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Annotation. This study aims to analyse critical thinking skills through differentiated
problem-based learning (PBL). The data analysis methods included descriptive analysis,
normality tests, homogeneity tests, independent sample t-tests, N-Gain, and ANOVA. The
results of the research explain that PBL with differentiated instruction effectively improves
students critical thinking skills and a significant effect of learning models and learning styles
on students critical thinking skills.
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Introduction

Education is essential for nation-building. A developed country has high-quality
education. In the Industry 4.0 era, competition and demands in education are getting
tighter and higher. Our young generation must face industrial revolution 4.0 with the
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following skills: (1) critical thinking and problem solving, (2) collaboration, (3) agil-
ity and adaptability, (4) initiative and entrepreneurship, (5) effective oral and written
communication, (6) accessing and analyzing information (7) curiosity, and imagina-
tion (Doringin et al., 2020; Lase, 2019). In line with this opinion, education in the 4.0
era must focus on areas of expertise, including critical thinking as a skill for various
analyses, assessments, evaluations, and reconstruction, as well as the ability to make
decisions for rational and logical actions (Asyari et al., 2016; Heong et al., 2020; Seibert,
2021; Silviarza et al., 2020).

Students must master critical thinking, which is crucial for making decisions and
determining the best choices, especially in solving problems (Hadi et al., 2022). Critical
thinking is a cognitive process to gain knowledge and is included in higher-order thin-
king activities (Heong et al., 2020; Retnawati et al., 2018; Rijal, 2021). Critical thinking
activates the ability to analyze and evaluate evidence, identify questions and logical
conclusions, and understand the implications of arguments. Thus, critical thinking
is an essential activity to be developed in educational institutions, and educators are
expected to be able to realize learning that activates and develops critical thinking
skills in students (Mataniari et al., 2020; Seibert, 2021; Sulistyanto, 2021; Umam &
Susandi, 2022; Zubaidah et al., 2020).

However, our observations of May 2023 confirmed that many students could not
express ideas or opinions well during class discussions. Students only asked for defini-
tions and trivial questions without going deep into the topic with critical and analytical
questions. In addition, the evaluation results during the semester’s middle and final
tests showed that students needed help to answer relevant questions to measure their
critical thinking skills. Our experience told us that our students needed a learning
atmosphere that encouraged them to think critically to solve problems.

To overcome these problems, an innovative and compelling learning model is needed
to encourage and improve students’ critical thinking skills, namely the problem-based
learning model with differentiated instruction. The Problem-based Learning (PBL)
Model leads to critical thinking skills and encourages students to solve problems
according to real life. The PBL learning model has been proven to improve students’
abilities in various ways, including critical thinking skills and mastery of concepts.

PBL can train students to think critically, analyze, and solve complex problems, be
able to work cooperatively in small teams and improve their ability to communicate
effectively both verbally and in writing (Kasuga et al., 2022; Loyens et al., 2015; Quinn,
2020; Shamsuddin & Kaur, 2020; Tan, 2021). PBL also helps students develop thinking,
and intellectual skills. This provides a broad opportunity for students to explore their
potential (Razak et al., 2022). However, the PBL model also needs to improve. If a class
has a high level of student diversity, there will be difficulties in dividing tasks. Another
weakness is that students often find it difficult to determine the problem according to
the level of thinking and the learning style influences the level of thinking (Shamsuddin
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& Kaur, 2020). To provide the best way of learning for each individual and learning
styles must be determined or known in advance by considering differences such as
personality, perception, and students’ intelligence/level of thinking.

Learning style is a unique way of learning for students (Alghasham, 2012; Sham-
suddin & Kaur, 2020). This distinctive way of learning affects students’ ability to un-
derstand and absorb lessons (Griffiths, 2022). Thus, it can be said that learning style
is one of the factors that influences critical thinking skills and problem-solving skills
for students. Learning style is also a driving factor for achieving critical thinking
skills. Learning style is the most preferred, dominant way in the learning process in
which individuals can receive, absorb, organize, and process the information they get.
Teachers must understand students’ learning styles before designing lessons to make
it easier for teachers to determine the right learning model so students can understand
learning materials easier.

