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Abstract

Students’ mathematical problem-solving ability remains a challenge in
secondary education, particularly due to the dominance of teacher-
centered conventional methods. This study aims to analyze the
effectiveness of the Problem Based Learning (PBL) model in relation to
students’ learning styles (visual, auditory, and kinesthetic) on
mathematical problem-solving skills. A quantitative approach with a
quasi-experimental design was employed, involving 60 eleventh-grade
students divided into experimental (PBL) and control (conventional)
groups. Research instruments included a problem-solving test and a
learning style questionnaire, with data analyzed using Two-Way
ANOVA. The results revealed that: (1) there were significant differences
in problem-solving abilities based on students’ learning styles; (2) the
PBL. model was more effective than the conventional model; and (3) a
significant interaction existed between learning models and learning
styles in influencing students’ problem-solving performance. Therefore,
implementing PBL in alignment with students’ learning styles is proven
to enhance the effectiveness of mathematics instruction in secondary
schools.

Keywords: Problem Based Learning, learning styles, problem-solving,
mathematics instruction
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1. INTRODUCTION

The development of science, technology, and information in the
21st century has brought significant impacts across various aspects
of life, particularly in the field of education. The quality and
competitiveness of a nation are determined by the quality of its
human resources, which can be shaped through an effective education
system [1]. In this context, 2lst-century learning emphasizes
students’ ability to seek knowledge from diverse sources, formulate
problems, think analytically, and collaborate in solving problems [2].

Problem-solving ability is crucial in mathematics education.
According to the National Council of Teachers of Mathematics [3],
problem-solving is regarded as a key standard. Students are not only
expected to memorize formulas but also to understand mathematical
concepts and apply them to solve complex, contextual problems.
Nevertheless, the Programme for International Student Assessment
report indicates that Indonesian students’ mathematics performance
remains below the international average, with a score of 366
compared to the benchmark of 500 [4], [5]. This reflects the low level
of Indonesian students’ mathematical problem-solving ability.
Specifically, the problem-solving ability of students at public senior
high schools (SMA Negeri) in Lampung Province is still categorized as
moderate, with indicator achievement ranging from 40% to 70% having
met the minimum standard. Meanwhile, in Bandar Lampung City,
students’ problem-solving ability remains in the moderate category,
with indicator achievement of only 1-20%, although this represents a
10.08% increase compared to last year’s score for students who have
already reached the minimum competency level (Rapor Mutu
Pendidikan, 2023). Observations at SMA Negeri 11 Bandar Lampung

also reveal that many students experience difficulties in solving
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contextual mathematics problems. The teaching process is still
dominated by conventional, teacher-centered methods, thereby
limiting students’ opportunities to be active, think critically, and
collaborate [6]. As a result, students rely heavily on memorization and
struggle to apply mathematical concepts to real-life situations.

One alternative believed capable of addressing this issue is
Problem-Based Learning (PBL). PBL places real-world problems at the
core of learning, encouraging students to actively investigate, think
critically, and collaborate in finding solutions (Syamsinar, 2023).
Furthermore, the implementation of differentiated instruction based
on visual, auditory, and kinesthetic learning styles is expected to
enhance the effectiveness of PBL. Therefore, integrating PBL with
differentiated instruction can optimize students’ mathematical
problem-solving abilities.

Didartita & Irwandi, (2019) stated that the visual learning style
has the greatest influence on learning outcomes. The study by
Kinanthi et al., (2023) concluded that the differentiated learning
process using Problem-Based Learning (PBL) in mathematics
instruction showed improvement [7]. According to Wijayanti &
Kristiyowati, (2024), the findings indicate that instruction using the
Problem-Based Learning model with a differentiation approach based
on learning styles is proven effective [8]; the auditory learning style
significantly affects how students receive and process information.
Students who learn through listening tend to better understand
material delivered verbally. This is consistent with findings that the
direct instruction model, which emphasizes verbal interaction, can
enhance learning outcomes for students with an auditory learning
style [9].

