the reliability of the findings. Researchers might also study how digital
tools interact with different learning preferences in the mathematics classroom. Exploring teacher
practices that support evaluation and reasoning skills across styles would also be valuable. Further
research should consider how to design adaptable instructional models that are easy to implement across
levels. Ultimately, improving thinking skills in mathematics depends on continued effort to connect
pedagogy with how students learn best.

CONCLUSION

This research highlights the significant impact of learning styles (visual, auditory, and kinesthetic)
on students' critical thinking abilities in mathematics. Visual learners performed better in tasks involving
analysis and evaluation, benefiting from visual aids like diagrams, while kinesthetic learners excelled in
tasks that required physical engagement but faced challenges with abstract reasoning. Auditory learners
demonstrated strength in verbal analysis but struggled with tasks that required hands-on or visual
methods. The study underscores the importance of adapting teaching strategies to align with students’
learning preferences, suggesting that personalized instruction can foster improved critical thinking skills.
While the study is limited by its cross-sectional design and the scope of the critical thinking assessments,
it provides valuable insights into how differentiated teaching approaches can enhance mathematical
problem-solving and analytical thinking.

AUTHOR CONTRIBUTIONS STATEMENT

Endang Yuliani: Conceptualized the study, developed the research methodology, and conducted the data
analysis. Contributed significantly to the interpretation of results and writing of the manuscript.
Iskandar: Assisted in the data collection process, particularly with the student surveys and tests, and
contributed to the manuscript’s editing and finalization.

24 Yuliani, et al



Ummi Rosyidah: Reviewed and provided valuable input during the early stages of the research,
especially regarding theoretical frameworks and literature review.

Irma Ayuwanti: Provided critical feedback on the research design and methodology, and contributed to
the manuscript revisions, ensuring academic rigor and coherence.

References

Afni, N.,, & Hartono. (2020). Contextual teaching and learning (CTL) as a strategy to improve students
mathematical literacy. Journal of  Physics: Conference Series, 1581(1).
https://doi.org/10.1088/1742-6596/1581/1/012043

Alasadi, E. A,, & Baiz, C. R. (2023). Generative Al in Education and Research: Opportunities, Concerns, and
Solutions. Journal of Chemical Education, 100(8), 2965-2971.
https://doi.org/10.1021/acs.jchemed.3c00323

Al-Barakat, A. A, El-Mneizel, A. F., Al-Qatawneh, S. S., AlAlj, R. M., Aboud, Y. Z., & Ibrahim, N. A. H. (2025).
Investigating the Role of Digital Game Applications in Enhancing Mathematical Thinking Skills in
Primary School Mathematics Students. Decision Making: Applications in Management and
Engineering, 8(1), 132-146. Scopus. https://doi.org/10.31181/dmame8120251301

Alibraheim, E. A. (2025). Teachers’ perceptions: What happened after more than 10 years of developing
the mathematics textbook. Eurasia Journal of Mathematics, Science and Technology Education,
21(2). Scopus. https://doi.org/10.29333 /ejmste/15914

Allen, D. E., Donham, R. S,, & Bernhardt, S. A. (2011). Problem-Based Learning. New Directions for Teaching
and Learning, 128. https://doi.org/10.1002/t1.456

Ayob, H. H., & Hamada, T. I. (2024). Teaching mathematics in an EFL context at higher education; before,
during and after the COVID-19 pandemic: A comparative study. Journal of Applied Research in
Higher Education, 16(5), 2262-2272. Scopus. https://doi.org/10.1108/JARHE-05-2023-0186

Beck, D., Morgado, L., & O’Shea, P. (2024). Educational Practices and Strategies With Immersive Learning
Environments: Mapping of Reviews for Using the Metaverse. IEEE Transactions on Learning
Technologies, 17, 319-341. https://doi.org/10.1109/TLT.2023.3243946

Bellaera, L., Weinstein-Jones, Y., llie, S., & Baker, S. T. (2021). Critical thinking in practice: The priorities
and practices of instructors teaching in higher education. Thinking Skills and Creativity, 41,
100856. https://doi.org/10.1016/j.tsc.2021.100856

Bhardwaj, V., Zhang, S., Tan, Y. Q., & Pandey, V. (2025). Redefining learning: Student-centered strategies
for academic and personal growth. Frontiers in Education, 10, 1518602.
https://doi.org/10.3389 /feduc.2025.1518602

Brennner, M. E. (1994). A communication Framework for Mathematics. In Language and learning:
Educating linguistically diverse students. State University of New York Press.