Learning style is a form of differentiation (Dariyani et al., 2022; Shamsuddin & Kaur,
2020). An educator, besides having to vary the use of learning models and strategies,
must also pay attention to students’ learning styles. Differences in learning styles af-
fect to critical-thinking skills of students. Differentiated learning is learning that pays
attention to students’ characteristics and uses different learning designs. It is designed
through three types of differentiation: content differentiation, process differentiation,
and product differentiation (Dariyani et al., 2022; Hendel, 2022; Sapan & Mede, 2022).
Content differentiation differentiates “what students learn” by developing materials in
different forms, such as reading materials, audio recordings, or videos. Process differen-
tiation is based on “how students learn”, in which students can choose what activities
to do during the learning process. Educators are required to prepare variations in the
learning activities. Product differentiation refers to learning that allows students to
present their learning outcomes according to their interests and talents.

Differentiated learning is a very important perspective of teaching and learning in
the 21st century. Differentiated learning is familiar in the world of education. Several
studies have revealed that differentiated learning is widely adopted in motor learning.
Previous findings reported that at the learning level, differentiated learning also proved
to be better than traditional methods. Differentiated learning appears promising for
enhancing critical and creative behavior (Osifo, 2019).

Based on some of the outcomes of previous studies, the researcher intends to
elaborate on the PBL model syntax with a differentiation strategy and see its effect on
students’ critical thinking skills. The objectives of this research are to find out the dif-
ferences in the application of the differentiated PBL model and conventional learning,
determine the effectiveness of differentiated PBL models, and determine the effect of
differentiated PBL models and learning styles.

The novelty of this study is the analysis of critical thinking skills in terms of the
outcomes of implementing the PBL model which is elaborated with a differentiation
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strategy. The research results are expected to provide information to teachers about
the latest learning model in the form of a differentiated PBL model in developing the
critical thinking abilities of students.

Literature Review

Problem-Based Learning

Problem-based learning (PBL) is called innovative learning because it is considered
new and different from the previous conservative, conventional, and teacher-based
learning models. PBL sees students not as merely objects in learning but as subjects
that can be partners and contributors who can inspire ongoing learning. Therefore,
PBL is a learning innovation from a conventional to a democratic one (Dagdag et al.,
2021; Heong et al., 2020; Khoiriyah & Husamah, 2018; Muvid et al., 2022; Tan, 2021).

PBL can improve analytical reasoning ability because students are given the free-
dom to solve problems. PBL aims to make students tough and independent, accus-
tomed to taking the initiative, and skilled at using critical thinking to solve problems.
Thus, this model is expected to form the students’ independence, allowing them to
get accustomed to solving problems and being competitive. Ribeiro is interested in
this learning model because students are involved in learning; the teacher gives them
various problems, and then students are expected to analyze problems, formulate al-
ternatives or problem-solving, determine and implement problem-solving strategies,
and evaluate them (Tan, 2021). Therefore, teachers must be skilled in choosing what
problems are important and related to the learning objectives. PBL is a learning model
in which students try to solve problems with several scientific stages in which stu-
dents are expected to learn relevant knowledge related to this problem (Heong et al.,
2020; Romanowski & Alkhateeb, 2022; Tan, 2021). PBL seeks to serve students with
real-world problems as a context for students to practice how to think critically and
gain skills to solve problems.

To achieve learning objectives consistently, the problems created must follow the
curriculum, be adapted to existing equipment, and raise realistic problems following
empirical facts in the environment. The closer the problem is to the environment, the
easier it will be for students to comprehend the problem and get answers more quickly.

Differentiated Learning

Barcelona (2020) introduced differentiated learning, mentioning that differentiated
learning accommodates, serves, and recognizes the diversity of students in learning
according to their readiness, interests, and learning preferences. The main conside-
ration in differentiated learning is the strengths and needs of students. Differentiated
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learning requires educators to pay attention and provide actions to meet the special
needs of students. Differentiated learning allows teachers to see learning from various
perspectives. Finding out about students and responding to their different learning
styles is a cyclical process. When teachers continue to learn about the diversity of their
students, then professional, efficient, and effective learning will be realized (Lintang-
sari & Emaliana, 2020; Magableh & Abdullah, 2022; Pozas et al., 2020). Differentiated
learning is based on modifying four elements: content, process, product, and learning
environment.

