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Abstract: Critical thinking is an essential skill in the modern information era, enabling individuals to analyze
complex information, evaluate arguments, and make informed decisions. In educational contexts,
particularly in geography, fostering critical thinking equips students to address real-world environmental and
social challenges. Problem-Based Learning (PBL) has emerged as a transformative teaching approach to
develop these cognitive abilities through active, problem-centered learning. This meta-analysis aimed to
evaluate the effectiveness of PBL in enhancing students' critical thinking across various educational levels.
Using OpenMEE software and a continuous random-effects model, the study synthesized findings from 20
peer-reviewed studies published between 2020 and 2024. Statistical analyses focused on the standardized
mean difference (SMD) as the primary metric to measure effect sizes. The results demonstrated that PBL
significantly enhances critical thinking skills, with an overall SMD of 1.254 (95% Cl: 0.875 to 1.633, p <
0.001). However, notable heterogeneity was observed, attributed to variations in educational levels,
implementation fidelity, and study contexts. Subgroup analyses revealed that junior high school students
experienced the greatest improvement, followed by university, senior high school, and elementary school
students. These findings affirm PBL’s potential as an effective pedagogical strategy for fostering critical
thinking. The study highlights the need for tailored PBL implementations and further research into its long-
term effects and applicability across diverse educational contexts. The results provide robust evidence
supporting PBL as a vital tool in modern education.
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INTRODUCTION

Critical thinking is a fundamental skill in education, enabling students to process information,
evaluate arguments, and form sound conclusions. lts significance spans across various disciplines,
where students are required not only to acquire knowledge but also to apply it effectively in
problem-solving contexts. Problem-Based Learning (PBL) has emerged as a teaching approach that
enhances critical thinking by immersing learners in real-world problems, promoting active
engagement and analytical reasoning (Thorndahl & Stentoft, 2020).

PBL emphasizes inquiry-driven and collaborative learning, allowing students to engage
deeply with the material and develop critical thinking skills. In mathematics education, research
indicates that students exposed to PBL demonstrated significant improvements in their ability to
address complex problems compared to those taught with traditional methods (Widyatiningtyas
et al., 2015). Similarly, a meta-analysis in science education showed that PBL had a substantial
positive effect on critical thinking, with physics, chemistry, and biology students achieving enhanced
analytical and reasoning capabilities (Miterianifa et al., 2019).
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In the healthcare field, PBL has been widely applied to prepare students for the complexities
of clinical practice. A review of nursing programs found that PBL significantly enhanced critical
thinking, enabling students to approach healthcare challenges methodically and collaboratively
(Kong et al., 2014). Another study in Korea reported that nursing students engaged in PBL exhibited
growth not only in critical thinking but also in problem-solving and self-directed learning abilities,
which are crucial for professional development (Choi et al., 2014).

The application of PBL in secondary education also demonstrates its potential to foster
critical thinking. In biology education, high school students showed improved problem-solving
abilities after participating in PBL sessions focused on analyzing complex biological concepts
(Harahap et al., 2023). A similar study in economics education found that students developed
advanced analytical skills by exploring topics like national income and unemployment, facilitated
by PBL activities (Narmaditya et al., 2018).

The adaptability of PBL across diverse disciplines highlights its strength as an educational
approach. In visual arts education, students benefited from the creative aspects of PBL, with
noticeable improvements in their ability to think critically and generate innovative solutions (Ulger,
2018). Additionally, business education has incorporated guided PBL models, where students solve
problems before receiving theoretical explanations. This method has been shown to improve both
individual and group performance in critical thinking tasks (Nargundkar et al., 2014).

Frameworks like Bloom’s Taxonomy and SOLO taxonomy offer valuable structures for PBL,
guiding educators in fostering critical thinking through targeted cognitive processes. These models
prioritize skills such as evaluation and synthesis, which are crucial for developing higher-order
thinking. Studies implementing these frameworks in economics and biology classrooms reported
enhanced student engagement and more robust critical thinking outcomes (Arifin, 2021).

