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Abstract — Problem-solving skills are needed as an
essential competency for prospective teachers in the 215
century, enabling them to face diverse and complex
educational challenges. This study applies a quasi-
experimental design approach using a single-group pre-
test and post-test to explore the model profile of
problem-solving skills development of prospective
chemistry teachers through Case-Based Learning
(CBL). 30 prospective chemistry teachers built their
problem-solving skills by engaging in case analysis,
collaborative discussions, and solution development
through CBL, which integrated real-world scenarios
into the learning process. The data were gathered using
test instruments and observation sheets. Paired t-test
analysis was performed at a probability level of p < 0.05
significantly. Data analysis utilizing the SPSS statistical
program. Research results show that chemistry
problem-solving skills through CBL explored and re-
viewed from prospective chemistry teachers' activity
are excellent, prospective chemistry teachers' problem-
solving skills of prospective chemistry teachers (high
and very high categories), N-gain of chemistry problem
solving skills (high category), and significant influence
of CBL implementation.
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It can be concluded that using CBL models effectively
builds prospective chemistry teachers' problem-solving
skills. This research has implications for teacher
educators guiding practical ways to enhance problem-
solving skills.
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1. Introduction

Chemistry courses are often considered difficult to
be understood by students and prospective chemistry
teachers, especially in the topic of solution chemistry.
In this subject, many students or prospective
chemistry teachers experience difficulties and even
misconceptions [1], [2]. Some of problems that occur
in solution chemistry include the concept of buffer
solutions [3], colligative properties of solutions [4],
and salt hydrolysis [5]. Students and prospective
chemistry teachers have difficulty in understanding
this concept due to lack of cognitive abilities [6] and
problem-solving skills [7].

Problem-solving skills are an important thing that
must be developed in modern education era in the 21%
century. These skills are recognized as core
competencies required for prospective chemistry
teachers to effectively solve problems in chemistry
learning [8]. In addition, cognitive abilities can be
strengthened and enhanced, while various facts or
pieces of information can be connected with existing
knowledge to formulate predictions about outcomes.
Thus, problem-solving skills are an essential
competency that prospective chemistry teachers must
develop [9], and there remains a need to enhance these
skills among prospective chemistry teachers [10]. This
aligns with the view that prospective chemistry
teachers with good thinking skills in solving problems
will be able to easily apply their knowledge in various
contexts and perspectives [11]. Thus, problem-solving
skills should be a primary focus for lecturers,
especially in the context of chemistry content.
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Problem-solving skills can include recognizing
problems, analyzing problems, developing strategies
to address them, executing problem-solving plans,
interpreting data, identifying logical relationships
among problems, assessing the outcomes, and
concluding [12]. Similarly, according to Polya’s
Problem Solving framework, there are five indicators
including:

(1) Comprehending the problem,

(2) Formulating a strategy to solve the problem,

(3) Executing the problem-solving strategy,

(4) Drawing conclusions,

(5) Evaluating the outcomes of problem-solving
process [13].

Based on the discussion above, it is evident that
problem-solving skills are essential for effectively
internalizing learning materials, particularly within
student-centered learning (SCL) environments. To
realize SCL, collaborative learning based on problem-
solving is needed by providing real experiences to
prospective chemistry teachers through case-based
learning (CBL) learning. CBL is a learning model that
utilizes case studies to promote active and
collaborative learning, integrate knowledge, enhance
internal and external motivation, encourage self-
reflection and critical thinking, foster scientific
inquiry, and develop a range of thinking skills [14].
Moreover, CBL serves as a form of collaborative
learning where case studies are used as main resource
for  building  professional  knowledge and
competencies [15]. CBL has also been shown to
encourage group collaboration, increase self-
motivation, and build self-regulated learning [16].
Research results show a notable increase in exam
scores among students who participated in CBL
activities [17]. CBL fosters active engagement of
learners to practice higher-order cognitive thinking
skills in learning, including problem-solving [16].
Furthermore, CBL is a successful learning model for
increasing problem-solving skills and self-motivation
to learn [18].

There are seven steps of CBL-based activities to
practice problem-solving skills consisting of:

(1) Identifying the case,

(2) Analyzing the case,

(3) Independently searching for supporting
information, data, and literature,

(4) Determining strategies to address the case,

(5) Drawing conclusions,

(6) Verifying the answers,

(7) Applying the relevant concepts [19].

Through the cases presented in CBL, prospective
chemistry teachers are allowed to practice their
thinking skills.
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Cases are closely related to real-world problems,
S0 prospective chemistry teachers can enhance their
problem-solving skills. The problems of this study
were: What was model's profile for developing
chemistry problem-solving skills through case-based
learning lectures that have been explored?