Based on the above discussion, this study aims to examine the

implementation of the Problem-Based Learning model in relation to

62 =



Hipotenusa
Journal of Research Mathematics Education p-ISSN: 2621-0630
VOL.9 NO.I 2026 e-ISSN: 2723-486X

students’ learning styles and its impact on mathematical problem-
solving ability.
2. RESEARCH METHODS

This study employed a quantitative approach with a quasi-
experimental design, specifically a Non-Equivalent Control Group
Design. Two student groups were selected: an experimental group
that received instruction using the Problem-Based Learning (PBL)
model and a control group taught using conventional methods. Both
groups were administered pretests and posttests to measure
improvements in problem-solving ability [10].

The research population consisted of all senior high school
students in Bandar Lampung City during the 2025/2026 academic
year. The sample was selected using stratified random sampling
based on school performance levels—high, medium, and low. From
these schools, six classes were chosen, comprising three experimental
classes and three control classes. Each group was then further
classified according to students’ learning styles (visual, auditory,
kinesthetic) [11].

The research variables included: (1) independent variable:
instructional model (PBL vs. conventional), (2) moderator variable:
learning style (visual, auditory, kinesthetic), and (3) dependent
variable: mathematical problem-solving ability. Problem-solving
ability was measured using four indicators: understanding the
problem, devising a plan, carrying out the plan, and looking back at

the solution [12].
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Research Variables
Independent, moderator, and
dependent variables
identified.

Data Analysis

Descriptive and inferential
statistics employed for
analysis.

Learning Styles
Visual, auditory, and
kinesthetic learning styles
considered.

Figure 1. Research procedure and data analysis workflow

Data collection techniques included: (1) a descriptive test, (2) a
learning styles questionnaire, (3) classroom learning activity
observation, and (4) documentation. Research instruments consisted
of a problem-solving test containing six descriptive questions on
matrix topics, validated by experts; a Likert-scale learning styles
questionnaire; and a learning activity observation sheet.

Item Instrument Validation
= Validity testing was assessed by comparing the test items with

the instructional materials that had been taught.

» For the questionnaire, validity was evaluated through expert
judgment and item-total correlation analysis.

= Reliability testing refers to consistency. An instrument is
considered reliable if it produces the same results when
administered to the same group on different occasions or at
different times.

» [tem Difficulty level analysis was conducted to determine
whether each test item was difficult and to identify students’
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ability levels specifically, whether they were able to answer the

item correctly.

The learning style questionnaire was developed based on the
following indicators:

Visual: Learns through images or visual media; understands
position, numbers, and shapes well; neat and organized; less
disturbed by sounds; and has difficulty following verbal
instructions.

Auditory: Learns more effectively through listening; excels in
oral activities; sensitive to sounds or music; easily distracted
by noise; but generally weaker in visual tasks.

Kinesthetic: Prefers learning through physical activity; highly
attuned to body language; highly active and enjoys hands-on
experiences; but typically less neat and weaker in verbal
expression.

The data were analyzed using descriptive and inferential

statistics. Two-way ANOVA (Two-Way ANOVA) was employed to

examine the effects of the instructional model and learning style, as

well as their interaction, on students’ problem-solving ability [2]. The

hypothesis testing procedure was as follows:

a.

Formulating the hypotheses:
H, = The sample comes from a population that is normally
distributed.

H,= The sample does not come from a population that is
normally distributed.

Decision-making criteria:

Accept H, if the probability value (p-value) is greater than «

(0.05); reject Ho if the p-value is less than or equal to 0.05.

C.

Interpretation of results:

The test was conducted to determine:

a. Differences in problem-solving ability based on learning
styles (visual, auditory, kinesthetic).
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b. Differences in problem-solving ability based on
instructional model (conventional vs. PBL).

c. The presence of an interaction effect between learning style
and instructional model on students’ mathematical

problem-solving ability.

3. RESULTS AND DISCUSSION

In this research, the participants were divided into two groups:
a control group taught using conventional methods and an
experimental group of Grade XI students taught using the Problem-
Based Learning (PBL) model, each consisting of 30 students [13].