The goal of differentiated learning is to modify the educational program in the
classroom to meet the unique needs and skills of each student; each student has their
own uniqueness and different ways of understanding learning materials. So, differenti-
ated learning is a series of activities in the form of decisions following common sense
prepared by teachers for a pro-student learning model and oriented to the learning
needs of students (Hendel, 2022; Magableh & Abdullah, 2022). The decision relates
to the following matters: how to create a learning environment for students, define
learning objectives, and provide continuous assessment to create an effective class.
Knowing learning needs and the environment that facilitates all individuals in edu-
cational institutions to improve their competence safely and comfortably is crucial.
Based on this, it can be concluded that differentiated learning is an attempt to adjust
the learning process in the classroom to meet the individual learning needs of each
learner (Barcelona, 2020; Magableh & Abdullah, 2022).

Differentiated learning typically addresses student needs by focusing on their
learning interests, levels of readiness, and individual preferences. The primary objec-
tives of differentiated learning are (Magableh & Abdullah, 2022):

1. Facilitating learning for all students by enabling educators to recognize
and enhance each student’s abilities, ensuring that all students can achieve
their learning objectives.

2. Enhancing student motivation and academic performance by providing
material that matches the student’s ability levels. When instruction is tai-
lored to their capabilities, students are more motivated and achieve better
learning outcomes.

3. Fostering a positive and collaborative relationship between teachers and
students, thereby enhancing student engagement and enthusiasm for
learning.

4. Promoting student independence by encouraging self-directed learning
and fostering respect for diversity among students.

5. Increasing teacher satisfaction by challenging educators to develop and
refine their teaching skills, which enhances their creativity and profes-
sional fulfilment.
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The basic principle in differentiated learning is that teachers, as class leaders, must
take steps to ensure students learn what they need to achieve curriculum goals (Hen-
del, 2022). Before the class starts, teachers must know what is expected of students.
One of the suggestions offered by many practitioners of differentiated learning is
knowing, understanding, and doing. When preparing a lesson, the teacher must spe-
cify what students must achieve through knowing, understanding, and doing activi-
ties. Teachers determine the learning outcomes they expect from students by develo-
ping learning units to meet their needs.

Critical Thinking

Among the essential abilities that must be acquired through education is the ability
to think critically. A person’s ability to think will affect life’s success because it is related
to what will be done. “Learning to think emphasizes seeking and finding knowledge
through interactions between individuals and the environment” (Silverblatt, 2018).
This means that learning to think in the educational process in educational institu-
tions does not only emphasize the accumulation of subject matter knowledge, but the
priority is the capacity of students to acquire their knowledge (self-regulated). Some-
one who has critical thinking skills tends to identify relevant information quickly,
separate irrelevant information and use this information to find solutions to problems
or make decisions, and if necessary, look for relevant supporting information.

Students with sufficient critical thinking skills have a high probability of studying
problems systematically, facing challenges in an organized way, formulating innova-
tive questions, and devising solutions to relatively new problems. One needs to learn
critical thinking skills because these skills are very useful for facing life now and in
the future (Umam & Susandi, 2022). With critical thinking skills, a person can think
rationally and logically to receive information and solve problems systematically. This
means that critical thinking can improve analytical skills. Critical thinking skills also
increase a person’s creativity and innovation ability (Hakim et al., 2021). Someone
with critical thinking skills can take advantage of ideas or information and look for
additional relevant information so they can evaluate and then modify it to produce
the best ideas. Critical thinking skills also function to reflect or self-evaluate the deci-
sions that have been taken (Liu & Pasztor, 2022).

Critical thinking is one of the higher-order thinking skills (HOTS). The ability to
think critically can be described as a person’s ability to analyse an idea using logical
reasoning; critical thinking is a set of skills and tendencies that allow a person to
solve issues logically. Critical thinking skills can also be interpreted as a person’s deci-
sion-making ability (Anggraeni et al., 2023).
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Methods

Research Design

This study used the Quasi-Experimental Design method with a non-equivalent
control group design (Hastjarjo, 2019). The non-equivalent control group design pro-
vides a pre-test before treatment and a post-test after treatment in each group.