2. Methodology

In methodology section, research design and
procedures, research instruments, participants
involved in research, and data analysis techniques are
explained.

2.1. Research Design and Procedure

This study used a quasi-experimental method with
a one group pre-test and post-test design [20] and
involved one class of prospective chemistry teachers
(30 students) who were studying basic chemistry in
chemistry education study program at the college
level, in 2024-2025 academic year. This test design
was used to explore the development model of
problem-solving skills in CBL on understanding salt
hydrolysis and buffer matter solutions, while students’
problem-solving skills were carried out through
observation sheets.

This study was implemented by combining CBL
model syntax by [14] and Problem-Solving [21]
learning syntax, producing seven steps of CBL-based
learning activities [19] to explore problem-solving
skills.

There are 8 indicators of problem-solving skills
measured by implementing seven steps of CBL
learning activities in this study, for exploration of
models developing the problem-solving skills, as
shown in Table 1.

Table 1. Indicators of problem-solving skills in CBL

Steps of CBL- Indicators of problem-solving
based learning  skills
activities

1. Determining = Communicating the knowledge
cases that has been acquired
2. Analyzing = Communicating problem

cases formulation and hypothesis
3. Independently = Communicating learning

finding objectives

information, = Designing problem-solving

data, and strategies that will be used

literature

4. Determining = Communicating arguments
steps to solve obtained through

cases phenomena/practical
work/textbooks/internet
5. Making = Communicating the conclusions
conclusions of problem-solving results
6. Checking = Communicating the results of
answers self-evaluation of thinking

processes and results
7. Application = Working on questions of
of concepts application concepts
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This research began with an explanation of
implementation of CBL and the research objectives,
then prospective chemistry teachers were given a pre-
test on problem-solving skills based on chemical
content. This study continued with an implementation
of CBL, and each prospective chemistry teacher was
given a worksheet. The class was held offline. After
learning, prospective chemistry teachers were given a
post-test.

2.2. Research Instrument

Valid problem-solving skills tests on hydrolysis of
salts and buffer solution matter were given before and
after the intervention. The salt hydrolysis and buffer
solution material test are in the form of integrated
essays form with indicators of problem-solving skills.

Intervention uses CBL-based worksheets, which
are observed using an observation sheet. This CBL-
based worksheet is a structured worksheet to guide
prospective chemistry teachers in exploring problem-
solving skills while self-understanding various
hydrolysis of salts and buffer solutions concepts.

2.3. Participants

This study was conducted on first-year prospective
chemistry teachers of chemistry education study
program, Surabaya State University, Indonesia, in odd
semester of 2024/2025, for as many as 30 students.
Data collection techniques involved the use of
observation sheets and essay test instruments, which
had been empirically validated by four experts.

2.4. Data Analysis

Statistical Package for the Social Sciences (SPSS)
program was used to analyze most of the data in the
research, including validity and reliability testing,
descriptive analysis, normality testing, paired t-tests,
and Wilcoxon nonparametric tests. Normality test
using Kolmogorov-Smirnov Test. The use of
parametric tests if the data is normally distributed,
while nonparametric tests are used if data is not
normally distributed. The results were interpreted
using a significance level of 0.05. Observational
results are presented as an answer to the first research
objective to provide an overview of CBL-based
learning intervention process using worksheets in
training problem-solving skills.

Pre-test and post-test data on this skill were
analyzed using paired t-test method to assess the
significant difference between pre-test and post-test
scores in same group before and after intervention to
answer the second research objective.

Null hypothesis (Ho) states that there is no
significant difference between average pre-test and
post-test scores.
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While alternative hypothesis (Hi) states a
statistically significant difference between pre-test
and post-test results. If paired t-test produces a
significant p-value (<0.05), it indicates that there is a
significant difference between two groups of data
compared in t-test. In addition, there is a possibility of
influence of the use of case-based learning using
worksheets among chemistry students to improve
problem-solving  skills  while  providing an
understanding to prospective chemistry teacher
students about salt hydrolysis and buffer solutions
concept. N-gain test was also used to analyze pre-test
and post-test data on problem-solving skills [22] as in
Table 2 to determine the improvement in problem-
solving skills.

Table 2. Normalized N-gain criteria

N-Gain (g) Value Criteria
(2)>0.7 High
0.3<(g)<0.7 Medium
(9)<0.3 Low
3. Results

This section describes the obtained findings related
to exploring the problem-solving skills development
model through CBL.

