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ARTICLE INFO ABSTRACT
Keywords: Purpose - As critical thinking is a key competency in science education, this
Meta Analysis study employs a meta-analysis to systematically evaluate the effectiveness

Problem Based Learning
Science Learning
Critical Thinking Skills

of the Problem-Based Learning (PBL) model in enhancing students' critical
thinking skills. This study analyzed 21 articles published between 2017 and
2024. These articles specifically discuss the effectiveness of PBL
implementation in enhancing students' critical thinking skills.

Methodology - The selection criteria included peer-reviewed articles
published between 2017 and 2024, which provided explicit numerical data
(sample size, mean, standard deviation) and a direct focus on the impact of
PBL on critical thinking skills. A random-effects model was chosen due to
expected variability among studies, and the effect size was calculated using
Hedges' g to ensure robust findings. Data analysis was performed using
SPSS version 29 to calculate the summary effect, analyze heterogeneity,
construct a forest plot, and identify potential publication bias.

Findings - The meta-analysis revealed a significant improvement in critical
thinking skills for students who experienced PBL-based learning compared
to conventional methods (summary effect = 0.57, 95% CI = 0.15-1.0, p =
0.01). This shows that 57% of learning with PBL models analyzed has a
significant positive effect on students' critical thinking skills. The
heterogeneity test indicated (12 value = 93,9% > 25%), suggesting moderate
variability among the analyzed studies. Funnel plots and Egger's regression
tests indicate no risk of publication bias.

Contribution- These findings emphasize the importance of integrating
PBL into science curricula to foster critical thinking skills. Educators should
consider structured PBL frameworks, while policymakers could support
teacher training initiatives to optimize implementation. Future studies may
explore longitudinal effects and variations across different educational
levels.
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INTRODUCTION

21st-century learning is based on unique characteristics that demand a focus on developing 21st-century
skills. This requires students to develop their critical thinking skills in the learning process. Critical thinking
skills are one of the most valued competencies. The awareness to think critically brings to life the process of
continuous reuse of thinking in an escalation that allows thinking to be oriented both toward the objects of the
world and towards the subjective interior, allowing one to determine ideas that provide greater security to the
person (Drigas & Mitsea, 2021). This aligns with the findings of Rivas et al. (2022), who suggest that critical
thinking makes individuals aware of the mechanisms in decision-making, which always contributes to
improving their performance. Critical thinking is also considered reasonable, and reflective thinking focuses
on deciding what to believe or do (Ennis, 2011; Rudianti et al., 2021).

In the current educational context, critical thinking skills are becoming increasingly important, especially
in science learning, where students are expected not only to memorize facts but also to analyze, evaluate, and
create solutions to complex problems. Critical thinking skills enable students to solve problems, innovate,
think creatively, and collaborate effectively (Rahayu et al., 2022). Critical thinking skills are essential to support
the completeness of learning, which in the 21st century is oriented toward developing a knowledge base and
problem-solving strategies (Ningsih et al., 2023). Critical thinking skills need to be developed in education for
four reasons. First, it enables learners to respect others as a form of moral education. Second, to prepare
students for growth, they must understand themselves through self-sufficiency and self-direction. Third, it is
the primary purpose of studying subjects such as math, science, literature, and history. Fourth, it is used to
confirm the accuracy of thinking, analysis, and good deliberation in life (Alsarayreh, 2021). Thus, problem-
solving-oriented learning is considered effective in providing students with basic understanding and solid
concepts.

Critical thinking skills encompass the process of reasoning to solve problems effectively and achieve the
desired target. Students who possess high critical thinking competence are generally able to conduct
comprehensive analyses, find practical solutions, and draw conclusions based on reflective facts (Sanjaya,
2019). Learning designs that incorporate critical thinking skills and the analysis of real-world problems can
enhance students' cognitive understanding of the material studied (Kusumawati et al., 2022). However,
survey results indicate that students' critical thinking skills in Indonesia remain relatively low, with 69% of
students scoring below 60 (Widyawati et al., 2024). Other data revealed that many students still struggle to
apply critical thinking skills in science learning. Only 30% of students demonstrated adequate critical thinking
skills, as assessed by standardized evaluations (Putri, 2024; Astuti et al.,, 2019). These findings suggest a
significant issue with students' mastery of critical thinking skills, necessitating further attention and
intervention. Therefore, it is essential to employ effective learning methods to train and enhance students'
critical thinking skills.