Several tests were conducted as follows:

a. Initial Ability Test

Prior to the treatment, an initial problem-solving ability test was
administered to both groups (control and experimental) using an
independent samples t-test. The normality test results indicated that
the data from both classes were normally distributed, with
significance values greater than 0.05. The homogeneity test also
confirmed that the variances of the two groups were homogeneous.
Subsequently, the t-test results showed no significant difference in
the initial problem-solving abilities between the two groups. This
indicates that both groups had equivalent baseline abilities before the

intervention was applied [14].

b. Hypothesis Testing

After the treatment was implemented, hypothesis testing was
conducted using Two-Way ANOVA to examine the effects of learning
style, instructional model, and their interaction on students’ problem-

solving ability.
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The test results revealed the following:
a. Distribution of Students’ Learning Styles

Tabel 1. Result of Students’ Learning Style Indicators

Class Visual Auditory Kinesthetic Total
XI-1 (PBL) 12 9 9 30
XI-3 11 10 9 30
Total 23 19 18 60

b. Average Problem-Solving Scores
Tabel 2. Average Problem-Solving Scores

Learning Style PBL (XI-1) Conventional (XI-
3)

Visual 85.4 76.2

Auditory 83.1 74.7

Kinesthetic 86.3 75.8

Average 84.93 75.57

c. Statistical Test (T-test) Hypotheses:

HO: There is no difference between the PBL and conventional
models.

H1: There is a difference between the PBL and conventional
models.

The results of the t-test calculation: t_count = 3.94, t_table
(df=58, a=0.05) = 2.00 Because t_count > t_table, then HO is rejected.
This means that there is a significant difference between the two

learning models.

The Interaction Table of Learning Styles and Instructional Models
further supports this result:
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a. Visual Learning Style

Students with a visual learning style taught using the PBL model
obtained the highest average score (85.4) compared to visual
learners in the conventional class (76.2). Visual learners tend to
understand information through sight, such as images, diagrams,
tables, colors, and symbols. They typically prefer visual learning
media, including instructional videos, animations, color-coded
notes, and concept maps or graphic organizers [15].

1) In the Conventional Model:
In the conventional model, which predominantly relies on

lectures and problem exercises without strong visual support,
visual learners receive insufficient stimulation aligned with
their learning style. This results in lower conceptual
understanding, as there is minimal visualization of matrix
structures, row operations, or the process of matrix inversion.

2) IN the PBL Model:
The PBL model encourages students to think actively and

independently by seeking solutions to contextual problems.
During this process, students frequently use visual media —
such as constructing diagrams of matrix operations, sketching
calculation steps, or watching video explanations of matrix
concepts. This significantly supports visual learners and leads
to a notable improvement in learning outcomes.

Result: Average score increased from 65 (Conventional) to 85
(PBL).

b. Auditory Learning Style
For auditory learners, students in the PBL class also

demonstrated better results (83.1) compared to those in the
conventional class (74.1). Auditory learners absorb information
effectively through listening — such as hearing teacher

explanations, participating in discussions, or reading aloud. They
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often remember content based on how it was delivered or the

speaker’s tone of voice.

1)

2)

In the Conventional Model:

This model can sometimes suit auditory learners, as teachers
primarily deliver instruction orally. However, its one-way
nature causes students to quickly lose focus due to the lack of
feedback or interactive discussion.

In the PBL Model:

In PBL, students engage in active group discussions, listen to
peers’ opinions, articulate their own ideas, and respond to
questions posed by the facilitator teacher. This verbal
interaction greatly assists auditory learners in comprehending
and retaining concepts such as the sequence of matrix
operations or solving systems of equations using matrices.

Result: Average score increased from 62 (Conventional) to 80
(PBL).

c. Kinesthetic Learning Style

Kinesthetic learners taught using the PBL model achieved a

higher average score (86.3) compared to those in the conventional

class (75.8). Kinesthetic learners learn most effectively through

physical movement, direct practice, or simulation. They tend to

dislike sitting for long periods, listening to lectures, or merely

reading.