Implementing PBL is not without challenges, and educators often encounter obstacles
related to time management, resource allocation, and the need for professional training. For
instance, a study in English language education highlighted barriers such as teacher preparedness
and student readiness, which can hinder the success of PBL sessions (Emiliasari et al., 2019).
Addressing these challenges requires institutional support and investment in training programs to
equip educators with the skills necessary to facilitate effective PBL.

The benefits of PBL are further supported by its ability to foster transferable skills. In
vocational training, students engaged in PBL demonstrated improvements in both technical
competencies and cognitive abilities, reflecting the approach's dual focus on academic and practical
learning outcomes (Sholihah & Lastariwati, 2020). This dual focus makes PBL particularly valuable
in preparing students for real-world challenges across industries and professions.

Educational institutions play a pivotal role in ensuring the effective implementation of PBL.
By providing necessary resources, fostering collaboration among educators, and prioritizing
professional development, schools and universities can maximize the potential of this approach.
Research underscores that when PBL is integrated thoughtfully into curricula, it equips students with
critical thinking and problem-solving skills that are essential for their academic and professional
success (Kek & Huijser, 2011).

The growing body of evidence supports the idea that PBL is a transformative educational
strategy. By engaging students actively in their learning journey, PBL not only enhances their
understanding of subject matter but also prepares them to think critically and address complex
issues in real-world settings. While challenges in implementation persist, addressing these through
systemic changes can further amplify the impact of PBL, making it an invaluable tool in modern
education.

METHOD

This research applies a meta-analysis approach, a statistical technique that integrates findings
from multiple studies to derive quantitative conclusions. Meta-analysis provides a systematic,
objective method for synthesizing data to address specific research questions or test hypotheses
(Hedges & Vevea, 1998). This study employs the continuous random-effects model, which accounts
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for variations across studies by assuming a distribution of true effects rather than a fixed outcome.
This model is particularly effective for aggregating diverse research findings, ensuring robust and
generalized results (Fleiss, 1993).

The primary metric used in this meta-analysis is the Standardized Mean Difference (SMD).
SMD allows for the comparison of effect sizes across studies with different measurement scales,
facilitating direct and meaningful comparisons (Bakbergenuly et al., 2019). This metric is particularly
advantageous as it standardizes the results, making them comparable irrespective of the original
units of measurement (Boedeker & Henson, 2020).

The data collection process began by identifying relevant articles from high-quality, peer-
reviewed journal databases. Inclusion and exclusion criteria were rigorously applied to ensure the
relevance and methodological rigor of the selected studies. The criteria focused on parameters such
as the study's alignment with the research objective, methodological quality, and the availability of
quantitative results necessary for meta-analytic computation (Lin & Aloe, 2021).

Once selected, the articles underwent a qualification process to evaluate their suitability for
inclusion. This step included assessing study designs, sample sizes, and reported outcomes to ensure
consistent and valid comparisons (Rubio-Aparicio et al., 2018). The heterogeneity of the studies,
or the variance between study results, was measured using Cochran's Q statistic and tau-squared
(t?), which indicate the degree of variability attributable to differences across studies rather than
sampling error (Marin-Martinez & Sadnchez-Meca, 2010).

For data synthesis, the study utilized OpenMEE (Meta-Win 2.0) software, a specialized tool
designed for advanced meta-analytic computations. This software was employed to calculate effect
sizes, perform heterogeneity analysis, and generate confidence intervals. The inclusion of OpenMEE
ensured precise statistical handling and enhanced the validity of the results (Biggerstaff & Tweedie,
1997).

The methodology also accounted for the estimation of sampling variance, a critical aspect
in calculating weighted effect sizes. Methods such as the DerSimonian-Laird and restricted maximum
likelihood (REML) estimators were applied to ensure accurate variance estimation (Bonett, 2009).
These techniques allowed for robust inferences, even when sample sizes varied significantly across
studies.

By synthesizing data from multiple studies, this meta-analysis aims to produce a
comprehensive understanding of the research question, providing reliable conclusions that can
inform future research and practice. The rigorous application of statistical models and software
tools ensures the reliability and generalizability of the findings, addressing both the methodological
challenges and the goals of the study.

