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THE EFFECT OF CASE-BASED LEARNING ON MATHEMATICAL
PROBLEM-SOLVING ABILITIES

O EFEITO DA APRENDIZAGEM BASEADA EM CASOS NAS HABILIDADES DE
RESOLUCAO DE PROBLEMAS MATEMATICOS

Abstract

This study investigates the effect of the case-
based learning (CBL) model on students’
mathematical problem-solving abilities. The
need for effective learning strategies is
increasingly urgent, especially in mathematics,
where many students struggle to understand
concepts and apply them to non-routine
problems. Case-based learning is considered a
relevant approach because it presents real-life
contextual problems that require analytical
thinking, independent reasoning, and the
integration of knowledge. This quantitative study
employed a one-group pretest—posttest design
involving 140 students. Data were collected
using mathematical problem-solving tests
administered before and after the intervention.
The analysis included normality tests,
homogeneity tests, and independent sample t-
tests to determine the significance of differences
in students’ performance. The results showed
that both pretest and posttest data were normally
distributed and homogeneous. The independent
t-test revealed a significance value of 0.000 <
0.050, indicating a significant improvement in
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Resumo

Este estudo investiga o efeito do modelo de
aprendizagem baseada em casos (ABC) nas
habilidades de resolugdo de problemas
matematicos dos alunos. A necessidade de
estratégias de aprendizagem eficazes é cada vez
mais urgente, especialmente em matematica,
onde muitos alunos tém dificuldades para
compreender conceitos e aplica-los a problemas
nao rotineiros. A aprendizagem baseada em
casos é considerada uma abordagem relevante
porque apresenta problemas contextuais da vida
real que exigem pensamento analitico,
raciocinio independente e integracdo de
conhecimento. Este  estudo  quantitativo
empregou um delineamento pré-teste/pds-teste
com um unico grupo, envolvendo 140 alunos. Os
dados foram coletados por meio de testes de
resolucdo de problemas matematicos aplicados
antes e depois da intervengdo. A analise incluiu
testes de normalidade, testes de homogeneidade
e testes t de amostras independentes para
determinar a significAncia das diferencas no
desempenho dos alunos. Os resultados
mostraram que os dados do pré-teste e do pos-
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mathematical problem-solving abilities after the
implementation of the CBL model. These
findings align  with  previous  studies
demonstrating that CBL enhances students’
analytical, critical thinking, communication, and
mathematical reasoning skills. The model
encourages students to engage actively in
exploring cases, formulating solutions, and
evaluating outcomes, thereby fostering deeper
understanding and transferable competencies.
Overall, the study concludes that the case-based
learning model has a positive and significant
effect on students’ mathematical problem-
solving abilities. The researchers recommend the
broader use of CBL across various subjects and
suggest integrating it with other innovative
learning strategies to support the development of
essential cognitive skills in elementary and
secondary education.

Keywords: Case Based Learning. Problem
Solving. Mathematics.

teste apresentaram distribuicdo normal e
homogeneidade. O teste t independente revelou
um valor de significancia de 0,000 < 0,050,
indicando uma melhora significativa nas
habilidades de resolugdo de problemas
matematicos apds a implementacédo do modelo
ABC. Essas descobertas estdo alinhadas com
estudos anteriores que demonstram que a
Aprendizagem Baseada em Casos (ABC)
aprimora as habilidades analiticas, de
pensamento critico, de comunicacdo e de
raciocinio matematico dos alunos. O modelo
incentiva os alunos a se envolverem ativamente
na exploracdo de casos, na formulagédo de
soluces e na avaliacdo de resultados,
promovendo, assim, uma compreensdo mais
profunda e competéncias transferiveis. No geral,
0 estudo conclui que o modelo de aprendizagem
baseada em casos tem um efeito positivo e
significativo nas habilidades de resolugdo de
problemas matematicos dos alunos. Os
pesquisadores recomendam o uso mais amplo da

ABC em diversas disciplinas e sugerem sua
integracdo com outras estratégias de
aprendizagem inovadoras para apoiar 0
desenvolvimento de habilidades cognitivas
essenciais no ensino fundamental e médio.

Palavras-chave: Aprendizagem Baseada em
Casos. Resolugdo de Problemas. Matematica.