One instructional approach that has proven effective in optimizing students' critical thinking skills is
Problem-Based Learning (PBL). Problem-based learning has been shown to develop higher critical thinking
skills in students (Satwika et al., 2018; Putri et al., 2020). The PBL model serves as a means for students to hone
their critical thinking skills, as the indicators of critical thinking skills align with the stages of the PBL model
(Saputri, 2020). The attitude of curiosity and the capacity to think objectively, independently, critically, and
analytically can be accommodated by PBL both individually and in groups (Hussin et al., 2021; Basith & Amin,
2021). Similar findings from Syam et al. (2024) indicate that problem-based learning can improve critical
thinking skills in high categories. The PBL model is designed to develop students' abilities by solving problems
relevant to everyday life. However, not all teachers can design PBL-based learning scenarios, especially in the
context of heterogeneous classes (Arifah et al., 2021). Therefore, a careful planning strategy is necessary to
implement the Problem-Based Learning (PBL) model effectively, making it an optimal option for enhancing
students' critical thinking skills.
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Facts on the ground indicate that the primary challenge in science education is the scarcity of approaches
that encourage students to think critically and creatively. Traditional learning methods often focus on rote-
based teaching, which is insufficient to prepare students for real-world challenges (Yew & Goh, 2016;
Kusumatuty et al., 2018). In this context, PBL emerges as a promising alternative, where students are exposed
to real-world problems that require problem-solving and collaboration. According to Saputro (2022) and
Muslim (2023), Problem-Based Learning (PBL) has been shown to increase student engagement and
understanding (Saputro, 2022; Muslim, 2023). In addition, previous research also shows that PBL can improve
student learning outcomes; however, there is still a gap in understanding the specific influence of PBL on
critical thinking skills, particularly in science learning (Qomariyah, 2019; Gao et al., 2020).

The implementation of the Problem-Based Learning (PBL) model in learning ideally requires significant
effort. Therefore, it requires careful consideration of the advantages and disadvantages of its implementation
policy. While some studies have shown positive results, others have reported unsatisfactory results,
depending on factors such as curriculum design, teacher support, and student engagement (Dolmans et al.,
2015; Walker, 2023). Therefore, further research is needed to explore the factors that influence the effectiveness
of PBL in improving critical thinking skills, as well as to identify best practices in its implementation (Demirel
& Dagyar, 2016; Nasution & Jasmidi, 2023).

Previous studies have demonstrated that PBL is effective in enhancing problem-solving and critical-
thinking skills; however, its application is often limited to specific subjects or narrow populations (Desriyanti
& Lazulva, 2016; Gunawan, 2022). Research conducted by Eka Putra and Iswantir (2021) revealed that,
although the implementation of higher-order thinking Skills (HOTS) through Problem-Based Learning (PBL)
faces various challenges, this method effectively enhances students' critical thinking skills. Despite obstacles,
PBL successfully develops students' cognitive skills, motivation, and engagement due to its challenging and
problem-based nature.

Similarly, research by Nurhayati et al. (2021) demonstrated that PBL improves students' analytical and
creative abilities in physics learning. These findings align with prior studies that emphasize the effectiveness
of PBL in developing Higher-Order Thinking Skills (HOTS) across various subjects (Kurniawan et al., 2024).
Amelia (2019) found that STEM-based PBL significantly enhances students' problem-solving abilities in
mathematics, supporting the conclusion that PBL not only improves critical thinking skills but also problem-
solving capabilities.

Additionally, a meta-analysis study by Nastiti et al. (2021) estimated the effectiveness of PBL on critical
thinking skills. Based on 17 articles analyzed from 2009 to 2019, the effect size of PBL on critical thinking skills
was found to be 3.1, indicating a high effect. These findings are consistent with research by Simanjuntak et al.
(2020), which emphasized that while PBL can enhance critical thinking skills, its success largely depends on
teachers' ability to facilitate discussions and student collaboration. Therefore, further research is necessary to
explore the effectiveness of PBL in improving critical thinking skills, particularly through more comprehensive
and recent studies. According to Yunita et al. (2020), many studies fail to utilize meta-analysis methods,
making it challenging to draw general conclusions about the effectiveness of PBL. Consequently, conducting
meta-analyses on the effectiveness of PBL is highly recommended.