Table 1
A Quasi-Experimental Design With the Non-Equivalent Control Group
Sample Pre-test Treatment Post-test
Experimental Group Y, T, Y,
Control group Y, T, Y,

Sample and Data Collection

The subjects of this study were students of the Geography Education Study Pro-
gram, Faculty of Teacher Training of Education, Lambung Mangkurat University,
Banjarmasin, South Kalimantan Province, Indonesia, with homogeneous characteris-
tics. Subjects were taken from classes with relatively the same (equivalent) academic
ability based on the average Introduction to Wetlands Environmental Management
Course score. Specifically, the students involved in this research were all 2021 Geog-
raphy Education students who received the Introduction to Wetlands Environmental
Management Course. We had 68 students from Batch 2021 divided into two classes
(class A and class B). The two classes were then grouped into an experimental class
(class A with 34 people) and a control class (class B with 34 people). The teaching
material used in this research was the environmental management of wetlands for the
entire 2022/2023 academic year semester. Quasi-experimental research uses only two
sample groups; one sample group applies as the treatment and the other as the control
group. The experimental class is given a special treatment. The control class intended
in this research is a class that does not get treatment (conventional approach).

Research Instrument

The instrument used to measure critical thinking ability is displayed as an essay
question. The questions are based on 5 indicators of critical thinking skills, namely:
elementary clarification, basic support, inference, advanced clarification, strategies,
and tactics (Ennis, 1993). Test the validity of the questions using Pearson’s Product
Moment correlation with a significance of 0.05. In comparison the reliability test of
the item instrument uses Cronbach’s alpha test with a significance of 0.05. The results
test results for the validity of the questions produce a significance value of < 0.05 so
that they are declared valid. The reliability test results of the questions yielded a signi-
ficance of 0.701 > 0.6, so they were declared reliable.
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Table 2
Indicators of Critical Thinking Skills
No  Critical Thinking Skills Indicators

1 Elementary Clarification Formulating questions leading to the answers

Making arguments with suitable or logical reasons
2 Basic Support Pointing out similarities and differences
Complete arguments

Logical deduction

3 Inference S .
Logical interpretation of statements

Investigating or collecting data
4  Advanced Clarification Generalizing data, making tables and figures
Providing logical assumptions

Evaluating based on facts, principles, and guidelines

5 i Tacti o .
Strategies and Tactics Providing alternatives

Data Analysis

The data analysis technique used in this study is aimed at measuring students’ crit-
ical thinking skills, namely by conducting a prerequisite test including normality and
homogeneity tests, after going through the prerequisite tests followed by hypothesis
testing. The prerequisite test consists of a normality and homogeneity test carried out to
guarantee that the information is dispersed normally and the variance is homogeneous
before testing the hypothesis. The normality test uses the Kolmogorov-Smirnov test
with a significance level of 5% (0.05) with a probability value > 0.05, if the probability
value is high, then the data is regularly distributed is <0.05, then the distribution of
the data is not normal. The homogeneity test uses Levene’s test for variance equality
with a confidence level of 5% with the condition that if the probability value is >0.05,
then that data has a homogeneous variant, if the probability value is <0.05, then the
data does not have a homogeneous variant. Test the hypothesis in this investigation
using an independent sample t-test. The hypothesis in the study are:

H_: There is a significant difference between the use of differentiated problem-based
learning models and conventional learning.

H_: There is no significant difference between the use of differentiated problem-based
learning models and conventional learning.

Use the N-Gain test to find out the variation between the experimental class’s and
the control class’s mean critical thinking scores. Furthermore, the ANOVA test was
utilized for determining the impact of differentiated PBL models and learning styles.
All data analysis was done using SPSS 27.0 for Windows with a significance level of 5%.
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Results

Before treatment, the experimental and control classes took a pre-test to determine
students’ initial abilities, especially in the environmental management of wetlands.
Table 3 indicates that the pre-test mean value in the experimental class was 51.71, and
the control class was 51.09. These results indicate that students in the experimental and
control classes had almost the same critical thinking skills before treatment. After the
pre-test, the two classes were given different treatments: the experimental class with a
differentiated problem-based learning model and the control class with the conventional
model. Then, at the end of the lesson, a post-test was given to determine the critical
thinking abilities of students after treatment. Table 3 indicates that the post-test mean
the experimental class’s value is 74.94, and the post-test mean of the control class is
59.09. This shows significant differences in critical thinking skills in the two classes,
with the lower average value within the class of control.