1 INTRODUCTION

In the current globalized world, learning is developing at a quick pace,
necessitating an education system that can adapt and execute efficient and pertinent
teaching strategies (Amelda et al., 2024; Habibulloh, 2024; Wahrudin, 2025; Muzakki &
Munif, 2025; At-tamimy & Eloy, 2025). This is due to the fact that education is crucial
in molding the future generation to be capable and intellectual (Rouf, 2025; Abror &
Fatinnah, 2025; Habibulloh, 2025; Munif & Wahrudin, 2025; Muzakki et al., 2023).
Optimizing the learning process to enable each student to realize their full potential is a
significant challenge in the field of education (Syafi’i & Ikwandi, 2023; Munif et al.,
2023; Sina, 2025; Pradhana et al., 2025; Chaanpraserta et al., 2024). When a sizable
portion of students find it difficult to manage their studies and are either removed from
the program, forced to alter their majors, or have their graduation considerably delayed,
academic institutions are confronted with the problem of low performance (Embarak,
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2021; Abror et al., 2024; Ma et al., 2024; Riveira, et al., 2014; Satyawati &
Dwikurnaningsih, 2024). In fundamental disciplines like mathematics, which serve as the
basis for the development of logical and analytical thinking abilities, efforts to enhance
the learning process are especially crucial (Eli Dwi Nabila, 2025; Sisilia Putri Adinda,
2025). This is consistent with the requirement to apply cutting-edge learning models and
auxiliary technologies in order to enhance the caliber and results of student learning
(Islami et al., 2024; Tata Ihsan et al., 2025).

Based on studies and findings in the field, it appears that elementary school
students' understanding of concepts and problem solving is still relatively low, especially
in mathematics. This is supported by other findings which show that there are several
obstacles during the mathematics learning process, resulting in more than half of students
experiencing difficulties in understanding the material taught. The use of inappropriate
learning models is one of the reasons why students have difficulty achieving learning
objectives (Rahmah & Lubis, 2024). Problems in mathematics exist in problems or words
that are not routine problems that cannot be solved simply by using certain formulas, but
to solve them, the correct procedure and deeper thinking are required (Siagian et al.,
2019). These findings indicate that students' basic mathematical abilities are still very
low, which hinders their ability to solve everyday problems. This situation requires
educators to not only rely on technology as a solution, but also to design learning
strategies that involve students in authentic problem-solving activities and active learning
that encourages interaction and mutual understanding.

In addition, problem-solving skills in mathematics are equally important to
develop in elementary school students. Problem-solving teaches students to think
logically, identify and analyze problems, and formulate effective solutions. Polya argues
that the process of finding a way out of a difficulty or obstacle, where the achievement of
the goal cannot be immediately understood explicitly, presents four steps in problem
solving that are often recommended in teaching and assessing the problem-solving
process (Utama et al., 2022; 'Azah et al., 2024). According to Polya, the process of
solving mathematical problems involves several important steps, namely understanding
the problem, planning the solution, implementing the plan, and reviewing the results
(Talantu et al., 2023; Nur Efendi & Sholeh, 2023; Sholeh & Muzakki, 2024). This allows
students to apply their mathematical knowledge in a more dynamic and adaptive manner.

Based on research conducted by, problem-solving skills contribute to students' academic
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achievement and help them develop problem-solving skills needed in everyday life. With
these skills, students are better prepared to face academic and non-academic challenges
that require analytical and creative thinking.

Based on the above description, the case-based learning model is highly relevant
to students' lives today. It states that educating children must be in accordance with the
nature of the times. Case-based learning is a method of teaching that encourages students
to investigate and solve problems using presented cases (Agustin et al., 2023; Mahbubi
et al., 2025). Case-based learning can stimulate students' desire to learn and help them
develop independent thinking and analytical skills, acquire expertise in synthesizing
information, and apply these skills in practice (Wang et al., 2021; Syaifuddin et al., 2023
Sholeh, 2025). Case-based learning provides students with the opportunity to experience
various cases that arise in everyday life (Salihi & Rosilia, 2023; Habibulloh, 2025;
Sholeh, 2025). Thus, case-based learning embodies an education that requires learners to
actively engage in real-world problem situations, reflecting the types of encounters that
are naturally associated with the instructional content to be acquired.

This learning model is expected to be an innovative solution that not only
improves students' mathematical problem-solving skills, but also prepares them for future
educational and employment challenges. The results show that the case-based learning
model can improve students' mathematical problem-solving skills (Ahmar et al., 2023;
Saragih et al., 2024; Ihfan et al., 2025). This proves that this model is expected to improve
children's mathematical problem-solving skills.

2 METHOD

This study employed a quantitative research approach with an experimental design
to examine the effect of the Case-Based Learning (CBL) model on students’ mathematical
problem-solving abilities. The study applied a one-group pretest—posttest design, which
enables researchers to determine changes in performance before and after treatment.

2.1 Research Design

The design can be expressed symbolically as:
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01-X-0, (1)
Where:

. O;= Pretest

. X= CBL treatment

. O, = Posttest

This design is commonly used to measure learning gains resulting from an

intervention (Fraenkel et al., 2012).
2.2 Participants

The study involved 140 students selected as research participants. All participants
completed both the pretest and posttest. Students were assumed to have similar academic
characteristics, which supports the internal validity of the study (Creswell & Clark, 2007).

