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Abstract. This study aims to test the effect of the application of the Problem Based Learning
(PBL) learning model based on differentiated learning on the improvement of students’ critical
thinking skills in work and energy materials at SMP Negeri 2 Selakau Timur. This study uses a
quantitative method with a pre-experimental experiment design, namely by using one pretest-
posttest group. The results of the study show that the application of the PBL model based on
differentiated learning is able to significantly improve students' critical thinking skills. The
average score of the pretest students was 17.25, while after the implementation of PBL learning,
the posttest score increased to 84.83. This increase is evident with an N-gain value of 0.81, which
indicates a high category of improvement. In addition, the implementation of differentiated
learning with the PBL model reached an average of 90-92%, indicating that the learning went
well and as expected. Based on the results of this study, it can be concluded that differentiated
learning with the PBL model is effective in improving students' critical thinking skills, especially
in work and energy materials.
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1. Introduction

Natural sciences are a broad learning material and integrated with the fields of chemistry, biology, and
physics. Science is active learning that involves students to play an active role in the search and
development of knowledge. At the junior high school level, science learning is taught in an integrated
or intact manner and cannot be separated [1]. The science learning process in each educational unit
should be held in an interactive, inspiring, fun, challenging, motivating students to participate actively,
and providing sufficient space for initiative, creativity, and independence in accordance with the talents,
interests and physical and psychological development of students [2].

Critical thinking refers to the ability to analyze information, determine the relevance of collected
information, interpret it, and solve problems [3]. Students who are less involved in learning and students
who have difficulties in understanding this learning material result in a lack of critical thinking skills in
science subjects. Critical thinking means that they are able to solve problems both in daily life and case
studies (science questions) that are able to make them think about the concepts they are facing.

In physics learning, there are still many students who lack critical thinking skills and low learning
outcomes [4]. This is because students are still not actively involved in observing and understanding the
physical phenomena around them, and there is still a traditional learning system that hinders students
from learning actively and creatively [5].

Based on the results of an interview with one of the science teachers of SMP Negeri 2 Selakau Timur,
informationwas obtained that students had low learning outcomes under the minimum completeness
criteria (KKM). due to the lack of students' understanding of the concept of the material taught. This is
because teachers still use conventional learning models, so students are still unable to analyze problems
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that occur in daily life. Students who are less involved in learning and students who have difficulties in
understanding this learning material result in a lack of critical thinking skills in science subjects.

This problem-based learning (PBL) model is a student-centered learning model in contextual
problems, which requires investigation efforts in an effort to solve problems [6]. However, the
application of the PBL model alone may not be enough to accommodate the learning needs of each
student. Therefore, a learning strategy is needed that is able to accommodate the learning needs of each
student or what is called a differentiated learning strategy. Differentiated learning is suitable for science
learning, such as physics subjects, because it is able to accommodate the learning needs of students by
paying attention to the learning readiness of the students [7].

The results of previous research stated that differentiated learning with the PBL model was able to
improve students' learning outcomes and mathematical creativity, but previous researchers had not
measured critical thinking skills using differentiated learning with the problem-based learning model,
especially in physics materials [8]. This study aims to measure critical thinking skills and the
implementation of learning before and after applying the Problem Based Learning model on work and
energy materials at SMP 2 Selakau Timur.

2. Method

The model used in this study is a quantitative research model with an experimental research method [9].
The results of the pre-experimental design research are dependent variables (bound) and not solely
influenced by independent (independent) variables. The design used in this study is a one-group pretest-
posttest design [10].

Table 1. One-group pretest-posttest research design.
Pretest Treatment Posttest
0O X 0O,

Through the pre-experimental design one-group pretest-posttest can produce more accurate
experimental results because at the beginning of the study the pretest is carried out first before being
given treatment and given a posttest after being given treatment, so that researchers can compare before
and after treatment.

This study's population is all class VIII B students in junior high school for the 2024/2025 school
year. The sampling technique uses simple random sampling, then Simple Random Sampling is the taking
of sample members from a population that is carried out randomly without paying attention to the strata
in that population[10]. The sample used in this study is one class with a total of 31 students.