By conducting a meta-analysis, this study aims to address the existing gaps by collecting and analyzing
data from various previous studies. This approach is expected to provide a clearer understanding of the impact
of PBL on critical thinking skills in science education, as well as identify the factors that contribute to the
success or failure of PBL implementation (Alkharusi et al., 2013; Guo et al., 2020). The study will also consider
variations in study designs, populations, and contexts to offer more comprehensive recommendations for
educators and policymakers.

The primary objective of this research is to evaluate the effectiveness of the PBL model in enhancing
students' critical thinking skills in science education. Thus, this study is expected to contribute new insights to
the field of knowledge, particularly in science education, and provide practical benefits for teachers and
educational institutions in designing more effective curricula. Furthermore, the findings of this study are
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anticipated to serve as a foundation for developing more innovative and responsive teaching strategies
tailored to student's needs in this modern era.

METHODOLOGY

This study employs a meta-analysis with a descriptive quantitative approach. The type of meta-analysis
used is the group contrast method, which is applied to identify differences in science learning between the
PBL model and conventional learning in terms of improving students' critical thinking skills. In conducting
the meta-analysis, the researchers performed comparisons and collected data from various prior studies to
generate comprehensive conclusions. The articles were collected through online journal exploration using
search portals such as Scopus, ERIC, and DOA]J. The reviewed articles were published within the last seven
years (2017-2024) to ensure data relevance and accuracy. This research specifically focuses on the impact of
the Problem-Based Learning model on students' critical thinking skills. Therefore, article searches were
tailored to relevant keywords, such as "Problem-Based Learning," "Critical Thinking Skills," AND "Science."

Determining the criteria for relevant articles is paramount to facilitate the search and selection of articles
that are coherent with the topic discussion at a later stage.

Table 1. Eligibility Criteria

Criterion

Inclusion

Exclusion

Article type

Journal source

Period

Open access
Study focus
Research

Methods

Research Data

Educational
institution level

Journal articles

Sourced from Scopus, Eric, and DOA]

Published between 2017 and 2024

Journal can be accessed freely (open
access)

About the effectiveness of the pbl model
on students' critical thinking skills
Quasi-experimental design of
experimental and control classes
Numerical data that includes sample

size, mean value, and standard deviation

Elementary School, Junior High School,
and Senior High School/Vocational
School, Collage

Other than journal articles

Sourced from Other than Scopus, Eric and
DOA]J

Published before 2017

Journals are not freely accessible (nonopen
access)

Other than the effectiveness of the pbl model
on students' critical thinking skills

Other than quasi-experimental design of
experimental and control classes

Other than Numerical data that includes
sample size, mean value, and standard
deviation,

Other than Elementary School, Junior High
School, and Senior High School/Vocational
School, Collage

Journal articles were chosen because of their high credibility that had passed the review process so that
they were more reliable than other writings. The criteria for articles analyzed are based on publications in the
last seven years (2017-2024) to ensure that the literature is still in accordance with the latest developments,
especially the PBL model. Articles indexed in Scopus to ensure the quality and credibility of sources because
they are strictly curated. Freely accessible articles make it easy for readers to support the transparency of the
research process. Articles that addressed the research topic, sample data, and research methods were selected
to maintain conformity with the research objectives while articles that addressed the level of study were
selected for their level of relevance to the science topic. The article screening stage is carried out using the
PRISMA method, as presented in Figure 1 below
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1.159 articles identified with the
database:
= Scopus (n=815), Eric (n=112),
=X DOAJ(n=232)
? .| Articles (n=732) that were duplicated
a Y and did not include international
= Relevant articles (n=427)
after title and abstract screening
w
& ,
§ Articles (n=305) that are not relevant to the
2. 7| scope of science
o= "
Relevant articles (n=122)
after content review
[
Qa:-: _ | Articles (n=84) not relevant to
;—_-‘ " | (experimental and control groups)
Relevant articles (n=38) after method
use screening
=3 Article (n=20) did not present numerical data
g v ”| on study sample size
Z.
= Total relevant articles submitted
(n=18)

Figure 1. PRISMA Flowchart

Based on the flow chart presented, the first article was collected from various data sources, including
Scopus (815), Eric (112), and DOA]J (232). The total number of article references identified according to
keywords is 1,159 articles. Second, the removal of duplicate articles. Detected as many as 732 duplicate articles
were removed. Third, after removal, 427 relevant articles were identified based on their titles and abstracts.
The remaining articles were further examined to ensure their relevance to the criteria, allowing for the deletion
of any irrelevant ones. At this stage, 305 articles did not meet the criteria based on the research topic. The
remaining articles (122) were re-examined for relevance to the research methods. Fourth, a total of 84 articles
were relevant based on the research method (quasi-experimental design of experimental and control groups).
Fifth, 20 articles did not present numerical data, including sample size, mean value, and standard deviation.
Sixth, relevant articles were submitted. Ultimately, 18 articles were deemed relevant and met the overall
inclusion criteria. Of these 18 articles, some presented more than one research result, resulting in a total of 21
final results to be analyzed.