RESULTS
Overview of Analyzed Studies

This meta-analysis examined 20 studies published between 2020 and 2024, each focusing
on the impact of Problem-Based Learning (PBL) on students' critical thinking abilities. The studies
covered diverse educational levels, including elementary school, junior high school, senior high
school, and university. All the included studies were peer-reviewed and employed the standardized
mean difference (SMD) as the primary metric to assess effect sizes, enabling consistent comparisons
across studies with varying measurement scales. This approach ensured a rigorous and reliable
analysis of PBL’s effectiveness in fostering critical thinking (Table 1).

The participant groups represented a wide range of educational contexts, reflecting the
adaptability of PBL across different age groups and learning stages. At the elementary school level,
eight studies focused on applying PBL to younger learners, emphasizing foundational critical
thinking skills necessary for early cognitive development. The effect sizes for these studies ranged
from -0.498 to 2.747, indicating variability in outcomes, potentially due to differences in
implementation and classroom settings. For junior high school students, three studies highlighted
PBL's role in enhancing middle-grade students' critical thinking. These studies reported effect sizes
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ranging from 1.374 to 4.229, showcasing a robust improvement in critical thinking at this
transitional educational stage.

Table 1. Characteristics of Studies Analyzing the Impact of Problem-Based Learning on Ceritical
Thinking Across Educational Levels

Public
Participant ) Nc Xc SDc Ne Xe SDe d (Effect
Authors (year) (Category) :t;:: SCMeaslie (Count) (Mean) (sp) (Count) (Mean) (sp) Size) Var(d)
(Mauludiyah et al., 2021) Senior Article Standardized 32 69.84 6 26 74.77 7 0.752 0.075
(Fauziah et al., 2024) Senior Article Standardized 36 60.56 13 36 73.47 13 0.982 0.062
(Hasanah et al., 2023) Senior Article Standardized 33 71.36 131 33 83.87 9.64 1.069 0.071
(Silviariza et al., 2021) University Article Standardized 38 63.21 9 40 73.95 7 1.323 0.063
(Rahmawati & Airlanda, 2023) Elementary Article Standardized 26 35.61 15 26 39.1 17 0.214 0.077
(Susanto & Airlanda, 2023) Elementary Article Standardized 28 91.07 6 28 87.5 8 -0.498 0.074
(Puspitawati & Mawardi, 2022) Elementary Article Standardized 26 83.08 9 23 88.04 7 0.601 0.086
(Tabbu et al., 2023) University Article Standardized 33 78.63 5 32 86.5 4 1.714 0.084
(Mustofa et al., 2021) Junior Article Standardized 16 55.5 10 19 72 13 1.374 0.142
(Fadhilah et al., 2022) University Article Standardized 15 69.2 9.17 15 85.67 8.46 1.816 0.188
(Nursidik, 2021) Junior Article Standardized 30 74.83 4 30 84.33 5 2.071 0.102
(Lestari et al., 2021) Elementary Article Standardized 24 10.42 2.04 22 16.68 2.44 2.747 0.169
(Mariskhantari et al., 2022) Elementary Article Standardized 40 70.38 12 41 78.54 11 0.703 0.052
(Sitompul, 2021) Junior Article Standardized 22 67.91 5] 22 87.41 4 4.229 0.294
(Hartono et al., 2023) Senior Article Standardized 26 3 12 34 40.49 15 2.719 0.129
(Binasdevi, 2022) Elementary Article Standardized 19 73 6 20 78 8 0.69 0.109
(Kusumawardani et al., 2022) Senior Article Standardized 32 48.28 16 32 57.19 18 0.517 0.065
(Rauf et al., 2022) Elementary Article Standardized 20 56.2 13.98 20 82.6 13.63 1.874 0.144
(Yampap & Hasyda, 2023) Elementary Article Standardized 32 77.5 10 32 85.63 11 0.764 0.067
(Melindawati et al., 2021) University Article Standardized 20 65 19.9 20 74.5 14.4 0.536 0.104

Senior high school students were the focus of five studies, which consistently demonstrated
improvements in critical thinking through PBL. The effect sizes in this group ranged from 0.517 to
2.719, indicating positive outcomes across various implementations. Meanwhile, four studies at the
university level explored PBL's impact on advanced critical thinking development among tertiary
education students. These studies reported effect sizes between 0.536 and 1.816, reflecting the
effectiveness of PBL in cultivating higher-order thinking skills required for complex problem-solving
in academic and professional contexts.