There are three techniques used for data collection, namely measurement techniques, documentation
study techniques, and observation techniques. The measurement technique used in this study is in the
form of scoring the answers to the initial test questions for before and after. The documentation used is
in the form of photos of activities in learning that use learning strategies. The observation technique
used uses direct observation techniques. The observation that was directly carried out in this study was
learning activities in the classroom.

The research instruments are in the form of modules, student worksheets (LKPD), and test questions
that have been validated by two physics education lecturers and one junior high school science teacher.
The test questions used have also been tested for reliability using the SPSS program with the Alpha
Cronbach formula, so that the test instrument can be used repeatedly to collect data.

In quantitative research, data analysis activities are grouping data based on variables and types of
respondents, tabulating data based on variables and types of respondents,presenting data for each
variable being studied, performing calculations to answer problem formulations, and performing
calculations to test the hypothesis that has been put forward [11].

The application of differentiated learning is carried out through mapping learning needs to help
teachers develop activity plans that are appropriate and in accordance with student needs. This mapping
is based on the student's learning readiness, which is the capacity to learn new material. Students'
readiness levels are factored into tasks that push them out of their comfort zones, but with the right
learning environment and adequate support, they can still grasp new material.
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The learning process that uses the PBL learning model consists of 5 syntax, namely student
identification of problems, organization of student study groups, guidance of investigation, development
and presentation of work results, and evaluation of the problem-solving process or conclusion. The steps
of the PBL model are as follows: (1) orient students to problems; (2) organizing students to learn; (3)
guiding individual and group investigations; (4) developing and presenting works; (5) analyze and
evaluate the problem-solving process [12].

Questions and indicators of critical thinking are shown in Table 2.

Table 2. Questions and indicators of critical thinking.

No. Critical thinking indicators Questions
1. Elementary clarification (focusing on the Two people were presented who conducted
guestion) the experiment. Students were asked to

explain the efforts made by the two people.
2. Basic support (Building basic skills), Presented with illustrations, students can
(Observing and considering a report of give reasons why there are differences in

observation results) styles in two people who walk on different
tracks.

3. Inference (Making and determining the Presented with narratives and graphs of

value of consideration) potential energy and Kkinetic energy, students

can draw conclusions about the relationship
between potential energy and kinetic energy
appropriately.

4. Advanced clarification Presented with data, objects that fell at
different heights, students were able to
provide an explanation of which objects fell
deeper.

5. Strategies and tactics Presented a narrative about roller coasters,
students analyze the minimum speed of
roller coasters in certain positions.

3. Results and Discussion

To analyze the profile of critical thinking skills before and after the application of differentiated learning
with the Problem Based Learning model, it can be seen in Table 3.

Table 3. Descriptive statistical data.

Descriptive Statistics

N Minimum Maximum Mean Std.Deviation
pretest 31 5 40 17,26 9,56
Posttes 31 75 95 84,84 5,08
Valid N 31

Table 3 shows the descriptive statistics of students' critical thinking skills scores in the pretest and
posttest. In the pretest, the N score was 31, with a minimum score of 5 and a maximum score of 40, and
a mean of 17.26 which indicates a low level of critical thinking skills before the treatment, with a
standard deviation of 9.56 indicating considerable variation among the students. Meanwhile, in the
posttest, the N score remained at 31, with a minimum score of 75 and a maximum score of 95, as well
as an average (mean) of 84.84, showing a significant increase after the implementation of differentiated
learning with the Problem Based Learning model. The standard deviation in the posttest was 5.08, which
was lower than the pretest, indicating that most students achieved higher and more even scores after
learning. Thus, these data show a significant improvement in critical thinking skills after treatment,
which will be further analyzed in Table 4.
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Table 4. Pretest and posttest score data.