Calma, A., & and Davies, M. (2021). Critical thinking in business education: Current outlook and future
prospects. Studies in Higher Education, 46(11), 2279-2295.
https://doi.org/10.1080/03075079.2020.1716324

Castro-Alonso, ]J. C., de Koning, B. B, Fiorella, L., & Paas, F. (2021). Five Strategies for Optimizing
Instructional Materials: Instructor- and Learner-Managed Cognitive Load. Educational Psychology
Review, 33(4), 1379-1407. https://doi.org/10.1007/s10648-021-09606-9

Charalambous, C. Y., Praetorius, A.-K,, Sammons, P., Walkowiak, T., Jentsch, A., & Kyriakides, L. (2021).
Working more collaboratively to better understand teaching and its quality: Challenges faced and
possible solutions. Studies in Educational Evaluation, 71, 101092.
https://doi.org/10.1016/j.stueduc.2021.101092

Chui, T. K. S.,, Molesworth ,Brett R. C., & and Bromfield, M. A. (2021). Feedback and Student Learning:
Matching Learning and Teaching Style to Improve Student Pilot Performance. The International

Journal of Aerospace Psychology, 31(2), 71-86.
https://doi.org/10.1080/24721840.2020.1847650

Cope, B, Kalantzis ,Mary, & and Searsmith, D. (2021). Artificial intelligence for education: Knowledge and
its assessment in Al-enabled learning ecologies. Educational Philosophy and Theory, 53(12),
1229-1245. https://doi.org/10.1080/00131857.2020.1728732

Cox,]. (2021). The higher education environment driving academic library strategy: A political, economic,
social and technological (PEST) analysis. The Journal of Academic Librarianship, 47(1), 102219.
https://doi.org/10.1016/j.acalib.2020.102219

Exploring the Influence of Learning Styles on .... 25



Cruz, G., Payan-Carreira ,Rita, Dominguez ,Caroline, Silva ,Helena, & and Morais, F. (2021). What critical
thinking skills and dispositions do new graduates need for professional life? Views from
Portuguese employers in different fields. Higher Education Research & Development, 40(4), 721-
737. https://doi.org/10.1080/07294360.2020.1785401

Demirkaya, O., Frey, S., Sharairi, S., & Kim, ]. P. (2025). Latent Profile Analysis: Comparison of Achievement
versus Ability-Derived Subgroups of Mathematical Skills. International Electronic Journal of
Elementary Education, 17(2), 289-304. Scopus. https://doi.org/10.26822 /iejee.2025.379

Dimmock, C., Tan, C. Y., Nguyen, D., Tran, T. A, & Dinh, T. T. (2021). Implementing education system
reform: Local adaptation in school reform of teaching and learning. International Journal of
Educational Development, 80, 102302. https://doi.org/10.1016/j.ijjedudev.2020.102302

Druken, B., & Marzocchi, A. (2024). Co-teaching Strategies in Action: Selection and Implementation in a
Mathematics Course for Pre-service Teachers. Mathematics Teacher Education and Development,
26(2). Scopus.

Egara, F. 0., & Mosimege, M. (2024). Exploring the Integration of Artificial Intelligence-Based ChatGPT
into Mathematics Instruction: Perceptions, Challenges, and Implications for Educators. Education
Sciences, 14(7). Scopus. https://doi.org/10.3390/educsci14070742

Emylia, M. M,, & Setyaningsih, N. (2025). Student’s Mathematical Literacy in Solving Arithmetic Sequence
and  Series  Problems  Reviewed  from Learning  Style. 3142(1). Scopus.
https://doi.org/10.1063/5.0262128

Ewing, B. (2011). Direct instruction in mathematics: Issues for schools with high indigenous enrolments:
A literature review. Australian Journal of Teacher Education, 36(5), 64-91.
https://doi.org/10.14221/ajte.2011v36n12.8

Eysenbach, G. (2023). The Role of ChatGPT, Generative Language Models, and Artificial Intelligence in
Medical Education: A Conversation With ChatGPT and a Call for Papers. JMIR Medical Education,
9(1), e46885. https://doi.org/10.2196 /46885