Table 3
Descriptive Analysis
N Minimum  Maximum Mean Std. Deviation

Pre-Test Experiment 34 37 80 51.71 10.903
Post-Test Experiment 34 57 97 74.94 10.331
Pre-Test Control 34 33 80 51.09 12.672
Post-Test Control 34 37 86 59.09 12.305
Valid N 34

Normality Test

We used the Kolmogrov-Smirnov method with the help of SPSS 27 for Windows,
with the following criteria. If the significance value is >0.05, then the data used in the
study has a normal distribution. If the significance value is <0.05, then the information
used does not have a normal distribution.

Table 4 shows that the significance level for pre-test data for the experimental
class is 0.102, and the control class is 0.200. This proves that the significance level of
the experimental and control classes’ pre-test data is >0.05, so the pre-test data in the
experimental and control classes are normally distributed. The significance level for
post-test data for the trial class was 0.130, and for the control class was 0.061. This
shows that the significance level of the post-test data for the experimental and control
classes is >0.05, so it might be said that the post-test data is normally distributed.
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Table 4
Normality Test

Kolmogorov-Smirnov Shapiro-Wilk
Critical Thin- . . . . .

King Skill Class Statistic Df Sig. Statistic df Sig.

Pre-Test 138 34 102 941 34 067

Experiment

Post-Test 134 34 130 965 34 345

Experiment

Pre-Test 122 34 200° 954 34 161

Control

Post-Test 147 34 061 966 34 365

Control

*. This is a lower bound of the true significance
a. Lilliefors Significance Correction

Homogeneity Test

The homogeneity test aims to find out whether the sample data from a popula-
tion has the same or homogeneous variance. The homogeneity test was done using
Levene’s test with the help of SPSS 27 for Windows. Data distribution is said to be
homogeneous if a significant value is >0.05, and if the significance value is <0.05,
then the data distribution is said to be non-homogeneous. Table 5 shows that the data
significance value is 0.471, meaning that the data presented is homogeneously distrib-
uted because 0.471 > 0.05.

Table 5
Homogenity Test
Critical Levene Statistic ~ dfl df2 Sig.
Thinking  \fean 524 1 66 471
Median .624 1 66 432
Median and with adjusted df 624 1 63.162 433
Trimmed mean .533 1 66 468

Independent Sample T-Test

The t-test results in Table 6 show an important distinction between the gain scores
of the experimental and control groups’ students’ critical thinking abilities. This is
evidenced by the results of the t-test calculation, where the value of significance is
0.001 <0.05. Specifically, in the end the increase in the experimental group (differentia-
ted PBL) was higher than in the control group (conventional learning). Thus, it can be
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concluded that there is a significant difference between the use of differentiated PBL
and conventional learning.

Table 6
Independent Sample T-test

Levene’s Test for Equality of Variances

. Sig.

F Sig. t df (2-tailed)
Critical Equal variances assumed 526 471 5.850 66 <.001
Thinking Equal variances not assumed .580 63.686 <.001

N-Gain Score

The N-Gain score data in Table 7 indicates that the experimental class’s mean crit-
ical thinking abilities score is 77.26%, and the control class’s mean value is 42.34%.
The variation in student scores was due to differences in treatment in the two classes.
The experimental group received differentiated PBL model and the treatment of the
control group with the conventional model (lectures and discussions). Regarding the
outcomes of N-Gain, therefore, it may be said that differentiated PBL model effectively
improves capacity for critical thinking.

Table 7
N-Gain Results
No Group N-Gain Score (%) Remark
1 Experiment Class 77.26 Effective
2 Control Class 42.34 Less Effective
Anova

Before Anova, we first described the average pre-test and post-test results based
on learning styles in each class (Figure 1). Based on results, which were based on
differences in learning styles in the experimental and control classes, an increase in
thinking critically abilities was found in each class with different learning styles; the
most dominant increase was in the experimental class.
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Figure 1
Pre-Test and Post-Test Results Based on Learning Style
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The outcome of the hypothesis testing that investigates the impact of the differen-
tiated PBL model and learning styles are presented in Table 8.

Table 8
Anova Results
Model Sum of Squares df Mean Square F Sig.
1 Regression 441.521 2 220.760 7.685 .002°
Residual 890.479 31 28.725
Total 1332.000 33

Dependent Variable: Critical thinking Skills (Y)
Predictors: (Constant), Learning Style (X2), Diff. PBL Models (X1)

Table 8 shows a significance value of 0.002 < 0.05. This indicates that there is a
considerable influence between the differentiated PBL model and learning styles.