2.3 Variables

e Independent Variable: Case-Based Learning (CBL)
e Dependent Variable: Mathematical Problem-Solving Ability

2.4 Instruments and Data Collection
Data were collected using a mathematical problem-solving test, administered
twice:
e Pretest to determine initial abilities
e Posttest to measure changes after the CBL intervention
The test consisted of non-routine items aligned with problem-solving indicators
adapted from Polya (1957).

2.5 Procedures

The research was carried out through three phases:
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e Pretest administration (O1)

e CBL treatment, where students engaged with real or simulated cases requiring
collaborative analysis

e Posttest administration (O2)

This procedure follows established guidelines for experimental studies in education
(Johnson & Christensen, 2020).

2.6 Data analysis

Data analysis included normality testing, homogeneity testing, and hypothesis

testing using the independent sample t-test.

2.6.1 Normality Test (Kolmogorov—Smirnov)

The Kolmogorov—Smirnov (K—S) test was used to determine if the data followed

a norm al distribution:

D = max |Fo(x) —Sn(X)! ()
Where:
. Fo (x) = theoretical cumulative distribution
. Sh (x) = sample cumulative distribution

Decision rule: Sig. > 0.05 = normal distribution (Ghasemi & Zahediasl, 2012).
2.7 Homogeneity Test (Levene’s Test)
Homogeneity of variance was tested using Levene’s Test:

_ Nk Shni(Zi — Z.)?
S k=D SE Y (2, - Z) o)

W
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Decision rule: Sig. > 0.05 = homogeneous variance (Tabachnick & Fidell, 2019).
2.8 Independent Sample t-Test
The difference between pretest and posttest scores was analyzed using the t-test:

_ XX

S, @

where:

1 1
k-2, = \/SE (“-'Tl N n_z) (5)

and:

n, — 1)812 + (ﬂz - 1)8%
(ﬂl -+ Mg — 2) (6)

(
52 =

Decision rule:
e Sig. <0.05 = significant effect;
e Sig. > 0.05 = no significant effect.
This procedure follows standard parametric testing guidelines (Field, 2018)

3 RESULT

The research data underwent data quality analysis, and it was found that both data
sets were statistically valid and reliable. Next, prerequisite tests consisting of normality
and homogeneity tests were conducted, followed by an independent sample t-test. The
results obtained by the researcher were the result of mathematical problem-solving tests.
The results of the research data analysis were presented using descriptive and inferential
analysis. The following are the results of the normality test:
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Normality testing is data testing that aims to determine whether the sample used

is normal or abnormal. The results are shown in the following table

Table 1
Normality Test

One-Sample Kolmogorov-Smirnov Test

Pretest Experime  Posttest Experime

Pretest_Contr

Posttest_Contr

nt nt ol ol
N 70 70 70 70
Normal Mean 33.86 80.64 32.57 75.71
Parameters®  Std. 6.548 6.366 7.882 7.532
b Deviatio

n

Most Absolute  .155 .155 .150 148
Extreme Positive  .136 155 103 128
Differences  Negative -.155 -.145 -.150 -.148
Kolmogorov-Smirnov Z  1.297 1.293 1.251 1.238
Asymp. Sig. (2-tailed) .069 .071 .087 .093

a. Test distribution is Normal.

b. Calculated from data.

Based on the data in table 1, it can be seen that the significance value of the pretest

for the experimental group is 0.069 and for the control group is 0.087, while the posttest

value for the experimental group is 0.071 and for the control group is 0.093. All data show

> 0.050 , therefore it can be concluded that the data are normally distributed. Then, the

homogeneity test is as follows:

Table 2
Homogenity Test

Test of Homogeneity of Variances

Levene Statistic dfl df2 Sig.
Pretest 3.267 1 138 073
Posttest 1.110 1 138 294

Table 2 above shows the results of the homogeneity test on the pretest and posttest

data, with significant results of 0.073 for the pretest and 0.294 for the posttest, both of

which are > 0.05. Therefore, the data results show that both data sets are statistically

homogeneous. Next, hypothesis testing was conducted after determining through a

prerequisite test that the samples taken were normal and homogeneous using an

independent sample t-test, and the results of the test are shown in the following table:
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Table 3
Hypothesis Test
Independent Samples Test
Pretest Posttest
Equal Equal Equal Equal
variances variances variances variances
assumed  not assumed  not
assumed assumed
Levene's Test for F 3.267 1.110
Equality of Sig. 073 294
Variances
t-test for Equality t 1.050 1.050 4,181 4,181
of Means df 138 133.511 138 134.271
Sig. (2-tailed) .296 .296 .000 .000
Mean 1.286 1.286 4,929 4,929
Difference
Std. Error 1.225 1.225 1.179 1.179
Difference
95% Confidence Lower -1.136 -1.137 2.598 2.597
Interval of the Upper 3.708 3.708 7.259 7.260

Difference

Based on table 3 above, it can be seen that the pretest significance value of 0.296
> 0.05, the result shows the average initial ability of students before being given
treatment. Meanwhile, the pretest significance value of 0.000 < 0.05 shows that the case-
based learning model has a significant effect on students' mathematical problem-solving
abilities.