No. Critical thinking skills indicators Experimental Classes

Pretest Posttest ((Ax))
1. Giving a simple explanation 29,03 87,90 58,87
2. Build basic skills 7,26 80,65 73,39
3. Conclusion 4,03 77,42 73,39
4, Providing further explanation 43,55 92,74 49,19
5. Setting up strategies and techniques 2,42 85,48 86,06

Table 4 shows the score data of each indicator of critical thinking skills of students in the
experimental class before (pretest) and after (posttest) were given treatment. From the table, it can be
seen that each indicator has experienced a significant improvement after the implementation of
differentiated learning with the Problem Based Learning model. For example, in the indicator
"Providing a simple explanation,” the average score of students increased from 29.03 in the pretest to
87.90 in the posttest, with an increase of 58.87. The "Building basic skills" indicator also showed a
significant improvement, with the score rising from 7.26 on the pretest to 80.65 on the posttest, an
increase of 73.39 points. Likewise, the "Conclusion™ indicator, which increased from 4.03 to 77.42, as
well as the "Providing further explanations" and "Managing strategies and techniques" indicators, each
increased by 49.19. This significant improvement shows that the application of the problem-based
differentiated learning model is effective in improving students' critical thinking skills[13]. This model
allows teachers to tailor learning to the individual needs of learners, which in turn stimulates their ability
to think more critically and deeply [14].

Furthermore, the Wilcoxon Signed Ranks Test was used to analyze whether there was a difference
between the pretest and posttest scores because the data was not normally distributed. The results of the
Wilcoxon Signed Ranks Test can be seen in Table 5.

Table 5. Wilcoxon Signed Ranks Test.

Test Statistics®

Postes - Pretest
Z -4,871°
Asymp. Sig. (2-tailed) ,000

a. Wilcoxon Signed Ranks Test
b. Based on negative ranks.

Based on the results of the Wilcoxon Signed Ranks Test, a Z value of -4.871 was obtained with an
Asymp value. Sig. (2-tailed) by 0.000. Because of the value of Asymp. Sig. < 0.05, it can be concluded
that there is a significant difference in students' critical thinking skills before and after the
implementation of differentiated learning with the PBL model.

After knowing the difference in pretest and posttest scores, the next step is to use the N-gain formula
to find out the difference in improving students' critical thinking skills. The data on the category of
improving students’ critical thinking skills can be seen in Table 6.

Table 6. N-gain score.

N Experimental Classes
31 Minimum maximum N gain Score
70,59 94,44 0,81

Based on Table 6, the results of the calculation of the N-gain score show that the average N-gain
value of 0.81 is in the high category. So that students' critical thinking skills have experienced a
significant increase after the implementation of learning. This shows that differentiated learning with
the Problem Based Learning model is effective in improving students' critical thinking skills in Work
and Energy materials.



Application of PBL Model Differentiated Learning....

Before the implementation of differentiated learning, of course, researchers identify the learning
needs of students. At the beginning of the learning activity, the researcher carried out a cognitive
diagnostic test in order to find out the student's learning readiness through the pretest. That way the
results of the learning readiness test from each student can be seen directly. Learning Readiness refers
to the level of ability or readiness of a student to receive and understand the learning materials given
[15]. Learning readiness is influenced by various factors, such as prior knowledge, cognitive skills, and
student motivation [16]. Based on the results of diagnostic tests, students' learning readiness can be
grouped into three categories [17]:

1. Newly Developed
Students at this stage have a limited basic understanding and require a lot of guidance and
repetition of the material to strengthen their understanding. They may have difficulty in
connecting new information with previous knowledge.

2. Growing
Students at this stage can understand and work on most of the material with little guidance. They
have developing cognitive skills and are beginning to be able to apply knowledge in simpler
contexts.

3. Proficient
Advanced students have a deep and broad understanding of the material. They can apply their
knowledge independently to more complex problems and have high critical thinking skills.

The PBL approach with differentiation begins with an initial assessment to understand the student's
needs, followed by a flexible project design that allows for the choice of content, processes, and
products. During the implementation, teachers manage heterogeneous groups, provide scaffolding, and
monitor progress with formative assessments. The project concluded with product presentations in a
variety of formats of students' choice, accompanied by feedback and reflection that strengthened
students' skills and understanding, as per recent research demonstrating its effectiveness in supporting
meaningful learning. the implementation of differentiated learning with the Problem Based Learning
(PBL) model on Work and Energy materials, the implementation of learning activities can be calculated
using the formula [18]. The following table 7 presents the average learning implementation at two
different meetings.

Table 7. Implementation of learning.