The sample sizes varied across the studies, with control group sizes (Nc) ranging from 15 to
40 participants and experimental group sizes (Ne) ranging from 15 to 41 participants. The means
(Xc and Xe) and standard deviations (SDc and SDe) also varied widely between control and
experimental groups, reflecting the diverse characteristics of the studies included. The calculated
effect sizes (d) provided a quantitative measure of PBL’s impact, with positive values indicating a
significant improvement in critical thinking skills among students exposed to PBL interventions.
These findings further emphasize the role of PBL in bridging the gap between traditional teaching
methods and the development of critical thinking (Table 1).

The comprehensive dataset analyzed in this study underscores the adaptability and
effectiveness of PBL across different educational levels. From early cognitive development in
elementary school to the advanced analytical needs of university students, the findings highlight
PBL's broad applicability in fostering critical thinking. This meta-analysis provides robust evidence
supporting the integration of PBL into curricula across educational stages, paving the way for
improved teaching strategies and learning outcomes.

Table 2. Subgroup Analysis of Standardized Mean Difference (SMD) Across Educational Levels

Subgroup E(s;c}:/lngi)%e Lo(\ggg /Ecél:)nd U;zgcseg /EZT)nd Std. Error  p-Value
Elementary School 0.847 0.263 1.432 0.298 0.005
Junior High School 2.501 1.099 3.904 0.716 < 0.001
Senior High School 1.175 0.543 1.806 0.322 < 0.001
University 1.327 0.789 1.865 0.274 < 0.001
Overall 1.254 0.875 1.633 0.193 < 0.001

The subgroup analysis provided detailed insights into the effectiveness of Problem-Based
Learning (PBL) on enhancing critical thinking across various educational levels. The overall
standardized mean difference (SMD) was 1.254 (95% Cl: 0.875 to 1.633) with a standard error of
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0.193, indicating a statistically significant improvement in critical thinking (p < 0.001). These
findings highlight the broad applicability of PBL in fostering critical thinking across diverse
educational contexts (Table 2).

For senior high school students (SMA), the effect size was 1.175 (95% Cl: 0.543 to 1.806)
with a standard error of 0.322, demonstrating a significant positive impact of PBL (p < 0.001). At
the university level (PT), students exhibited an SMD of 1.327 (95% Cl: 0.789 to 1.865) with a
standard error of 0.274, indicating that PBL effectively supports the development of advanced
critical thinking skills (p < 0.001). Elementary school students (SD) showed a smaller but significant
improvement, with an SMD of 0.847 (95% Cl: 0.263 to 1.432) and a standard error of 0.298 (p
= 0.005), highlighting the potential of PBL in building foundational critical thinking skills among
younger learners.

Junior high school students (SMP) experienced the largest effect size, with an SMD of 2.501
(95% Cl: 1.099 to 3.904) and a standard error of 0.716 (p < 0.001). This finding underscores the
substantial impact of PBL on critical thinking during this transitional educational phase.

The overall analysis indicates that while PBL significantly enhances critical thinking across
all levels, its effects vary depending on the educational stage. Junior high school students showed
the greatest benefit, suggesting that contextual factors such as age and curriculum design may
influence the outcomes of PBL implementation.

Main Findings

The meta-analysis demonstrated a substantial positive effect of Problem-Based Learning
(PBL) on students' critical thinking skills across various educational levels. The overall standardized
mean difference (SMD) was 1.254, with a 95% confidence interval (Cl) of 0.875 to 1.633,
indicating a significant improvement in critical thinking outcomes (p < 0.001) (Table 3). These
results provide strong evidence supporting PBL as an effective teaching strategy for cultivating
critical thinking skills in diverse educational contexts.