4 DISCUSSION

Based on the research results, data from the experimental group and control group
were normally distributed and statistically homogeneous in terms of the relationship
between independent and dependent variables. Based on the t-test, there was an effect
between the case-based learning model and students’ mathematical problem-solving
abilities, with a significance level of 0.000 < 0.05. Supported by research findings
showing that case-based learning has a significant effect on students' mathematical
problem-solving abilities (E. R. Dewi et al., 2022; Miftah et al., 2024; Irwanto et al.,
2024; Gusyaa et al., 2025; Fitriani et al., 2025). Previous studies have shown that case-
based learning plays a significant role in influencing students’ problem-solving abilities,

proving that this model is highly suitable for implementation.
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However, in addition to that, the role of case-based learning in learning also
influences abilities or skills that are certainly needed to achieve good and desired learning
outcomes and learning objectives. The results of the study indicate that case-based
learning can improve student learning activities and mathematical communication skills
(Anwar & Rahmawati, 2024), improving mathematical analysis (Andini et al., 2023),
enhancing critical thinking skills (Putri et al., 2024; Sunaryo et al., 2024; Sunaryo et al.,
2024; Ningsih et al., 2025). This shows that the implementation of case-based learning
has a significant impact on many things, especially in the learning process. And if
explored further, it can certainly improve the competencies required of students.

The advantages of case-based learning include helping students sort factual data,
apply analytical tools, and develop analytical, collaborative, and communication skills.
By using cases, students can see theory in practice and become more interested and
engaged in class. CBL can also develop students' abilities in group learning, speaking,
and critical thinking (Zaki & Qaaf, 2025). Case-based learning also enables scientific
inquiry and conclusion building, as well as the integration of knowledge and practice
(Supardi et al., 2022). Case-based learning provides a clear structure during project
sessions. Several courses can apply the case-based learning model (Farikah et al., 2022;
C. A. Dewi & Hamid, 2025). Other advantages include: students can express cases or
issues and use cases that they relate to new situations; students can develop analysis,
collaborate, and communicate skillfully; students are more involved in the learning

process.

5 CONCLUSION

This study concludes that the Case-Based Learning (CBL) model has a significant
and positive effect on students’ mathematical problem-solving abilities. The results of the
independent sample t-test demonstrated that students’ posttest scores improved
substantially compared to their pretest scores, with a significance value of 0.000,
indicating a strong statistical impact of the intervention. These findings confirm that CBL
effectively promotes deeper cognitive engagement, analytical reasoning, and the
integration of conceptual understanding in solving non-routine mathematical problems.
The model’s emphasis on real-world cases requires students to interpret information,

formulate strategies, evaluate alternative solutions, and justify their reasoning—skills that
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align with the higher-order thinking competencies required in contemporary education
systems. Furthermore, the results resonate with the theoretical foundations of Polya’s
problem-solving framework, which emphasizes understanding, planning, implementing,
and reflecting. They also align with previous international studies showing that case-
based learning enhances cognitive flexibility, learner autonomy, and collaborative
problem-solving across various fields of study. The outcomes of this study suggest that
CBL not only strengthens students’ mathematical competencies but also cultivates
thinking dispositions essential for academic progression and lifelong learning.

Based on these findings, the study strongly recommends the broader
implementation of Case-Based Learning in mathematics instruction and other subject
areas that require analytical and critical thinking. Educators are encouraged to design
learning environments that incorporate authentic cases, promote dialogic inquiry, and
engage students in reflective problem-solving processes. Integrating CBL with other
innovative pedagogical approaches—such as project-based learning, inquiry-based
learning, and technology-enhanced instruction—may further elevate students’ learning
outcomes and support diverse learning needs. Schools and policymakers should consider
adopting CBL as part of curriculum reform initiatives aimed at strengthening 21st-century
competencies, particularly in contexts where students traditionally struggle with
mathematics. Future research may extend this study by exploring the long-term effects of
CBL, its implementation across different grade levels, and its interaction with factors such
as learning motivation, digital literacy, and classroom environment. In conclusion, Case-
Based Learning represents a promising, evidence-based instructional model that prepares
students not only to excel in mathematical problem solving but also to navigate complex

real-world challenges with confidence, creativity, and critical awareness.
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