No. Activity Stages Percentage Per Meeting
Meeting -1 Meetings - 2

1. Introduction 100 % 100 %

2. Problem Orientation 100 % 100 %

3. Organizing students into groups 100 % 100 %

4. Guiding Group Investigations 100 % 100 %

5. Interpreting the results of group discussions 83,33 % 66,66 %

6. Analyzing and Evaluating 50 % 75 %

7. Cover 100 % 100 %
Average 90 % 92 %

The implementation of differentiated learning with the promulgation-based learning model of
students can also be seen based on the percentage of implementation. Based on the results of the
percentage of implementation obtained 90%-92%. With this value, it shows that differentiated learning
with a problem-based learning model can be categorized as well implemented. Through the
implementation of differentiated learning, it aims to facilitate students with learning that suits their
characteristics and needs. According to [19] differentiated learning based on initial readiness provides
opportunities for students to participate in learning activities as they wish and helps them learn
efficiently. Problem Based Learning can be used to help students develop critical thinking skills or
problem-solving skills.
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The PBL model aims to improve students' critical thinking skills[20]. This model involves five steps,
namely:

1) Problem reformation

At this stage, the educator ensures that each student actively participates in the learning process by
forming small groups consisting of five to six students. Differentiated learning is applied to align
with the students' learning readiness. The students search for information and strategies through
group discussions to solve the given problem. Each student shares their thoughts and records the
discussion results in the Group Discussion Support Worksheet (LKPD). The aim of this group
discussion is to help students understand the problem more easily and deeply, as well as to enhance
their critical thinking skills and ability to retain the information received.

2) Organizing students into groups
At this stage, the teacher ensures that all students actively participate in the learning process by using
a differentiated learning approach. The researcher forms small groups (5-6 students) to help them
understand the given problem and share ideas. During the group discussion, students search for
information and strategies to address the problem, while also recording their thoughts in the Group
Discussion Support Worksheet (LKPD). This group discussion helps students understand the
material more easily and aids them in retaining the information they receive.

3) Providing assistance to students in the implementation of tasks,
At this stage, the researcher provides direct assistance to the students as they carry out their tasks,
such as offering additional explanations, examples, or questions to help students think more deeply.
This assistance is tailored to the needs of each student, both individually and in small groups, to
ensure they can understand and complete the task effectively.

4) Developing the results of the discussion,

In this study, each group was asked to write a report in the form of a poster that clearly explained the
results of the group discussion. Each group then gave a poster presentation in front of the whole
class. Presentations follow a specific numerical order, and each learner must present his or her work
in a group or participate in a presentation. However, in the learning process, even though each group
is asked to make a poster and present it, there are problems such as lack of involvement of all students,
ineffective time management, and presentations that do not always follow the prescribed order, thus
hindering the optimal development of discussion results. Therefore, improvements are needed in time
management, a more equitable division of roles, and stricter supervision from researchers to ensure
that every student actively participates and the presentation takes place in a structured manner.

5) Analyze and evaluate.

In this phase, the researcher supports students in analyzing and evaluating problem solutions and
research results. For example, about roller coasters, students are asked to analyze the effort and
energy that occurs during the roller coaster ride. They evaluated the solutions found regarding
potential and kinetic energy changes. Problems that arise include a lack of in-depth understanding of
physics concepts, an imbalance of contributions to discussions, and difficulties for groups who are
not present to provide constructive responses. Nonetheless, students who attended gave responses
and evaluations to the presentations of other groups, while those who did not attend were given the
opportunity to ask questions after the presentation, which strengthened the evaluation process and
improved overall understanding of the material.

4. Conclusion

The learning with the PBL model implemented through a differentiated approach successfully enhanced
students' critical thinking skills. This is evidenced by the significant difference between the pretest score
(17.25) and the posttest score (84.83), which indicates a very high improvement. The N-gain value of
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0.81 indicates the effectiveness of the learning model in promoting students' critical thinking skills.
Differentiated learning with the PBL model is able to accommodate each student's learning needs, in
accordance with their interests, learning styles, and readiness. Observation results show that this learning
was carried out effectively, with an implementation level of 90%-92%, indicating that the application
was effective and provided space for students to learn actively and creatively.