3.1. Activities of Prospective Chemistry Teachers in CBL

Implementation of case-based learning to explore
models for developing problem-solving skills was
measured through an activity observation sheet in
learning activities by 2 observers. Activity data
obtained was percentage of time data for every 3-
minute interval for 150 minutes used by prospective
chemistry teachers for activities in class, including, 8
indicators of problem-solving skills and 1 irrelevant
indicator, which is shown in Figure 1.

20

Percentage
= =
w o (%))

o

1 2 3 4 5 6 7 8 9
Activities of prospective chemistry teacher

e Salt Hydrolysis and buffer solution

Figure 1. Activities of prospective chemistry teachers
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Based on Figure 1, from 9 indicators observed, it
shows that learning has been centered on prospective
chemistry teachers, with a percentage of relevant
activities of 94.79% and included in very good
category, although there are still 5.21% of irrelevant
activities. This means that in activities:

(1) Communicating the knowledge that has been
owned (step of CBL—-determining cases),

(2) Communicating problem formulation
hypothesis (step of CBL-analyzing cases),

(3) Communicating learning objectives,

(4) Designing problem-solving strategies that will
be used (step of CBL-independently finding
information, data, and literature),

(5) Communicating arguments obtained through
phenomena/practical ~ work/textbooks/internet
(step of CBL-determining steps to solve the

and

case),
(6) Communicating the conclusions of problem-
solving results (step of CBL-making

conclusions),

(7) Communicating the results of self-evaluation of
thinking processes and results (step of CBL-
checking answers),

(8) Working on questions of application concepts
(step of CBL-application of concepts) have
been carried out by prospective chemistry
teachers. These activities have become routine
for prospective chemistry teachers in every
learning topic.

3.2. Profile of Chemistry Problem-Solving Skills in CBL

Chemistry problem-solving skills profile resulting
from CBL implementation was assessed using a pre-
test and post-test. Normality of pre-test and post-test
results was examined using Kolmogorov-Smirnov
Test with SPSS software, based on the null hypothesis
testing criteria (data distribution does not deviate from
normality). Null hypothesis (Ho) is rejected if the
significance value is < o 0.05 (indicating that the data
is not normally distributed), or it is accepted if
significance value is > o 0.05 (indicating that data
follows a normal distribution). Kolmogorov-Smirnov
test results suggest that both pre-test and post-test data
are normally distributed. Significance values for both
tests (0.470 and 0.376) are greater than significance
level (a 0.05) (Table 3). Based on the results of pre-
test and post-test data, which are normally distributed,
null hypothesis (Ho) is accepted and meets
requirements for analysis using a parametric test,
namely paired t-test.

Table 3. Results of normality test

Data Kolmogorov-Smirnov Test
Pre-test Sig.(2-tailed) Data is normally
0.470 > 0.05 distributed
Pos-test  Sig.(2-tailed) Data is normally
0.376 > 0.05 distributed
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Furthermore, a paired t-test was used to test
whether there was a significant difference between
mean scores of pre-test and post-test problem-solving
skills of prospective chemistry teachers. Paired t-test
was conducted with the criteria that if the Asymp Sig
< a 0.05, then H; is accepted and Ho would be
rejected. In this context, H, represents the hypothesis
that there is a difference in the average problem-
solving skills score before and after learning,
suggesting an effect of case-based learning on
prospective chemistry teachers. On the other hand, Ho
represents the hypothesis that there is no difference in
the average problem-solving skills score before and
after learning, indicating no effect of case-based
learning on prospective chemistry teachers. Based on
the results of the paired t-test, the significance value is
smaller than a 0.05, which is 0.000, so H; is accepted
and Ho is rejected, as shown in Table 4 and Table 5.

Table 4. Paired sample statistics

Mean N Std.

Deviation

Pair1  Pre-test 34.77 30 8.48229
Post-test ~ 82.97 30 7.58043

Table 5. Paired sample correlation

N Sig. (2-tailed) |
Pre-test and 30 .000
Post-test

Pair 1

Based on the data in Table 4 and Table 5, there is
a significant difference in the average pre-test and
post-test values, indicating that the use of case-based
learning affects prospective chemistry teachers in
improving problem-solving skills related to salt
hydrolysis and buffer solution materials. Case-based
learning is a real effort to improve prospective
chemistry teachers' problem-solving skills.

Improvement of chemistry problem-solving skills
is expressed in N-gain, which is the difference
between post-test and pre-test scores and was
calculated based on the equation [22] and shown in
Table 6. Based on Table 6, it was obtained that
chemistry problem-solving skills improved, with a
high N-gain. This indicates that problem-solving skills
are effectively enhanced using CBL.