1)

2)

In the Conventional Model:

This approach involves minimal physical activity. Kinesthetic
learners tend to become bored and passive quickly, leading to
low learning outcomes because they are not actively engaged in
the learning process.

In the PBL Model:

PBL enables students to engage in hands-on practice — such as
arranging matrix operations using cut-out paper, simulating

matrix construction, sequencing determinant and inverse
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calculations, and solving real-world case studies. These

activities provide kinesthetic learners with opportunities to

experience and directly experiment with the learning material.
DISCUSSION

The findings of this study indicate that the implementation of
the Problem-Based Learning (PBL) model, when viewed in relation to
students’ learning styles, significantly influences their mathematical
problem-solving ability. This confirms that aligning instructional
models with students’ learning styles enhances their effectiveness in
solving mathematics problems. The R? value of 0.566 demonstrates
that the interaction between learning style and instructional model
accounts for 56.6% of the variance in students’ problem-solving
ability improvement.

These results are consistent with prior research. Elvi Hidayati
(2022) concluded that students’ mathematical problem-solving ability
improved after the implementation of PBL, and that the overall
mathematics learning process also improved: students became more
active in completing independent tasks and better at analyzing
problems. Similarly, Ningsih et al. (2023) reported enhanced learning
processes, with students showing greater engagement in problem-
solving, group discussions, collaborative work, worksheet (LKS)
implementation, and active task participation [16].

Furthermore, the interaction between the PBL model and the
kinesthetic learning style positively affected problem-solving ability.
This is because Problem-Based Learning and the kinesthetic learning
style mutually reinforce each other in developing problem-solving
skills. PBL often involves real-world problems where students work
with tangible materials or engage in hands-on activities [13], [14],
[17], [18]. Kinesthetic learners, who acquire knowledge most

effectively through physical activity and direct experience, thrive in
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such an environment. The kinesthetic preference for learning through
movement and physical manipulation aligns naturally with PBL’s
experiential approach, allowing these students to learn in a way that
feels intuitive and meaningful. They can literally see and feel the real-
world application of the mathematical concepts they study.

Students’ learning styles visual, auditory, and kinesthetic
represent individual differences in how learners receive, process, and
internalize information, wultimately influencing their academic
performance. In practice, some students grasp information more
easily through listening, others through visual representation, and
still others through physical interaction or movement. Learning style
demonstrably affects problem-solving ability; notably, the “Auditory-
Kinesthetic (AK)” combination has shown significant influence [19].

Problem-solving demands higher-order thinking and logical
reasoning, and learning style plays a crucial role in shaping students’
problem-solving strategies. The Problem-Based Learning (PBL) model
is widely recognized as effective in fostering higher-order thinking
skills because it enables students to actively explore problems,
integrate theory with practice, and collaboratively seek solutions [12],
[20], [21], [22].

However, the success of PBL is strongly influenced by students’
internal factors, such as motivation, self-confidence, and learning
style [23], [24]. This is because PBL requires students to be self-
directed and proactive qualities that contrast sharply with the

teacher-centered nature of conventional instruction.
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4. CONCLUSION AND RECOMMENDATIONS

Based on the analysis and discussion, this study concludes that
the Problem-Based Learning (PBL) model is significantly more effective
than conventional methods in enhancing students’ mathematical
problem-solving ability. The most substantial improvement was
observed among visual learners, followed by auditory and kinesthetic
learners. This indicates that implementing PBL tailored to students’
learning styles optimizes both learning outcomes and critical thinking
skills. However, this study did not deeply examine external factors
such as socioeconomic background, learning motivation, or family
support. Additionally, the nuanced interaction between learning
styles and the PBL model warrants further investigation.

Teachers are encouraged to implement PBL adapted to students’
learning styles to make instruction more effective and meaningful.
Schools should provide professional development for teachers in
designing varied, problem-based learning activities. Future
researchers are advised to explore affective and motivational
dimensions and to conduct studies on a larger scale to yield more

comprehensive and generalizable findings.
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