Discussion

The Wetlands Environmental Management Course is one of the compulsory sub-
jects that students must take in the Geography Education Study Program, Faculty of
Teacher Training and Education, Lambung Mangkurat University. Every discussion
on the environmental management of wetlands requires students to think critically
because of the real conditions in the field, with many problems occurring in the wetland
environment in Indonesia, including the decreasing quantity and quality. Students
must be able to think critically to address problems and find the best solutions.
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Considering the findings of the analysis, it is known that the experimental class’s
critical thinking assessment with the differentiated PBL model is better than the
control class with the conventional model. This can be proven from the findings of
the independent samples t test which shows a significance value of 0.001 < 0.05. The
differentiated PBL model has characteristics that support learning activities, especially
in the environmental management of wetlands. To get good student learning outcomes,
dynamic learning activities must be pursued (Hmelo-Silver & Eberbach, 2012; Moust
etal., 2021; Muangmee et al., 2021; Savery, 2015). The differentiated PBL model involves
active students and trains higher-order thinking, and fosters the ability to think in-
dependently in stages or learning processes (Herzon et al., 2018; Loyens et al., 2015;
Moust et al., 2021). Students’ critical thinking skills increase when learning with the
PBL model (Herzon et al., 2018).

PBL is based on contextual problems, which require investigative efforts to solve
issues. PBL includes asking questions or problems, focusing on interdisciplinary re-
lationships, authentic investigations, collaboration, and producing work and rewards
(Batlolona & Souisa, 2020; Kolmos & Graaff, 2014; Loyens et al., 2015; Quinn, 2020).
This provides an opportunity for educators to motivate and facilitate student learning
needs. Among the efforts made by teachers in facilitating student learning needs is
to do differentiated learning. Differentiated learning provides more opportunities for
students to explore their differences to be used as strengths in understanding lessons.
The process begins with collecting initial information on students through learning
readiness, interests, and learning styles.

PBL combined with differentiated learning and paying attention to learning styles
is increasingly able to maximize critical thinking skills. The application of learning
with a differentiation strategy increases the level of students’ critical thinking (Ernawati
et al., 2023; Zubaidah et al., 2017; 2020). This has observed in the PBL model syntax
with the differentiated strategy applied to students in this study

The first phase is problem orientation; the lecturer gives problems at this stage, and
students are asked to analyse them. Problems that are contextual and meaningful for
students will be more interesting, so students will start learning from an awareness.
The second phase is organizing students; in this phase, the lecturer forms groups
according to students’ learning profiles and learning styles based on the initial diag-
nostic test. The third phase is guiding group investigations. At this stage, the lecturer
differentiates content by freeing students to explore and choose learning resources
according to their interests. In addition, the lecturer also carries out process differen-
tiation, in which students are free to carry out learning activities according to their
preferred learning style. Students who learn with a visual style, learn through videos
and PowerPoint. Students with an auditory learning style learn by listening to direct
explanations from the lecturer. Students who have a kinaesthetic learning style learn
by conducting investigations outside the classroom.
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The fourth phase is presenting and developing the work. At this stage, the lecturer
performs product differentiation in which students can choose how to present their
learning outcomes. Students with a visual learning style may choose to present their
learning results through pictures and posters, students with an auditory learning style
can present their learning results through stories, and students with a kinaesthetic
learning style can present results of investigations outside the classroom (outdoor).

The fifth phase is analysing and evaluating the problem-solving process; at this
stage, the lecturer and students conclude the problem-solving results, reflect together
on the learning, and evaluate student learning outcomes. At this stage, the lecturer
carries out a differentiation strategy by providing opportunities for the visual, auditory,
and kinaesthetic groups to convey their opinions on the results of their reflection and
evaluation according to their learning style.

The PBL model was very effective and supported differentiated learning. Prob-
lem orientation could develop students’ critical thinking skills. Content and process
differentiation could provide students with meaningful, challenging, and relevant
learning experiences. Product differentiation could develop critical thinking skills
and collaboration between students.

These findings are in line with previous studies which prove that the PBL model has
a positive influence on students’ critical thinking skills (Hakan, 2018; Herzon et al.,
2018; Loyens et al., 2015; Muangmee et al., 2021; Seibert, 2021; Shamsuddin & Kaur,
2020). Students must do several things, such as accepting challenges from problems,
planning problem-solving strategies, implementing strategies, and retesting the solu-
tions in PBL. Learning activities like this raise students’ creative ideas and affect their
creative thinking abilities.