Fallon, E., Bargary, N,, Quinn, F., Leavy, A., & Hannigan, A. (2024). Words and numbers: A comparative
study of medical and journalism students’ descriptors of risk, numeracy and preferences for
health risk communication. BMC Medical Education, 24(1). Scopus.
https://doi.org/10.1186/s12909-024-05048-3

Fariani, R. I, Junus, K., & Santoso, H. B. (2023). A Systematic Literature Review on Personalised Learning
in the Higher Education Context. Technology, Knowledge and Learning, 28(2), 449-476.
https://doi.org/10.1007/s10758-022-09628-4

Feng, T. (2024). The impact of cloud technology and the MatLab app on the academic performance and
cognitive load of further mathematics students. Education and Information Technologies, 29(11),
13577-13593. Scopus. https://doi.org/10.1007/s10639-023-12386-0

Garcia-Pérez, L., Garcia-Garnica, M., & Olmedo-Moreno, E. M. (2021). Skills for a Working Future: How to
Bring about Professional Success from the Educational Setting. Education Sciences, 11(1), Article
1. https://doi.org/10.3390/educsci11010027

Hallarte, D. K., Camaongay, Q. M., Congson, ]., Cuamag, S., Datosme, |., Laude, V. K. B,, Milano, M. L,
Gonzales, R., & Gonzales, G. (2024). Modeling self-regulation in learning mathematics through
teacher-promoting interaction and parental support among STEM learners: The mediating role of
intrinsic ~ motivation. = Social  Sciences @ and  Humanities  Open, 10.  Scopus.
https://doi.org/10.1016/j.ssah0.2024.101135

Hansen, E. K. S. (2022). Students’ agency, creative reasoning, and collaboration in mathematical problem
solving. Mathematics Education Research Journal, 34(4), 813-834.
https://doi.org/10.1007/s13394-021-00365-y

Henry]., ].N,, Grimaldo, Q. S., Rodriguez Cangalaya, N., & Miriam Z., E. V. (2024). The Creation of Mnemonics
in the Virtual Teaching of Mathematics to Engineering Students. Proceedings of the 2024 IEEE 4th
International Conference on Advanced Learning Technologies for Education and Research,
ICALTER 2024. Scopus. https://doi.org/10.1109/ICALTER65499.2024.10819222

Indrasiené, V., Jegeleviciené, V., Merfeldaiteé, O., Penkauskieng, D., Pivoriené, ]., Railiené, A., Sadauskas, J.,
& Valavic¢iené, N. (2021). Linking Critical Thinking and Knowledge Management: A Conceptual
Analysis. Sustainability, 13(3), Article 3. https://doi.org/10.3390/su13031476

Just, J., & Siller, H.-S. (2022). The Role of Mathematics in STEM Secondary Classrooms: A Systematic
Literature Review. Education Sciences, 12(9), Article 9.
https://doi.org/10.3390/educsci12090629

26 Yuliani, et al



Kasneci, E., Sessler, K., Kiichemann, S., Bannert, M., Dementieva, D., Fischer, F. Gasser, U., Groh, G.,
Gilinnemann, S., Hiilllermeier, E., Krusche, S., Kutyniok, G., Michaeli, T., Nerdel, C., Pfeffer, J., Poquet,
0., Sailer, M., Schmidt, A., Seidel, T., ... Kasneci, G. (2023). ChatGPT for good? On opportunities and
challenges of large language models for education. Learning and Individual Differences, 103,
102274. https://doi.org/10.1016/j.lindif.2023.102274

Khan, N., Sarwar, A., Chen, T. B., & Khan, S. (2022). Connecting Digital Literacy in Higher Education to the
21st Century Workforce. Knowledge Management & E-Learning, 14(1), 46-61.

Kizilaslan, A., Zorluoglu ,S. Levent, & and Sozbilir, M. (2021). Improve learning with hands-on classroom
activities: Science instruction for students with visual impairments. European Journal of Special
Needs Education, 36(3), 371-392. https://doi.org/10.1080/08856257.2020.1732110

Kohen, Z., & Orenstein, D. (2021). Mathematical modeling of tech-related real-world problems for
secondary school-level mathematics. Educational Studies in Mathematics, 107(1), 71-91.
https://doi.org/10.1007 /s10649-020-10020-1

Krishnamoorthy, R., Prelatha, R, David, T. K, & Manikam, M. K. (2021). The Implementation of
Behaviorism, Constructivism and Information Processing Theory in Instructional Design Practice
Activities-a Review. International Journal of Education and Pedagogy (IJEAP), 3(2), 37-44.