After the articles were collected based on relevant criteria, they underwent statistical analysis. The
analysis process began with reading according to the inclusion criteria. The data in the articles were coded
manually by indicating the sections that were relevant to the topic. Each relevant section was labeled
accordingly. It was then grouped into emerging categories. The analysis was conducted using meta-analysis
techniques, employing the random-effects statistical model to generalize to the population. One prerequisite
for using the random-effects model is a heterogeneity value of 12 > 25%. The data analysis was conducted
using SPSS software. The collected data had varying interval scales (e.g., 0-10 and 0-100). Therefore, the effect
size measure used was the standardized mean difference (Borenstein et al., 2009; Card, 2011; Retnawati et al.,
2018), standardized using Hedges'g. The SPSS analysis generated various outputs, including a forest plot that
provided information on value intervals and standard errors for each article, heterogeneity calculations, a
funnel plot to identify publication bias, and an overall conclusion. Thus, this study concludes that the PBL

model is effective in enhancing students' critical thinking skills.

FINDINGS

This study analyzed 21 studies derived from 18 primary data articles based on the inclusion criteria. The
analysis produced effect sizes and standard errors calculated from sample data, mean values, and standard
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deviations, as presented in Table 1. Subsequently, a heterogeneity test was conducted to determine the fit
between the model and the data. The results of the heterogeneity test are displayed in Figure 1.Within the text
of an article, references are to be cited by last name of the author(s) and year of publication. See Table 1:

Table 2. Summary of Research Data, Sample Size, and Standard Deviation

PBL model (experimental) Conventional (control)

Code Study ESg SEg
n M SsD n M SD
P1  Suhirman et al. (2020) 29 0.35 0.20 28 0.31 029 016 0.27
P2 Suhirman et al. (2021) 29 0.25 0.20 28 0.28 025 -0.13 0.27
P3  Suhirman et al. (2022) 28 0.42 0.18 28 0.31 029 045 0.27
P4  Suhirman et al. (2023) 28 0.41 0.19 28 0.28 025 058 0.27
P5  Anazifa & Djukri (2017) 34 59.77 16.05 33 59.45 17.07 002 024
P6  Mundilarto & Ismoyo (2017) 32 59.84 21.00 32 4672 1678 0.68 0.26
P7  Irawati & Sulisworo (2023) 32 86.25 8.33 25 78.00 736  1.03 0.28
P8  Kartika et al. (2022) 31 57.90 14.94 27 3519 1597 145 0.30
P9  Amin et al. (2020) 25 22.80 12.17 25 1420 1038 0.75 0.29
P10  Suryawan et al. (2020) 52 64.97 9.72 48 54.43 8.17 1.16 0.22
P11  Arifin et al. (2020) 97 55.87 16.41 102 5385 1611 0.18 0.14
P12  Dakabesi & Luoise (2019) 60 37.55 14.13 64 31.84 13.09 058 0.18
P13  Pahrudin et al. (2021) 25 70.00 4.41 25 76.20 565 -1.96 0.35
P14 Qondias et al. (2022) 88 0.60 0.19 77 0.36 019 145 018
P15 Yolanda (2019) 37 4216 13.72 37 3627 1190 070 0.24
P16  Saputro et al. (2020) 22 57.77 2.81 22 48.27 280 081 0.31
P17  Igbal & Omeodu (2023) 77 25.29 5.06 72 20.75 6.22 046 017
P18  Priyadi & Suyanto (2019) 25 78.16 7.12 24 59.33 964 256 0.39
P19 Cahyani et al. (2023) 30 83.61 7.05 30 80.83 6.40 043 0.26
P20 Darmawati & Mustadi (2023) 23 76.87 5.98 23 83.61 894 -1.57 0.34
P21  Rohmatin et al. (2022) 24 83.83 3.55 24 63.00 327 233 038