Table 6. Mean of pretest, posttest, and N-Gain of
problem-solving skills test results

Mean of Mean of N-

Topic  pro test F;g:: Gain  Catedory
Hydroly 34.77 82.97 0.74 High

sis of
salts and

buffer
solution
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4. Discussion

The research results show that innovative model
for developing problem-solving skills integrated with
CBL-based learning has been proven to positively and
significantly contribute to prospective chemistry
teachers' learning success. This can be seen from
problem-solving skills mastery assessment results,
which showed a significant increase. Implementation
of CBL has proven effective in enhancing chemistry
problem-solving skills as one of the important
competencies in 21% century. Problem-solving skills
among prospective chemistry teachers are developed
not only through reading textbook materials but also
through  hands-on experiences and practical
engagement in learning activities in building problem-
solving skills competencies by conducting case
analysis, collaborative discussions, and developing
solutions through CBL. The findings of this study
provide empirical support to previous research
findings, which state that CBL aims to promote active
learning and engage learners in higher-order cognitive
processes, such as problem solving [16].

Study results demonstrated that implementation of
the CBL model was effective in enhancing the
chemistry problem-solving skills of prospective
chemistry teachers. Problem-solving skills can be seen
from eight indicators, namely identifying the
knowledge that has been acquired, making problem
formulations and hypotheses, setting learning
objectives, designing problem-solving strategies that
will be used, communicating arguments obtained
through  various  phenomena/textbooks/practical
work/internet, making conclusions of problem-
solving results, communicating the results of self-
evaluation of thinking processes and results, as well as
working on questions of application concepts [21].
Indicator of communicating arguments obtained
through phenomena/practical work/textbooks/internet
is a skill that is very well mastered by prospective
chemistry teachers, in addition to the other seven
indicators are also widely mastered by prospective
chemistry teachers. This aligns with characteristics of
CBL model [19].

In step 1 of determining the case, lecturer presents
a case relevant to the material and learning objectives,
and prospective chemistry teachers identify problems
based on the case phenomena. This is in line with the
research by [23] which states that CBL-based learning
is very effective in increasing creativity and positively
influencing the ability to identify problems. These
results also reveal that prospective chemistry teachers
have successfully demonstrated the ability to identify
problems, an essential indicator of problem-solving
skills. This aligns with previous research findings,
which state that identifying problems and relevant
supporting information is the initial stage in problem-
solving process [24], [25].
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Furthermore, activities of prospective chemistry
teachers are optimizing initial knowledge of the case.
This supports the research findings that one of the
characteristics of CBL is that students need prior
knowledge in solving cases [26]. CBL learning model
is complex learning, related to cases in the form of
realistic problem scenarios, where students also
actively participate in the integration of various
sources of information in context, trying to solve cases
based on previous experience and knowledge [27].

The indicator of making problem formulation and
hypothesis is most practiced in Step 2 when analyzing
cases, the activities of prospective chemistry teacher
students formulate problems and hypotheses using
initial knowledge and literature studies results. Case
analysis step is an important stage in problem-solving
skills, because prospective chemistry teachers are
required to process various information that has been
known and obtained correctly. If there is an error in
analyzing a case, it can lead to mistakes in the
subsequent stages of problem-solving process, as each
step builds upon the accuracy of initial analysis [28].
In step 3 when independently finding information,
data, and literature, prospective chemistry teachers
conduct independent studies or search for information
from various literature to meet learning needs.
Information collected can support the preparation of
learning objectives and become a solution in
designing problem-solving strategies that will be used.

In Step 4, when determining steps to solve the case,
prospective chemistry teachers explore the arguments
obtained through phenomena/practical
work/textbooks/internet. CBL learning model used as
a case-based approach that involves students in
discussions of specific situations with examples of
real-world activities [29]. CBL-based learning
incorporates elements of inquiry and is rooted in
constructivist principles, where students actively
construct new knowledge by engaging with real-world
cases and collaborating with peers [30]. Through this
interaction, learners integrate prior knowledge with
new information, enabling them to develop deeper
understanding and form meaningful concepts. In step
5, when making conclusions/solutions to problem
solving, prospective chemistry teachers interpret and
make conclusions from the answers that have been
obtained from the context contained in the case.
Results of the conclusions can be applied to similar
situations in the future. Step 6 shows when checking
the answer, prospective chemistry teachers review the
solutions/conclusions that have been obtained using
various sources to ensure that the
solutions/conclusions really solve the problem and
that the solution process is carried out correctly. This
stage is very important because it allows someone to
critically evaluate the results obtained.

TEM Journal — Volume 15 / Number 2 / 2026.
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Step 7 indicates when applying concepts,
prospective chemistry teachers can use a concept,
theory, or principle that has been learned to
understand, analyze, or solve problems in real
situations or different contexts.