Acknowledgments
The authors would like to thank the manager of MBKM Research of FKIP UNTAN for providing the
opportunity to participate in the program.

References

[1] Linasari D and Arif M 2022 Pembelajaran Terpadu limu Pengetahuan Alam di Sekolah Menengah
Pertama Jurnal Pendidikan dan Pembelajaran IPA 8(1) 15-22

[2] Suja I W 2023 Keterampilan Proses Sains dan Instrumen (PT. RajaGrafindo Persada -
RajaGrafindo Persada)

[3] Sestiya R, Prabowo H and Lestari Y 2020 Pengembangan Kemampuan Berpikir Kritis Siswa
dalam Pembelajaran Jurnal Pendidikan dan Pembelajaran 9(3) 45-53

[4] Subartini 2023 Analisis Kemampuan Berpikir Kritis Peserta Didik dalam Pembelajaran Fisika
Jurnal limiah Pendidikan Fisika 10(1) 45-52

[5] Gunawan A, Rahmawati S and Prabowo H 2021 Pengaruh Model Pembelajaran Aktif terhadap
Kemampuan Berpikir Kritis Siswa dalam Pembelajaran Fisika Jurnal Pendidikan Fisika 15(2)
123-30

[6] Hendriana H, Johanto T and Sumarmo U 2018 The role of problem-based learning to improve
students’ mathematical problem-solving ability and self confidence Journal on Mathematics
Education 9 291-9

[7] Nurmaya S, Rahman A and Sari D 2023 Strategi Pembelajaran Berdiferensiasi dalam
Pembelajaran limu Pengetahuan Alam Jurnal Pendidikan Fisika dan Ilmu Pengetahuan Alam
12(2) 89-97

[8] Rahmah S, Dalila A A, Liliawati W and Setiawan A 2022 Pendekatan Pembelajaran Diferensiasi
dalam Model Inkuiri terhadap Kemampuan Numerasi Siswa Jurnal Imiah Pendidikan dan
Pembelajaran 6

[9] Sugiyono 2019 Metode Penelitian Pendidikan Pendekatan (Kuntitatif, Kualitatif, Kombinasi,
R&D dan Penelitian Pendidikan (3rd ed.; A. Nuryanto, Ed) (Alfabeta)

[10] Sugiyono 2017 Metode Penelitian Pendidikan: Pendekatan Kuantitatif, Kualitatif dan R&D
(Bandung: Alfabeta)

[11] Sugiyono 2022 Metode Penelitian Kuantitatif, Kualitatif, dan R&D (Bandung: Alfabeta)

[12] Savery J R 2019 Overview of Problem-Based Learning: Definitions and Distinctions
Interdisciplinary Journal of Problem-based Learning, 14(1).

[13] Huang, H. L., & Wu M L 2012 The Effectiveness of Differentiated Problem-Based Learning on
Critical Thinking Skills in Secondary Education Journal of Educational Psychology

[14] Yanti R and Wijaya A 2023 Model Pembelajaran yang Menyesuaikan Kebutuhan Individual
Peserta Didik untuk Meningkatkan Kemampuan Berpikir Kritis Jurnal Pendidikan dan
Pembelajaran 11(1) 15-25

[15] Miller, D. C., & Davidson R E 2020 Readiness to Learn: A Conceptual Framework for Educational
Practice International Journal of Educational Research

[16] Zimmerman B J 2021 Attaining Self-Regulation: A Social Cognitive Perspective. Educational
Psychologist

[17] Guskey, T.R., & Bailey J M 2020 Developing Standards-Based Report Cards Corwin Press

[18] Yamasari Y 2010 Pengembangan Media Pembelajaran Matematika Berbasis ICT yang
Berkualitas. (Seminar Nasional Pascasarjana X - ITS, 979-545-0270-1.)

[19] Herwina W 2021 Optimalisasi Kebutuhan Murid Dan Hasil Belajar Dengan Pembelajaran
Berdiferensiasi Perspektif Ilmu Pendidikan 35 175-82

[20] Barrows H S 2020 Problem-Based Learning in Education for the Professions Springer Publishing

83