Kwangmuang, P., Jarutkamolpong, S., Sangboonraung, W., & Daungtod, S. (2021). The development of
learning innovation to enhance higher order thinking skills for students in Thailand junior high
schools. Heliyon, 7(6). https://doi.org/10.1016/j.heliyon.2021.e07309

Lawrence, M. G., Williams, S., Nanz, P., & Renn, 0. (2022). Characteristics, potentials, and challenges of
transdisciplinary research. One Earth, 5(1), 44-61.
https://doi.org/10.1016/j.oneear.2021.12.010

Li, L. (2024). Reskilling and Upskilling the Future-ready Workforce for Industry 4.0 and Beyond.
Information Systems Frontiers, 26(5), 1697-1712. https://doi.org/10.1007/s10796-022-10308-
y

Li, R, Cevikbas, M., & Kaiser, G. (2024). Mathematics teachers’ beliefs about their roles in teaching
mathematics: Orchestrating scaffolding in cooperative learning. Educational Studies in
Mathematics, 117(3), 357-377. Scopus. https://doi.org/10.1007 /s10649-024-10359-9

Lin, X.-F., Hwang ,Gwo-Jen, Wang ,Jing, Zhou,Yue, Li Wenyi, Liu,Jiachun, & and Liang, Z.-M. (2023). Effects
of a contextualised reflective mechanism-based augmented reality learning model on students’
scientific inquiry learning performances, behavioural patterns, and higher order thinking.
Interactive Learning Environments, 31(10), 6931-6951.
https://doi.org/10.1080/10494820.2022.2057546

Lo, L. S. (2023). The CLEAR path: A framework for enhancing information literacy through prompt
engineering. The Journal of  Academic Librarianship, 49(4), 102720.
https://doi.org/10.1016/j.acalib.2023.102720

Matzavela, V., & Alepis, E. (2021). Decision tree learning through a Predictive Model for Student Academic
Performance in Intelligent M-Learning environments. Computers and Education: Artificial
Intelligence, 2, 100035. https://doi.org/10.1016/j.caeai.2021.100035

Meiriyanti, M., Suhendra, S., & Nurlaelah, E. (2018). Improving mathematical communication ability
through problems based learning model. International Conference on Mathematics and Science
Education of Universitas Pendidikan Indonesia, 3, 739-744.

Michel-Villarreal, R., Vilalta-Perdomo, E., Salinas-Navarro, D. E., Thierry-Aguilera, R., & Gerardou, F. S.
(2023). Challenges and Opportunities of Generative Al for Higher Education as Explained by
ChatGPT. Education Sciences, 13(9), Article 9. https://doi.org/10.3390/educsci13090856

Niyazi, X., & Wu, X. (2024). Research on the correlation between teacher classroom questioning types and
student thinking development from the perspective of discourse analysis. Instructional Science,
52(6),997-1019. Scopus. https://doi.org/10.1007 /s11251-024-09683-7

Nuari, R. Z,, Waluyo, M., Sudarmanto, E. & Noor, A. F. (2025). Analysis of Middle School Students
Mathematical Literacy Ability in View of Learning Style. 3142(1). Scopus.
https://doi.org/10.1063/5.0262159

Odiri Amatari, V. (2015). The Instructional Process: A Review of Flanders’ Interaction Analysis in a
Classroom  Setting. International Journal of Secondary  Education, 3(5), 43.
https://doi.org/10.11648/j.ijjsedu.20150305.11

Oppong-Gyebi, E., Bonyah, E., & Clark, L. ]. (2022). Constructive instructional teaching and learning
approaches and their mathematical classroom teaching practices: A junior high school

Exploring the Influence of Learning Styles on .... 27



perspective.  Contemporary  Mathematics and Science Education, 4(1), ep23002.
https://doi.org/10.30935/conmaths/12541

Payadnya, L. P. A. A, Putri, G. A. M. A, Suwija, L. K,, Saelee, S., & Jayantika, I. G. A. N. T. (2025). Cultural
integration in Al-enhanced mathematics education: Insights from Southeast Asian educators.
Journal for Multicultural Education, 19(1), 58-72. Scopus. https://doi.org/10.1108/JME-09-
2024-0119