Table 3. Overall Effect Size (Standardized Mean Difference)
Estimate Lower Bound (95% Cl) Upper Bound (95% Cl) Std. Error P-Value
1.254 0.875 1.633 0.193 <0.001

This significant overall effect highlights the versatility of PBL as an instructional approach.
By emphasizing active, problem-centered learning, PBL promotes higher-order cognitive processes
that contribute to the development of critical thinking. The consistent positive outcomes observed
across studies confirm the broad applicability of PBL, regardless of the participants' educational
level or the subject matter. This makes it a valuable teaching method for educational systems
seeking to foster critical thinking in preparation for the challenges of the 21st century.

The subgroup analysis (referenced in Table 2) further illustrates the variability in effect sizes
across educational stages, suggesting that PBL impacts different age groups and learning contexts to
varying degrees. For instance, junior high school students demonstrated the largest gains in critical
thinking (SMD = 2.501, 95% Cl: 1.099 to 3.904), reflecting the developmental readiness of this
group to engage deeply with the problem-solving and collaborative elements of PBL. By contrast,
elementary school students showed smaller but still meaningful gains (SMD = 0.847, 95% Cl:
0.263 to 1.432), which can be attributed to the foundational stage of cognitive development and
their limited prior exposure to structured critical thinking activities.

University students also exhibited significant improvements in critical thinking, with an SMD
of 1.327 (95% Cl: 0.789 to 1.865). This finding underscores the importance of PBL in higher
education, where students are expected to engage with complex, discipline-specific problems that
require advanced analytical and evaluative skills. Meanwhile, senior high school students showed
an effect size of 1.175 (95% Cl: 0.543 to 1.806), reinforcing the efficacy of PBL during this
transitional educational phase as students prepare for tertiary-level challenges.

The variability in effect sizes across subgroups emphasizes the importance of tailoring PBL
implementation to meet the unique needs of different educational levels. For younger students,
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incorporating scaffolding techniques and simplifying problems can enhance engagement and skill
development, while older students may benefit from more complex, interdisciplinary problem-
solving tasks. Despite these differences, the overall findings consistently highlight PBL's capacity to
foster critical thinking across educational settings.

In addition to the quantitative results, the meta-analysis findings emphasize the potential of
PBL to bridge the gap between traditional teaching methods and the critical thinking demands of
modern education. Traditional lecture-based approaches often emphasize rote memorization and
lower-order cognitive skills, whereas PBL actively engages students in processes that stimulate
analysis, synthesis, and evaluation. These higher-order cognitive skills are essential for addressing
real-world challenges, making PBL a critical tool for equipping students with the competencies
necessary for lifelong learning and professional success.

Overall, the results of this meta-analysis affirm the effectiveness of PBL as a pedagogical
approach, with significant benefits across educational levels. This evidence provides a strong
foundation for educators and policymakers to advocate for broader implementation of PBL as a
means to enhance critical thinking skills in diverse learning environments.

Heterogeneity and Subgroup Analysis

The meta-analysis revealed significant heterogeneity among the included studies, indicating
considerable variability in the reported effect sizes. The tau-squared (t2) value was 0.644, and the
Q statistic was 154.934 (df = 19), with an associated heterogeneity p-value of < 0.001. Additionally,
the 12 value was 87.737%, signifying that a substantial proportion of the observed variance across
studies was attributable to differences in study characteristics rather than random sampling error
(Table 4). These findings highlight the necessity of examining potential sources of heterogeneity to
better understand the factors influencing the impact of Problem-Based Learning (PBL) on critical
thinking.

Table 4. Heterogeneity Statistics
T2 Q (df = 19) Heterogeneity P-Value 12 (%)
0.644 154.934 <0.001 87.737

To explore this variability, a subgroup analysis was conducted based on the educational
level of participants, providing insights into the differential impact of PBL across various contexts.
The results indicated that junior high school students (SMP) exhibited the largest effect size, with a
standardized mean difference (SMD) of 2.501 (95% Cl: 1.099-3.904) and a p-value of < 0.001.
This finding suggests that PBL is particularly effective for fostering critical thinking in this age group,
possibly due to their developmental readiness to engage in structured problem-solving and
collaborative learning.