Note:

i) M: The mean of each research sample data,

ii) n: The number of samples from the research data,

iii) SD: The standard deviation of the research sample,

iv) ESg: Effect size as an index presented to summarize the results of the meta-analysis,
v) SEg: Standard error as the basis for determining the actual effect interval

This study employs a random-effects model approach. The random-effects model can be applied when
the assumption of heterogeneity is met. The level of heterogeneity is tested by analyzing the I? value, which
represents the ratio of heterogeneity to the proportion of variation in the summary effect. The I? value ranges
from 0% to 100%, indicating the degree of observed heterogeneity. The heterogeneity data presented in Figure
2 show a value of 93.9%. Thus, an I? value of 93.9% > 25% indicates significant heterogeneity, which is
attributed to differences in the actual effect size among studies. High heterogeneity indicates significant
variation in how the intervention was implemented or in study characteristics, which may affect the results
(Oztﬁrk et al., 2022; Yang et al., 2020). Therefore, the interpretation of the summary effect using the random-
effects model is appropriate and to the established criteria. In addition, the H-squared value of 16.389, which
is greater than 1, also indicates considerable heterogeneity among the studies. These results, which indicate
significant heterogeneity among the studies, corroborate previous findings of substantial variation in results.
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Table 3. Heterogeneity Analysis Results

Heterogeneity Measures

Tau-squared 0.905
H-squared 16.389
I-squared (%) 93.9

The impact of the PBL model on education is illustrated in the forest plot presented in Figure 3. This forest
plot displays data from 21 diverse studies analyzed using the random-effects model. The plot consists of blue
squares that provide information about the effect size or weight of each study, where the position of each
square indicates the location of the effect size for each study. The confidence interval for each study is
represented by the horizontal line across the square, with the left endpoint indicating the lower bound and
the right endpoint indicating the upper bound.

The forest plot shows a moderate and statistically significant effect size, with a summary effect value of
0.57. This indicates a 57% improvement in critical thinking skills among students who used the PBL model
compared to those in conventional learning. However, three studies (13.89%) reported negative effect sizes,
suggesting that the critical thinking skills of students in the experimental group were not superior to those in
the control group. Overall, the analysis results demonstrate that the PBL model in science education positively
impacts the enhancement of students' critical thinking skills.
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Figure 2. Forest Plot

Numerous studies have been conducted to evaluate the effectiveness of the PBL (Problem-Based
Learning) model in science education. Some studies, such as those by Suhirman et al. (2021) with code P2,
Pahrudin et al. (2021), and Darmawati & Mustadi (2023), reported negative effect sizes. These findings indicate
uncertainty regarding the superiority of the PBL model over conventional teaching methods in specific
scientific contexts. In the context of implementation, the application of the PBL model is still dominated by the
nature of group collaboration. Through collaboration, each group provides solutions from various sources
without combining them into a single project. This results in a less-than-optimal understanding, leaving
students' critical thinking skills still lacking (Pahrudin et al., 2021). The quality of the teacher has a significant
impact on how the PBL model is intended to be implemented. Teachers can mediate valid and relevant
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information. The difference in the adaptation process to new information will create an imbalance in students,
causing them to experience difficulties in developing critical thinking (Ultaminingsih et al., 202). Students will
share what they know based on what they get. Thus, teachers have a crucial role in validating their thinking.
However, other studies have reported significant results, including those by Kartika et al. (2022) in physics
education, Suhirman et al. (2023) with code P4 in biology education, Dakabesi and Louise (2019) in chemistry
education, and Amin et al. (2020) in general science education. These studies demonstrate the significant
effectiveness of the PBL model in improving students' critical thinking skills compared to conventional
teaching methods. Additionally, the confidence intervals at a 95% significance level bounding each effect size
indicate a summary effect range of 0.15 to 1.00. Since the summary effect value is greater than 0 (not including
zero), these results suggest a significant difference in critical thinking skills between students taught using the
PBL model and those who received conventional instruction.