Results of this study show that these activities have
become routine for prospective chemistry teachers in
each learning topic. Routine activities carried out by
prospective chemistry teachers in case-based learning
are in accordance with problem-solving skills, namely
a person's ability to control all aspects of their learning
from understanding problems to evaluating their
performance [31]. This fact is supported by
information processing theory, which states that
individuals progressively develop their ability to
process information, allowing them to acquire more
complex knowledge and build expertise over time
[32]. In addition, involvement in data acquisition
activities and interpreting data can provide
opportunities for discussion activities, reviews, and
clarifying problems as well as investigation processes
in problem-solving skills [33]. The findings of this
study strengthen the findings of previous studies
which stated that through CBL model, students are
able to interpret, analyze, and solve a case [34].
Learning using the CBL model has also made students
actively involved in the learning process [35].

This study results also revealed that CBL-based
learning has a significant positive impact on
enhancing problem-solving skills of prospective
chemistry teachers. With a significance (Sig.) value of
0.000, the average scores before and after the test
showed a statistically significant difference,
indicating a measurable performance improvement.
Mean difference of 48.2 provides a clear picture that
CBL-based learning has provided a difference
between both test, which brings prospective chemistry
teachers into the realm of analytical, solution-
oriented, and innovative thinking. These data
strengthen that CBL is not only a learning model, but
also an educational transformation tool that is relevant
to the demands of 21% century. Theoretically, this
finding has strong roots in the social constructivist
theory introduced by Lev Vygotsky. This theory
emphasizes that learning occurs through social
interaction and meaningful contexts. Within this
framework, CBL provides prospective chemistry
teachers with space to collaborate, explore, and solve
real problems that are relevant to life [36]. In other
words, CBL model provides a learning experience that
deeply engages prospective chemistry teachers,
motivates them to relate theoretical knowledge to real-
world situations, and encourages them to think
strategically and innovatively using problem-solving
skills.
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This finding is supported by several previous
studies, which stated that when CBL is implemented
collaboratively, showed an increase in problem-
solving skills [37], [38]. Integration of well-planned
contextual cases in CBL with active involvement,
interaction, and collaboration by prospective teachers
can develop  problem-solving  skills  [39].
Implementation of case method has been shown to
enhance student participation and improve their
problem-solving skills [40]. There is a significant
difference in how students respond and understand the
material when given a case that is relevant to learning.
Stimulus of students who are given a case is higher
than those who are not given a case [41]. These results
reinforce the evidence that the CBL model effectively
enhances problem-solving skills across different
educational levels and various learning contexts.
Case-based learning model not only helps prospective
chemistry teachers complete academic tasks but also
prepares prospective chemistry teachers to face the
challenges of the world of work. By integrating real
scenarios into the learning process, prospective
chemistry teachers not only learn how to solve
problems but also how to deal with complex situations
with confidence and sharp analytical skills. This is a
highly essential skill in 21% century, where problem-
solving abilities are at the core of professional success
and are critical for adapting to rapidly evolving
challenges and demands in workforce.

5. Conclusion

Based on the results of study it was concluded that
Case-Based Learning (CBL) model applied to salt
hydrolysis and buffer solutions material was proven to
be able to build and improve chemical problem-
solving skills, in terms of activities of prospective
chemistry teachers. Problem-solving skills of
prospective chemistry teachers were in the high and
very high categories, N-gain of chemical problem-
solving skills was in high category, and there was a
significant influence related to the application of CBL.
In each syntactic step of CBL model (determining
cases, analyzing cases, finding information, data, and
literature independently, determining steps to resolve
cases, drawing conclusions, re-checking the answers
obtained, and applying concepts), indicators of
problem-solving skills of prospective chemistry
teachers have been included which are seen in learning
activities.

Integration of CBL model with problem-solving
skills can foster analytical, solution-oriented, and
innovative thinking domains, as well as a tool for
educational transformation that is relevant to the needs
of 21st century.
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Syntax of CBL model integrated with problem-
solving skill indicators can be applied to other
chemical materials with potential for activities linking
theoretical knowledge and real cases in everyday life
that students can carry out, for example, solution
chemistry, colloids, reaction rates, chemical
equilibrium, and green chemistry. Furthermore, this
paper is expected to be a reference material for training
prospective teachers in developing other important 21%
century thinking skills, including creative thinking,
critical thinking, and environmental awareness. Wider
field studies and broader dissemination, particularly in
higher education institutions and schools, are
necessary to further evaluate the effectiveness of
model in developing students' problem-solving skills
across diverse educational settings.
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