University students (PT) also demonstrated a strong positive effect, with an SMD of 1.327
(95% Cl: 0.789-1.865) and a p-value of < 0.001. This result highlights the suitability of PBL in
higher education, where students are expected to tackle complex, discipline-specific problems that
require advanced critical thinking and analytical skills. High school students (SMA) showed an SMD
of 1.175 (95% Cl: 0.543-1.806, p < 0.001), indicating that PBL effectively supports the
development of critical thinking during this critical transitional phase as students prepare for higher
academic challenges.

In contrast, elementary school students (SD) demonstrated the smallest effect size, with an
SMD of 0.847 (95% Cl: 0.263-1.432) and a p-value of 0.005. Although the effect was smaller
compared to older students, it still signifies that PBL can positively influence foundational critical
thinking skills among younger learners. This difference may stem from the limited prior exposure
of elementary students to structured analytical tasks, as well as their developing cognitive abilities.
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Figure 1. Forest Plot of Standardized Mean Differences (SMD) Across Educational Levels,
Highlighting Effect Sizes and 95% Confidence Intervals for Each Study.

The forest plot (Figure 1) visually represents the effect sizes and confidence intervals for
each study, grouped by educational level. The plot clearly illustrates the variability in effect sizes
across subgroups, highlighting the differential impact of PBL. Factors such as curriculum structure,
fidelity in the implementation of PBL, and the age of participants likely contributed to these
variations. For instance, junior high school students may benefit from PBL's balance of structure
and independence, while elementary students may require additional scaffolding to fully engage
with problem-solving activities.

The findings confirm that PBL is an effective strategy for enhancing critical thinking across
all educational levels. However, the magnitude of its impact varies, with particularly strong effects
observed in junior high school and university settings. These results underscore the importance of
tailoring PBL implementations to the developmental and contextual needs of different age groups.
Future research should delve into the specific factors contributing to these variations, such as
differences in teacher training, classroom resources, and cultural attitudes toward collaborative
learning. Understanding these factors will help optimize the design and delivery of PBL to maximize
its benefits for diverse student populations.

DISCUSSION
Interpretation of Findings

The findings of this meta-analysis strongly affirm the effectiveness of Problem-Based
Learning (PBL) in enhancing critical thinking skills across all educational levels. PBL provides students
with real-world problems that serve as a platform for developing analytical, reasoning, and
evaluative abilities. Its iterative approach—problem identification, data collection, analysis, and
solution development—pushes students to engage in deeper learning while fostering critical
cognitive skills. The five core phases of PBL—orienting problems, organizing research, assisting
group investigations, developing solutions, and evaluating outcomes—create a structured yet
flexible framework that facilitates skill development (Arifin, 2021).

The success of PBL in geography education is particularly notable, as the subject inherently
requires students to analyze complex spatial, environmental, and socio-political phenomena.
Studies have shown that geography education utilizing PBL models—such as Spatial Problem-Based
Learning (SPBL)—enhances students' critical thinking by training them to orient, analyze, and solve
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problems with a spatial perspective. This allows students to better understand global challenges,
such as urbanization and climate change, and equips them with the skills necessary to propose
solutions (Silviariza et al., 2021).

The scaffolding provided in PBL further amplifies its impact. Instructors play a crucial role
by guiding students through stages of inquiry, reflection, and collaborative problem-solving. This
structured yet student-centered approach ensures active participation, helping students develop
core elements of critical thinking, such as analyzing arguments, synthesizing data, and evaluating
evidence (Hussin et al., 2018). Furthermore, studies in primary education settings have revealed
significant improvements in geography skills and learning outcomes through PBL, highlighting its
applicability across diverse educational levels (Sonrum & Worapun, 2023).

PBL’s effectiveness extends beyond geography, as demonstrated by its positive impact
across multiple disciplines. In science education, for instance, PBL enhances critical thinking by
encouraging students to evaluate scientific evidence and design experiments. Similarly, in
mathematics, PBL has been shown to improve critical thinking through activities such as analyzing
controversial issues and engaging in debates (Aini et al., 2019). This cross-disciplinary relevance
underscores the universal applicability of PBL as a pedagogical tool.