Differentiated learning strategies have also improved learning outcomes (Hadi
et al., 2022; Magableh & Abdullah, 2022; Osifo, 2019; Pozas et al., 2020). This learning
accommodates, serves, and recognizes the diversity of students in learning according
to their readiness, interests, and preferences. Improving learning outcomes through
differentiated learning can be seen in students’ increased pleasure, enthusiasm, and
motivation in understanding the subject matter. Previous research also shows that the
effective use of differentiation strategies has a positive impact on student performance
and learning outcomes (Dariyani et al., 2022). Differentiated PBL positively affects
students’ perceptions. The strategy aims to improve the achievement of all students at
low, medium, and high levels in their classes. This allows more students to participate
in class learning.

PBL with differentiated instruction challenges students to work together to solve
problems to gain knowledge according to their learning style. Students who study
according to their learning styles will feel more comfortable and easily follow every
learning process. Learning that adapts to student learning styles is a form of differenti-
ated instruction carried out by teachers. This is an advantage of PBL with differentiated
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instruction; it has a better effect on students’ critical thinking skills than conventional
learning models.

This part provides a thorough discussion along with an explanation of the research
findings. Results can be presented in figures, graphs, tables, and others that make the
reader understand easily (Baier et al., 2019), (Flanagan et al., 2020). The topic can be
covered in a number of subsections.

To meet the skills of Critical Thinking and Problem Solving in learning, an appro-
priate learning method and style is needed to support the demands of 21st century
learning. Differentiated Learning emphasizes meeting the learning needs of material
that is in accordance with the characteristics of each learner. The Problem-Based
Learning (PBL) model is one of learning methods that has been proven effective in
improving students’ critical thinking and problem-solving skills.

Conclusion

Problem-based Learning (PBL) with differentiated instruction can improve students’
critical thinking abilities more than conventional learning models. PBL with differ-
entiated instruction pays attention to the distinctive characteristics of students, i.e.,
different learning styles. Based on the independent sample t-test, a significance value of
0.001 < 0.05 was obtained; this marks a significant difference between using a difteren-
tiated PBL model and conventional learning on students’ critical thinking skills. The
N-Gain test showed that the experimental class produced a score of 77.26% while the
control class was 42.34%, meaning that the differentiated PBL model effectively increas-
es students’ critical thinking skills. The ANOVA test’s outcomes show a significance
value of 0.002 < 0.05. This means that there is an influence between the differentiated
PBL model and learning styles. This research implies that the problem-based learn-
ing model can be elaborated with differentiated instruction by considering students’
characteristics (learning styles) so that learning objectives can be better achieved.
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Santrauka

Sio tyrimo tikslas - iSanalizuoti studenty kritinio mastymo jgtdzius taikant diferencijuoto
probleminio mokymosi modelj. Siame tyrime dalyvavo 68 Indonezijos Lambung Mangkurat
universiteto Mokytoju rengimo ir §vietimo fakulteto Geografijos edukologijos katedros studentai.
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Renkant duomenis respondentams buvo pateikti klausimai, apimantys kritinio mgstymo
igiidzius. Siame tyrime naudotas kvazieksperimentinio dizaino metodas ir buvo iskirtos
eksperimentinés ir kontrolinés grupés. Kiekvienai grupei buvo pateikti klausimai pries testa,
testo metu ir po testo. Siame tyrime naudoti $ie duomeny analizés metodai: aprasomoji analizé,
normalumo testas, homogeniskumo testas, nepriklausomos imties t-testas, N-Gain, ir ANOVA.
Tyrimo rezultatai rodo: 1) reik§minga studenty kritinio mastymo jgtidziy skirtuma diferencijuoto
probleminio mokymosi ir jprastinio mokymosi taikymo metu; 2) probleminio mokymosi taikant
diferencijuota mokyma efektyvuma lavinant mokiniy kritinio mastymo jgudzius; 3) reikSminga
mokymosi modeliy ir mokymosi stiliy poveikj mokiniy kritinio mastymo jgadziams.

Esminiai zodziai: diferencijuotas mokymas, kritinis mqstymas, probleminis mokymasis.
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