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The Effectiveness of Problem-Based Learning Model In Improving Critical
Thinking Skills in Science Learning: a Meta-Analysis. This study aims to
determine the effectiveness of the problem-based learning (PBL) model in
improving students' critical thinking skills in science learning. A meta-analysis
study was carried out in this study by analyzing 30 scientific articles resulting
from previous studies. The selected scientific articles have criteria namely; (1)
articles that discuss the effect of applying the PBL model on critical thinking
skills in learning science (physics and biology) (2) articles from national and
international journals with research locations in Indonesia (3) journals
published within the last five years. The data in this study were analyzed by
calculating the average effect size from several previous studies and then
categorized using the criteria set by Cohen's. The results of data analysis
showed that the average effect size for physics subjects was 1.08 while for
biology subjects it was 1.06. It can be concluded that the PBL model is
effectively used to improve students' critical thinking skills in learning science
(physics and biology) with a level of effectiveness in the high category.
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Pnelitian ini bertujuan untuk mengetahui efektifitas model problem based
learning (PBL) dalam meningkatkan keterampilan berpikir kritis peserta didik
dalam pembelajaran sains. Studi meta-anlisis dilakukan dalam penelitian ini
dengan menganalisis 30 artikel ilmiah hasil dari penelitian sebelumnya. Artikel
ilmiah yang dipilih memiliki kriteria yaitu; (1) artikel yang membahas tentang
pengaruh penerapan model PBL terhadap keterampilan berpikir kritis dalam
pembelajaran sains (fisika dan biologi) (2) artikel berasal dari jurnal nasional
dan internasional dengan lokasi penelitian di Indonesia (3) jurnal
dipublikasikan dalam rentang waktu lima tahun terakhir. Data dalam penelitian
ini dianalisis dengan menghitung rata-rata effect size dari beberapa penelitian
sebelumnya kemudian dikategorikan dengan menggunakan kriteria yang dibuat
oleh Cohen’s. Hasil analisis data menunjukkan bahwa rata-rata effect size
untuk mata pelajaran biologi sebesar 1,06 sedangkan mata pelajaran fisika 1,08.
Dapat disimpulkan bahwa model PBL efektif digunakan untuk meningkatkan
keterampilan berpikir kritis peserta didik dalam pembelajaran sains (fisika dan
biologi) dengan tingkat efektifitas berada pada kategori tinggi.

Sitasi: Busyairi, A., & Kusuma, A.S.H.M. (2023). The Effectiveness of Problem-Based Learning Model In
Improving Critical Thinking Skills in Science Learning: a Meta-Analysis, Kappa Jurnal, 7 (1), 128-137
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INTRODUCTION

Currently, the world is in the 21st century. The 21st century is marked by the era of
globalization which makes the world seem borderless (a borderless world). Various studies
report that to face the challenges of the 21st century, various skills or competencies are
needed. The Partnership for 21st Century Skills explains that one of the skills needed to face
the challenges of the 21st century is critical thinking skills (Verawati et al, 2018). Critical
thinking skills are the ability to interpret, evaluate, be able to give reasons effectively, be able
to analyze, be able to solve problems, make conclusions, and be able to determine the
credibility of existing evidence (Astika et al, 2013).

Critical thinking skills have now become a trend that is the main focus of learning in
several developed countries in the world. Several developed countries such as the United
States, Canada, Europe, Australia, and New Zealand place critical thinking skills into their
educational curricula (Prayogi et al, 2018a; Howard, 2018). Likewise in Indonesia, since
2013 critical thinking skills have become one of the competencies that must be possessed by
all students in Indonesia. Given the importance of critical thinking skills, several assessment
programs at the international level include critical thinking skills as a domain in their
assessment, including the PISA and TIMSS International Student Assessment Programs
(Verawati et al, 2018; Mullis et al, 2015). Based on the data released by the two studies, it
shows that the average score for the critical thinking domain of Indonesian students is always
below the international average score (Simbolon, et.al., 2019). In addition, several research
results also show that the critical thinking skills of Indonesian students are still low. The
results of research by Kassiavera et al, (2019); Farcis, (2019); Makhrus et al, (2020); Safitri et
al, (2021) show that students' critical thinking skills, especially in solving science problems,
are still low. The results of this study indicate that learning activities in schools so far have
not been able to improve students’ critical thinking skills.

Various efforts have been made by educators (teachers and lecturers) to improve
students' critical thinking skills. One of the many efforts made by teachers and lecturers in
improving students' critical thinking skills, especially in science learning, is to apply the
Problem-Based Learning (PBL) model. PBL is a learning model that involves students
solving contextual problems through scientific procedures so that students can learn
knowledge related to these problems. Through problem-solving activities, students practice
using critical thinking skills from analyzing problems to synthesizing various information
needed in the problem-solving process given. This is in line with the opinion of
Akhdinirwanto et al, (2020) which states that PBL is a learning model that uses real-world
problems, as a context for students to practice how to think critically and gain skills to solve
problems.