Moreover, PBL fosters long-term cognitive and personal growth. By involving students in
problem-solving scenarios that mimic real-world challenges, PBL cultivates higher-order thinking
skills essential for professional success. Students exposed to PBL have reported greater confidence
in their ability to synthesize information, evaluate solutions, and collaborate effectively, making it
an invaluable strategy for developing critical thinking in the 21st century.

These findings collectively highlight the transformative potential of PBL in modern
education. lts ability to align teaching methods with real-world demands makes it a powerful tool
for fostering critical thinking skills across diverse contexts and disciplines. As educational systems
continue to emphasize student-centered learning, PBL is poised to play an increasingly vital role in
shaping critical thinkers equipped to navigate complex global challenges.

Comparison with Previous Research

The findings of this meta-analysis align closely with research across various disciplines,
further validating the efficacy of Problem-Based Learning (PBL) in enhancing critical thinking skills.
Studies in mathematics education have highlighted significant improvements in students' ability to
evaluate arguments, synthesize evidence, and solve problems through PBL. For instance, structured
debates and the exploration of controversial issues in mathematics classrooms have been shown to
improve critical thinking capabilities, underscoring PBL’s adaptability to numerically-driven
disciplines (Aini et al., 2019).

Similarly, in science education, PBL has demonstrated a transformative impact on critical
thinking. By integrating inquiry-based problem-solving activities, students were able to engage
more deeply with scientific concepts, leading to an improved ability to evaluate hypotheses and
apply analytical reasoning to real-world scenarios (Sholihah & Lastariwati, 2020). This alignment
across science and mathematics emphasizes the interdisciplinary potential of PBL to foster higher-
order cognitive skills.

Beyond traditional classrooms, the impact of PBL extends to online and blended learning
environments. Studies have shown that integrating PBL into online platforms enhances
collaborative problem-solving and interactive learning. For instance, an investigation into online
PBL courses revealed significant improvements in students’ critical thinking scores compared to
traditional instructor-led methods. This outcome reflects PBL’s effectiveness in fostering
engagement and critical evaluation skills, even in virtual learning contexts ($endag & Odabasi,
2009).

The findings also resonate with research in the humanities and social sciences, where PBL
has been employed to address multifaceted societal challenges. In civic education, for example, PBL
encourages students to critically analyze social and political phenomena, promoting skills such as
ethical reasoning and evidence-based decision-making (Razak et al., 2022). These results reinforce

Journal of Digital Learning and Education 174



Hafizah et al. (2024) AL
JDJE

L=
the versatility of PBL as a pedagogical tool, capable of addressing complex problems across varied
contexts.

Moreover, the findings from this meta-analysis are consistent with broader educational
research that highlights the role of PBL in fostering 21st-century competencies. By emphasizing
collaboration, problem-solving, and self-directed learning, PBL prepares students to navigate the
demands of modern academic and professional environments (Soyadi & Birgili, 2015). The iterative
and reflective cycles inherent in PBL not only improve critical thinking but also nurture
metacognitive awareness, further contributing to its pedagogical value (Gholami et al., 2016).

These parallels suggest that PBL is not confined to any single discipline or educational format
but is instead a robust, adaptable approach that transcends traditional boundaries. The consistent
evidence of its effectiveness across domains affirms its role as a cornerstone of modern pedagogy,
making it an indispensable strategy for cultivating critical thinking in diverse learning environments.

Implications for Practice

The results of this meta-analysis underscore the transformative potential of Problem-Based
Learning (PBL) in geography education. By situating learning in real-world contexts, PBL challenges
students to analyze geographic problems such as urban planning, climate change, and resource
management. This approach fosters critical thinking while enhancing students' ability to propose
evidence-based solutions. For instance, studies have demonstrated the effectiveness of using PBL to
teach geographic information systems (GIS), where students analyze spatial problems and develop
actionable plans, such as new school district proposals (Drennon, 2005).

Implementing PBL in geography curricula requires a structured framework to ensure success.
Teachers must be equipped to design meaningful, real-world problems and facilitate discussions
that promote inquiry without dominating the learning process. This dual role of facilitator and
mentor requires comprehensive professional development. Training programs focused on PBL have
been shown to significantly improve teachers' understanding and implementation of the method,
particularly when it comes to integrating interdisciplinary content (Morgado & Leite, 2013).