Piquer-Martinez, C., Valverde-Merino, M. 1., Gomez-Guzman, M., & Zarzuelo, M. ]. (2024). Gender-based
differences in gamification and mobile learning. Acta Physiologica, 240(9). Scopus.
https://doi.org/10.1111/apha.14206

Plowman, D., Jimenez, D., Tang, S., & Ewing, ]. (2024). Professional Development Experiences Designed to
Develop Teachers’ Empathy and Engagement with Emergent Bilinguals in Mathematics.
International  Electronic Journal of Elementary Education, 17(1), 35-50. Scopus.
https://doi.org/10.26822 /iejee.2024.362

Plummer, K. J., Kebritchi, M., Leary, H. M., & Halverson, D. M. (2022). Enhancing Critical Thinking Skills
through Decision-Based Learning. [Innovative Higher Education, 47(4), 711-734.
https://doi.org/10.1007/s10755-022-09595-9

Pozas, M., Letzel, V., Bost, N., & Reichertz, ]. (2022). Confident, positive, but interested? Exploring the role
of teachers’ interest in their practice of differentiated instruction. Frontiers in Education, 7.
https://doi.org/10.3389 /feduc.2022.964341

Pramuditya, B. A. & Masduki. (2025). Exploring the Pre-service Mathematics Teacher’s Algebraic Thinking
in Term of Inventory Learning Style: Focus on Functional Thinking. 3142(1). Scopus.
https://doi.org/10.1063/5.0262116

Putri, F. M,, Juandi, D., & Sohibun, S. (2024). Analysis of Prospective Teachers’ Mathematical Concept
Understanding Ability in View of  Learning Styles. 3235(1). Scopus.
https://doi.org/10.1063/5.0234544

Reeve, ]., & and Cheon, S. H. (2021). Autonomy-supportive teaching: Its malleability, benefits, and
potential to improve educational practice. Educational Psychologist, 56(1), 54-77.
https://doi.org/10.1080/00461520.2020.1862657

Rohm, A. ], Stefl, M., & Ward, N. (2021). Future Proof and Real-World Ready: The Role of Live Project-
Based Learning in Students’ Skill Development. Journal of Marketing Education, 43(2), 204-215.
https://doi.org/10.1177/02734753211001409

Ruiz-Ledesma, E. F., Chavarria-Baez, L., & Palma-Orozco, R. (2025). Study of variables involved in the
academic performance of mathematics in university students. 2025-March, 110-114. Scopus.
https://doi.org/10.54808/CICIC2025.01.110

Shorey, S., Chan, V., Rajendran, P., & Ang, E. (2021). Learning styles, preferences and needs of generation
Z healthcare students: Scoping review. Nurse Education in Practice, 57, 103247.
https://doi.org/10.1016/j.nepr.2021.103247

Shute, V. ], & Rahimi, S. (2021). Stealth assessment of creativity in a physics video game. Computers in
Human Behavior, 116, 106647. https://doi.org/10.1016/j.chb.2020.106647

Sibgatullin, I. R., Korzhuev, A. V., Khairullina, E. R,, Sadykova, A. R,, Baturina, R. V., & Chauzova, V. (2022).
A Systematic Review on Algebraic Thinking in Education. EURASIA Journal of Mathematics, Science
and Technology Education, 18(1). https://eric.ed.gov/?id=E]1329599

Simile, 0. (2024). ‘Hapa ni wapi? (Where is this?)’: a linguistic and discursive examination of students-
teacher dynamics in education. Cogent Education, 11(1). Scopus.
https://doi.org/10.1080/2331186X.2024.2354140

Smith, K., Maynard, N., Berry, A., Stephenson, T., Spiteri, T., Corrigan, D., Mansfield, |., Ellerton, P., & Smith,
T. (2022). Principles of Problem-Based Learning (PBL) in STEM Education: Using Expert Wisdom
and Research to Frame Educational Practice. Education Sciences, 12(10), Article 10.
https://doi.org/10.3390/educsci12100728

Spaska, A. M., Savishchenko, V. M., Komar, O. A, ?ritchenko, T. Y., & Maidanyk, 0. V. (2021). Enhancing
Analytical Thinking in Tertiary Students Using Debates. European Journal of Educational Research,
10(2), 879-889.