Empirically, the PBL model has proven to be effective in improving students' critical
thinking skills in science learning. The results of research conducted by Ramadani &
Murtiani, (2019); Ibrahim et al (2019); Selviani, (2019); Wulandari et al, (2020); Maulina et
al, 2020); Astutia et al, (2021); Nasral & Meliandika, (2022) show that the PBL model is
effective for improving students' critical thinking skills in science learning with an Effect size
(ES) in the medium category. Likewise, Rahmawati's research results (2018); Aswan et al
(2018); Parno et al, (2019); Cahyono & Dwikoranto, 2021; Nurhayati et al (2021); Triyanti,
(2022); Fitriyyah, & Waulandari, (2022) show that the PBL model is effective for improving
students' critical thinking skills in science learning with an Effect size (ES) in the high
category. In fact, the results of research conducted by Laksono et al (2018); Yulianti &
Gunawan (2019); Supriyanto and Mustika, (2019); Nasihah et al, (2019); Setyoko et al
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(2019); Priyadi & Suyanto, (2019), Cristanti et al, (2021); Habibah et al, (2022); Fithriyana &
Fikri, (2022); Fadhilah et al, (2022); Hestari et al, (2023) showed that the PBL model was
very effective for improving students' critical thinking skills in science learning with an effect
size (ES) in the very high category.

The results of the research above show that there are differences in the size of the
impact of applying the PBL model in improving students' critical thinking skills even though
these studies were carried out in the same context, namely in science learning. Therefore, it is
necessary to carry out a meta-analysis study to determine the average effect size or level of
effectiveness of the PBL model in improving students' critical thinking skills, especially in
science learning. This is important to do as a consideration for educators in determining
appropriate learning models in relation to the aim of improving students' critical thinking
skills. In other words, the results of this meta-analysis study can be used as a basis for
comparing the effectiveness of the PBL model with other learning models in relation to
improving students' critical thinking skills.

METHOD

This research is a literature review research. This study seeks to analyze the effect size
of the application of the PBL model in improving students' critical thinking skills. The
subjects of this study were 30 science learning journals consisting of 15 physics journals and
15 biology journals. These journals consist of accredited national journals and international
journals. The selected journals have criteria, namely (1) journals that discuss the application
or implementation of problem-based learning models to students' critical thinking skills (2)
journals originating from national and international journals with research locations in
schools or educational institutions in Indonesia (3) journals that published within the last five
years.

In this study, the determination of the size of the effect size is sought by the equation
made by Cohen's as shown in Table 1 below (Putri et al, 2022)

Table 1. Equation to Determine the Effect Size

Statistics Formula
Mean of one group (one group ES = Xpost—Xpre
pretest-posttest design) SDpre
Mean of two groups (tWO ES = XExperiment_XControl
groups posttest only design) SDExperiment
Mean in two grOUpS (tWO ES = ()_(Post_)?Pre)Experiment — (Xpost—Xpre) control
. - (SDPre+5DPOSt)Control+(SDPT3)Experiment
groups pre-posttest design) g
t count ES=¢ 1 I S -
NExperiment Ncontrol N

The value of the effect size calculation results is then consulted with the criteria made
by Cohen's (Putri et al, 2022) as shown in table 2 below.
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Table 2. Effect Size Categories

Effect Size Category

ES<1.10 very high
0.75<ES<1.10 high
040 <ES<0.75 medium
0.15<ES <040 low

ES<0.15 Very low

RESULT AND DISCUSSION

Based on the results of the analysis that has been carried out, the effect size
recapitulation of 30 samples of research articles in national and international journals is
obtained as follows.

Table 3. effect size of the PBL model in improving students' critical thinking skills

Physics Biology
Ag;'g('f Effect Size Category Article Code  Effect Size Category
Phy 1 0.78 high Bio 1 0.75 medium
Phy 2 0.60 medium Bio 2 1.05 high
Phy 3 1.12 very high Bio 3 2.06 very high
Phy 4 1.63 very high Bio 4 0.73 medium
Phy 5 0.80 high Bio 5 1.65 very high
Phy 6 2.81 very high Bio 6 1.10 high
Phy 7 0.70 medium Bio 7 0.50 medium
Phy 8 0.82 high Bio 8 0.44 medium
Phy 9 1.20 very high Bio 9 0.69 medium
Phy 10 1.65 very high Bio 10 1.17 very high
Phy 11 0.80 high Bio 11 1.80 very high
Phy 12 1.13 very high Bio 12 0.69 medium
Phy 13 0.42 medium Bio 13 1.95 very high
Phy 14 0.85 high Bio 14 0.59 medium
Phy 15 0.82 high Bio 15 0.73 medium
Average 1.08 High Average 1.06 High