Adequate classroom resources, such as access to spatial data and analytical tools, are also
crucial. In the absence of these resources, students' ability to engage in meaningful problem-solving
may be compromised. A case study involving secondary geography students highlighted the
benefits of using data-rich environments for PBL exercises, which not only improved their
understanding of geographic concepts but also enhanced their skills in data analysis and
interpretation (Tulloch & Graff, 2008).

However, challenges such as limited time, large class sizes, and the traditional assessment
systems can hinder the implementation of PBL. Studies in geography education have identified
these barriers and recommended solutions such as restructuring curricula to prioritize active learning
and providing institutional support for PBL initiatives. For example, reducing class sizes or
incorporating collaborative technologies can enhance the feasibility of PBL in diverse educational
settings (Bentil, 2018).

Incorporating PBL in geography education also opens up opportunities to engage students
in fieldwork activities, which are an essential part of the discipline. PBL-based fieldwork allows
students to connect theoretical knowledge with practical applications, such as investigating river
systems or urban landscapes. These experiences not only deepen students' understanding of
environmental complexities but also promote ecologically literate citizenship (Raath & Golightly,
2017).

Furthermore, fostering a collaborative inquiry-oriented classroom atmosphere is key to
maximizing the benefits of PBL. Research has shown that collaborative group work enhances critical
thinking and problem-solving skills. This finding is particularly relevant for geography, where
teamwork is often essential for tackling large-scale spatial issues (Yeung, 2010).

While the implementation of PBL presents certain challenges, the long-term benefits for
students' cognitive and problem-solving skills are substantial. To optimize its impact, geography
educators should focus on designing engaging, real-world problems, equipping teachers with the
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necessary skills and resources, and addressing systemic barriers within educational institutions. These

steps will help ensure that PBL continues to be a vital strategy for developing critical thinkers
capable of addressing the complex challenges of the modern world.

CONCLUSION
Summary of Key Findings

This meta-analysis reaffirms the effectiveness of Problem-Based Learning (PBL) as a powerful
pedagogical tool for fostering critical thinking skills across educational levels. The statistical analyses
conducted in this study revealed a significant positive impact of PBL, with an overall standardized
mean difference (SMD) of 1.254 and a p-value of <0.001, demonstrating its robust influence on
students' critical thinking abilities. Subgroup analyses further highlighted variations in effect sizes,
with junior high school students experiencing the greatest benefits, followed by university, senior
high school, and elementary students. These findings underscore the adaptability and efficacy of
PBL in diverse educational settings and provide strong evidence for its integration into modern
curricula.

The heterogeneity observed in the study results emphasizes the complexity of implementing
PBL across different contexts. Factors such as age, curriculum structure, and implementation fidelity
likely contribute to the variability, underscoring the importance of tailoring PBL approaches to
specific educational stages and disciplines. Overall, the analysis confirmed PBL’s potential to bridge
the gap between theoretical knowledge and real-world application, preparing students for complex
problem-solving and decision-making in academic and professional environments.

Recommendations for Future Research

While this study provides compelling evidence of PBL's efficacy, it also highlights the need
for further research to expand and deepen our understanding of its impact. Future studies should
investigate the effects of PBL across a broader range of educational contexts, including underserved
and underrepresented student populations. This would help evaluate the generalizability of PBL
and identify strategies to overcome barriers in resource-limited settings.

Additionally, longitudinal studies are needed to explore the long-term effects of PBL on
students' critical thinking and cognitive development. Investigating whether the benefits of PBL
persist beyond the classroom and translate into lifelong problem-solving and analytical skills would
provide valuable insights. Research should also focus on integrating PBL with emerging technologies
and online learning platforms to enhance accessibility and scalability, ensuring that its advantages
can be leveraged in diverse educational environments.

By addressing these research gaps, future studies can contribute to optimizing PBL
methodologies, ensuring their alignment with evolving educational needs and global challenges.
The continued exploration of PBL’s transformative potential will pave the way for its widespread
adoption as a cornerstone of effective, student-centered learning.
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