The analysis of publication bias using a funnel plot is crucial to determine whether conclusions regarding
the differences between the PBL (Problem-Based Learning) model and conventional learning in enhancing
critical thinking skills are potentially biased. Publication bias may occur due to excessive intervention in the
actual effect size or the subjective nature of specific studies. In publication bias analysis, symmetry in the
funnel plot can be confirmed by observing the distribution of points within the plot. If there are no significant
gaps, particularly in the random-effects model, the symmetry pattern of the effect size can be validated. This
symmetry pattern is evident in the funnel plot presented in Figure 4. Further confirmation of publication bias
was analyzed using Egger's Regression Method. The Egger test results indicated a t-value of 0.358 and a p-
value of 0.724. The null hypothesis regarding funnel plot symmetry is accepted if the p-value is greater than
or equal to 0.05. Since p = 0.724 = 0.05, the null hypothesis is accepted, indicating no evidence of missing or
unpublished studies. Thus, this analysis suggests no evidence of publication bias in the meta-analysis data.
These findings indicate that, under ideal conditions, the PBL model has the potential to enhance students'
critical thinking skills in science education. However, the implementation of this model should be adapted to

align with ideal or normal conditions in practice.
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Figure 3. Funnel Plot
DISCUSSION

The integration of the Problem-Based Learning (PBL) model has been widely implemented in the learning
process. The impact of problem-based learning on critical thinking skills in science varies depending on the
learning needs. This variation is reflected in several studies, such as Kartika et al. (2019), who integrated PBL
with local content; Rohmatin et al. (2022), who developed a PBL-based e-module; and Rahmasari & Kuswanto
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(2023), who combined PBL with augmented reality technology in learning. According to Astuti (2019), the
proper implementation of PBL strategy approaches enables students to solve problems according to their
abilities and strategies. This approach encourages students to be more active in group collaboration as they
are directly involved in problem formulation and solution-seeking processes. The implementation of PBL
provides diverse solutions to real-world problems, which helps students become more confident and better
prepared to face challenges in a dynamic and complex world (Dakabesi & Louise, 2019). Therefore, the
implementation of problem-based learning, accompanied by careful and logical planning, will significantly
enhance the quality of education.

The quality of learning can be represented through the delivery of meaningful scientific content.
Meaningful learning offers students positive learning experiences (Arifah et al., 2021). In science education,
the PBL model serves as a practical approach to learning. This model can be supported with additional
information, such as problem illustrations relevant to local cultures (Kartika et al., 2022; Irawati & Sulisworo,
2023), making the learning process more engaging (Novi et al., 2019). The PBL model also facilitates student
learning by emphasizing creativity and collaboration among students. This approach encourages students to
engage in problem analysis and construct knowledge through direct interaction with the learning content
(Nurrohma & Adistana, 2021; Novi et al., 2019). Moreover, the PBL model simplifies science education by
accommodating scientific skills through the systematic application of PBL syntax (Saputri, 2020; Hartati et al.,
2022; Saputro et al., 2020). PBL motivates students to analyze, evaluate, and interpret information critically,
providing meaningful learning experiences by applying knowledge to real-life situations (Dianita & Tiarani,
2023). With the implementation of the PBL model, the learning process can become more effective and efficient
(Arifin et al., 2020; Rohmatin et al., 2022). Challenges encountered during the learning process can also be
addressed through this approach. Ideally, the PBL model has a positive impact on learning effectiveness,
particularly in enhancing critical thinking skills and mastery of scientific concepts.

The strength of implementing the PBL model in education lies in its ability to encourage students to
become more active, creative, and responsive in solving problems during the learning process (Zamzam, 2016;
Amin et al., 2020). Research has shown that the application of the PBL model in learning can significantly
enhance students' critical thinking skills, especially when the integrated problems are relevant to daily life or
based on local wisdom (Kartika et al., 2022). These findings are consistent with previous studies, as reported
by Dewi & Kuswanto (2022) and Rahmasari & Kuswanto (2022). According to Septiani et al. (2020) and Aufa
et al. (2021), integrating the PBL model with local wisdom not only enhances critical thinking skills but also
cultivates attitudes and psychomotor characteristics that support their development. Therefore, adapting PBL
model strategies is crucial to achieving a significant impact on students' critical thinking abilities.