The effect size data as shown in Table 3 above shows that the average effect size value
for physics subjects is 1.08. This effect size value indicates that the level of effectiveness of
the PBL model in improving students' critical thinking skills is in the high category. That is,
the relevant PBL model is applied to learning physics in schools about improving students'
critical thinking skills. For biology subjects, the average effect size score is almost the same
as for physics subjects, which is 1.06. This effect size value indicates that the level of
effectiveness of the PBL model in improving students' critical thinking skills in learning
biology is also in the high category. This means that the PBL model is very suitable to be
applied to learning biology in schools in relation to improving students' critical thinking
skills. In other words, in general, the PBL model is suitable to be applied to improve student's
critical thinking skills in learning science (biology and physics).
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Critical thinking skills are the ability to interpret, evaluate, give reasons effectively,
analyze, solve problems, draw conclusions, and determine the credibility of existing evidence
(Astika et al., 2013). Most of the articles analyzed in this study used indicators of critical
thinking skills made by Ennis, (2011). The critical thinking skills indicators made by Ennis
are substantially the same as the indicators made by other experts. Critical thinking skills
indicators according to Ennis (Supriyati et al.,, 2018), namely; (1) provide simple
explanations, (2) build basic skills, (3) draw conclusions, (4) provide further explanations, (5)
set strategies and tactics. Furthermore, if we refer to the indicators of critical thinking skills
and relate them to student activities in learning with the PBL model, it appears that PBL is
relevant to be used to improve student's critical thinking skills.

In PBL, students learn to solve a problem by applying the knowledge they have or
trying to find out or build the necessary knowledge. Furthermore, students integrate
knowledge and skills simultaneously and apply them in the context of problem-solving.
Broadly speaking, the steps of the PBL model consist of five steps, namely (1) Orientation of
students to problems, (2) organizing learning activities, (3) guiding individual and group
investigations, (4) developing and presenting work, (5) analyze and evaluate the problem-
solving process (Astutia et al., 2021; Habibah et al., 2022; Fithriyana & Fikri, 2022; Tabroni
et al., 2022; Triyanti, 2022; Fitriyyah, & Wulandari, 2022). Each stage in PBL always
involves critical thinking activities in it.

First, at the orientation stage of students on the problem. At this stage, the teacher gives
problems to students, and students are invited to identify information, analyze problems,
provide simple explanations, analyze relationships between variables as a first step in making
problem formulations, identify or formulate criteria to determine possible answers from the
problem formulations that have been made and other critical thinking activities. Of course,
these activities can support the improvement of students' critical thinking skills. This
statement is in line with the statement of Leicester & Taylor, (2010), namely, students learn
to think critically gradually through habits that are trained in the form of activities to identify
problems, formulate problems, and answer questions that require explanation.

The second step of the PBL model is organizing learning activities. At this stage, the
teacher organizes students to make plans related to the steps that must be taken. At this stage,
there are several critical thinking activities that can encourage the improvement of students'
critical thinking skills including; Selecting criteria for making solutions, formulating
alternative solutions, determining what to do temporarily, reviewing the problems given,
obtaining a number of solutions, and compiling a rubric for monitoring the progress of
activities that have been planned. These activities can certainly train students' critical thinking
skills, especially in the aspect of the ability to determine strategies and tactics.

The third step of the PBL model is to investigate to find a solution to the given
problem. This process is very much dominated by critical thinking activities. At this stage,
students observe phenomena and analyze and identify data, information, or concepts that are
relevant to the given problem. these activities are very closely related to the process of critical
thinking, especially for the Induce indicator and considering the results of induction and
deduction. Likewise with the last stage of the PBL model. The last stage of PBL is to analyze
and evaluate the problem-solving process. Analyzing and evaluating activities are identical to
critical thinking activities.

However, if we refer to the data in Table 3 above, it can be seen that there are
differences in the level of effectiveness of the PBL model in improving students' critical
thinking skills from the 30 research articles analyzed. Based on the results of further analysis
of the 30 articles analyzed, this difference in the level of effectiveness can be caused by
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several factors, namely; (1) differences in the percentage of the implementation of the PBL
model in classroom learning, (2) differences in the personal abilities of teachers in organizing
students at each learning stage, (3) differences in the characteristics of students, and (4) the
suitability of the learning model with the lesson content presented. These four factors
influence each other. The percentage of implementation of this learning determines the
quality of learning in the classroom. When a teacher is not optimal in the apperception and
delivery of learning objectives at the beginning of learning, this will affect students' readiness
to participate in the problem-solving process in the PBL model (Novelni & Sukma, 2021).
The difference in the percentage of implementation of each learning stage is most commonly
caused by the teacher's ability to manage time, the problems presented being too complicated
or complex for students, and the characteristics of students who are not used to applying the
PBL model in the learning process. These four factors are indicated as the main factors
causing the difference in the size of the impact from several previous studies.

CONCLUSION

It can be concluded that the PBL model is effectively used to improve students’ critical
thinking skills, especially in learning science (physics and biology) in schools with the impact
size being in the high category. It is hoped that the results of this study can become a
reference for educators in implementing PBL, especially in learning physics and biology or in
learning science in general. In addition, the results of this study are expected to be used as a
reference for further research.

SUGGESTION

Suggestions for further research are to be able to conduct a more in-depth analysis of
the effectiveness of the PBL model in improving students' critical thinking skills in terms of
differences in student characteristics and/or characteristics of the content (material) being
taught. In addition, it is hoped that future researchers will be able to complete this research by
including a review of chemistry subjects.
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