Tetzlaff, L., Schmiedek, F., & Brod, G. (2021). Developing Personalized Education: A Dynamic Framework.
Educational Psychology Review, 33(3), 863-882. https://doi.org/10.1007/s10648-020-09570-w

Tiurkoglu, H., & Yalcinalp, S. (2024). Investigating problem-solving behaviours of university students
through an eye-tracking system using GeoGebra in geometry: A case study. Education and

28 Yuliani, et al



Information Technologies, 29(12), 15761-15791. Scopus. https://doi.org/10.1007 /s10639-024-
12452-1

Umar, Ibnusaputra, M., Kadir, A., Firdaus, A. Y., Hendra, Retnoningsih, & Jayanti, M. I. (2025). Impact of
Implementation the Merdeka Curriculum on the Effectiveness of Children’s Learning Styles: A
Review Based on Gender and Subject. Educational Process: International Journal, 14. Scopus.
https://doi.org/10.22521/edupij.2025.14.88

Walter, D., Bergmann, A., Maibach, M., Huethorst, L., Reinartz, L., Griinewald, N., Selter, C., & Harrer, A.
(2025). How pre-service teachers can be supported to increase their diagnostic skills in
mathematics—Design and evaluation of a learning platform for university teacher training.
Frontiers in Education, 10. Scopus. https://doi.org/10.3389 /feduc.2025.1510828

Walter, Y. (2024). Embracing the future of Artificial Intelligence in the classroom: The relevance of Al
literacy, prompt engineering, and critical thinking in modern education. International Journal of
Educational Technology in Higher Education, 21(1), 15. https://doi.org/10.1186/s41239-024-

00448-3
Wei, L. (2023). Artificial intelligence in language instruction: Impact on English learning achievement, L2
motivation, and self-regulated learning. Frontiers in Psychology, 14.

https://doi.org/10.3389 /fpsyg.2023.1261955

Whalen, K., & and Paez, A. (2021). Student perceptions of reflection and the acquisition of higher-order
thinking skills in a university sustainability course. Journal of Geography in Higher Education,
45(1), 108-127. https://doi.org/10.1080/03098265.2020.1804843

Wijaya, T. T., Cao, Y., & Li, X. (2024). The Impact of Digital Mathematics Textbooks on Teacher-Student
Interaction: Evidence from Behavioral Sequence Analysis. International Journal of Human-
Computer Interaction. Scopus. https://doi.org/10.1080/10447318.2024.2426033

Yotta, E. G. (2023). Accommodating students’ learning styles differences in English language classroom.
Heliyon, 9(6). https://doi.org/10.1016/j.heliyon.2023.e17497

Yu, H. (2023). Reflection on whether Chat GPT should be banned by academia from the perspective of
education and teaching. Frontiers in Psychology, 14.
https://doi.org/10.3389/fpsyg.2023.1181712

Yuan, R, & and Liao, W. (2023). Critical thinking in teacher education: Where do we stand and where can
we go? Teachers and Teaching, 29(6), 543-552.
https://doi.org/10.1080/13540602.2023.2252688

Yustitia, V., Murti, V. S., Kusmaharti, D., & Faridah, L. (2025). ENHANCING STUDENTS’ CRITICAL
THINKING IN NUMERACY PROBLEM-SOLVING THROUGH A FIELD-INDEPENDENT LEARNING
STYLE AND HIGH SELF EFFICACY. Jurnal Ilmiah Ilmu Terapan Universitas Jambi, 9(1), 119-129.
Scopus. https://doi.org/10.22437 /jiituj.v9i1.36525

Zhang, Q., & Wang, Y. (2024). A Comparative Study of Teacher-Student Verbal Interaction in Primary
School Mathematics Classroom Teachers——Taking Novice Teachers and Expert Teachers as
Examples. Journal of Educational Technology Development and Exchange, 17(2), 296-314. Scopus.
https://doi.org/10.18785/jetde.1702.14

Zhao, Y., Zhao, M., & Shi, F. (2024). Integrating Moral Education and Educational Information Technology:
A Strategic Approach to Enhance Rural Teacher Training in Universities. Journal of the Knowledge
Economy, 15(3), 15053-15093. https://doi.org/10.1007 /s13132-023-01693-z

Exploring the Influence of Learning Styles on .... 29