Numerous studies have explored the potential of PBL in helping students understand concepts and build
knowledge independently. A study by Sidiq et al. (2021) found that implementing higher-order thinking Skills
(HOTS)-based questions in science learning significantly enhanced students' critical thinking skills. This
finding aligns with research by Kurniawan et al. (2024), which revealed that combining the PBL model with
the Demonstration, Literacy, and Experiment methods effectively improved high school students' higher-
order thinking skills in the context of Coulomb's law material. Additionally, research by Pertiwi (2022)
demonstrated that using PBL-based learning modules increased students' critical thinking skills, with a
Normalized Gain score of 0.37, categorized as moderate. These findings suggest that students engaged in
problem-based learning can effectively develop their critical thinking abilities. Kusumawardani (2024) further
supported this by showing that integrating PBL into a blended learning model significantly enhanced
students' critical thinking and problem-solving skills, with a significance value of 0.000, indicating a strong
relationship between the teaching method and the achieved outcomes. Moreover, Rafli et al. (2018) concluded
that the PBL model is more effective than conventional teaching methods in developing students'
mathematical communication skills. Gencer and Dogan (2020) noted that integrating the STEM approach into
PBL enhances students' critical thinking skills but also emphasized the need for further research to gain a
deeper understanding of classroom dynamics and instructional effectiveness.
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The strengths of these studies lie in the use of robust research designs and in-depth analyses, enabling
researchers to draw valid conclusions about the effectiveness of PBL (Problem-Based Learning). For example,
Abdullah (2024) found a significant relationship between the PBL model and students' critical thinking skills
in the context of disaster mitigation, demonstrating the relevance of PBL in real-world learning contexts.
However, some limitations must be addressed, such as the restricted generalizability of the findings. Many
studies were conducted in limited contexts, making it challenging to apply their results broadly. Yohannes et
al. (2021) noted that while improvements in critical thinking skills were observed, variations in sample size
and research contexts could influence the outcomes. Therefore, further research with diverse designs is
necessary to strengthen these findings. Additionally, Suwandi et al. (2021) emphasized the importance of
approaches that account for different types of student intelligence when implementing Problem-Based
Learning (PBL). These findings suggest that PBL is not only effective in enhancing critical thinking skills but
also flexible enough to adapt to the diverse needs and characteristics of students.

Teachers' creativity in designing PBL (Problem-Based Learning) models is crucial in supporting students
in developing independent learning skills. Significantly, students gain holistic learning experiences, which
ultimately have the potential to create better learning outcomes. While previous studies have yielded positive
results, they also emphasize that the success of PBL heavily depends on the implementation context, proper
execution, and adequate technological support. This underscores the importance of carefully planned
strategies in implementing PBL to achieve the desired outcomes optimally. With thorough planning, teachers
can create a conducive learning environment, promote active student engagement, and ensure the successful
implementation of the PBL model.

The implementation of PBL is not only limited to improving the quality of pedagogy but also to changing
the essence of the learning experience. The role of PBL extends beyond conventional teaching methods, as it
offers personalized learning experiences and accommodates diverse learning needs. The development of
critical thinking through the Problem-Based Learning model enables students to engage in active discussions
and ask questions that focus on a specific problem, allowing them to build their understanding proactively
(Alsarayreh, 2021).

Ultimately, the PBL learning structure presents itself as a purposeful model for modernizing education
and deserves to be applied more widely in various learning environments. Aligned with future research
directions that also integrate with models proven to be pedagogically useful and policy-relevant, critical
thinking skills are potentially central and manageable for 21st-century skills and the future of education and
work —a foundation on which stakeholders with diverse visions for the future of education can now build.

CONCLUSION

The distribution of articles on the PBL model of learning and critical thinking skills showed a positive
trend. The results of the analysis revealed a significant difference in the critical thinking skills of students who
followed Problem-Based Learning (PBL) versus those who followed conventional learning (non-PBL). The
group of students who learned using the PBL model showed better critical thinking skills compared to the
group using the conventional learning model. Key factors for the effectiveness of PBL teaching in developing
critical thinking skills include teacher competence, supportive facilities, and effective learning methods. The
effectiveness of PBL depends not only on the method but also on students' education level, such as cognitive
readiness and learning style. With good planning, teachers can create a conducive learning environment and
support active student engagement. Teachers should also understand classroom dynamics and instructional
effectiveness more deeply.

Teachers should also consider two aspects for developing PBL models in science: the allocation of science
learning time and the establishment of a learning environment that prioritizes science problems. Learning
materials should emphasize locally relevant environmental issues to improve students' critical thinking
skills. Therefore, the researcher suggests further specific research, such as exploring how teacher training,
curriculum, and infrastructure support can increase the effectiveness of PBL in different contexts, as well as
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ensuring that all students can benefit maximally from this approach to ensure the successful implementation
of PBL.
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