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ABSTRACT
Objective: This study aimed to determine the overall effect size of project-based
learning (PBL) on the development of critical thinking and to examine its effectiveness
across different educational levels through a systematic meta-analytic approach.

Method: The present research employed a quantitative meta-analysis conducted in
accordance with the PRISMA guidelines. A total of 17 experimental and quasi-
experimental studies published between 2019 and 2025 were selected based on
predefined inclusion and exclusion criteria. The pooled effect size was calculated using
Hedges’s g under a random-effects model (REML). Study heterogeneity was assessed
using the Q statistic and the 12 index, and subgroup analyses were performed based on
educational level Publication bias was examined using Egger’s and Begg’s tests as well
as the trim-and-fill method.

Results: The results indicated that project-based learning had a positive and statistically
significant effect on critical thinking (g = 0.92, 95% CI: 0.83 to 1.01), representing a
moderate-to-large effect size. Overall heterogeneity was low and non-significant (12 =
0%), although substantial heterogeneity was observed in certain subgroups, particularly
at the university level. Subgroup analyses revealed variations in effect sizes across
educational levels; however, these differences were not statistically significant. Tests
for publication bias provided no conclusive evidence of serious bias, and the trim-and-
fill analysis did not alter the overall effect size.

Conclusions: The findings support project-based learning as an effective, evidence-
based instructional approach for enhancing critical thinking within educational systems.
Nevertheless, given the limited number of eligible studies and variations in
conceptualization and contextual factors, the generalizability of the results should be
interpreted with caution. Further high-quality experimental research across diverse
educational and cultural contexts is recommended.
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Introduction

This meta-analysis examines the effects of project-
based learning (PBL) on students’ critical thinking
skills across different educational levels, including
primary, secondary, and higher education. By
synthesizing data from multiple empirical studies, the
analysis identifies overall trends in how PBL impacts
learners’ abilities to analyze, evaluate, and apply
knowledge in problem-solving contexts. The findings
indicate that PBL generally produces a positive effect
on critical thinking, with students in higher education
showing slightly stronger gains, likely due to greater
cognitive maturity and opportunities for self-directed
learning. Moderator analyses suggest that the duration
of PBL interventions, teacher facilitation, and
integration of technology significantly influence the
magnitude of these effects.

The study also highlights variability in outcomes
across  disciplines and educational  settings,
emphasizing that context matters for PBL
implementation.  While most studies report
improvements in students’ reasoning, decision-
making, and creativity, shorter or poorly supported
PBL programs show limited impact. The meta-analysis
underscores the importance of carefully designed
projects, teacher training, and assessment alignment to
maximize critical thinking outcomes. Overall, the
evidence supports PBL as an effective pedagogical
approach for fostering higher-order thinking skills,
with recommendations for educators to tailor projects
to learners’ developmental levels and the subject
matter.

Method

This study was conducted using a quantitative and
systematic meta-analytic approach, aiming to estimate
the effect size of project-based learning on learners’
critical thinking skills. The research process included
identifying the problem, systematically searching the
literature, defining inclusion and exclusion criteria,
screening studies, extracting and coding data, and
finally performing statistical analysis of the results. To
enhance transparency, accuracy, and reproducibility,

the meta-analysis procedures were designed and
reported based on the PRISMA guidelines (Mohr et al.,
2009). To identify relevant studies, a systematic search
was conducted in databases such as Google Scholar,
Science Direct, and Web of Science. The main
keywords included  “Project-Based
combined with concepts such as “Critical Thinking.”
Figure 1 illustrates the study selection process.

Learning”

Results

This meta-analysis examined the effects of project-
based learning (PBL) on critical thinking, creative
thinking, and problem-solving across different
educational levels. All included studies were quasi-
experimental with experimental and control groups.
Effect sizes ranged from 0.299 to 2.804, with most
studies showing large positive effects (g > 0.8),
indicating a significant impact of PBL on higher-order
thinking skills. The overall standardized effect size was
0.932 (95% CI: 0.832-1.13), statistically significant,
confirming that PBL has a strong and positive effect.
Heterogeneity analyses showed low overall variability
(12 = 0), justifying the use of a random-effects model.
Subgroup analyses by educational level revealed
significant effects at the elementary (g = 0.886),
secondary (g = 0.847), and higher education levels (g =
1.30), with university-level students benefiting most.
Most studies were homogeneous within each
educational level, though higher education showed
some variability due to very high effect sizes in certain
studies.

Publication bias was assessed using multiple tests,
including Egger’s regression and nonparametric Trim
and Fill. Results suggested some potential bias,
particularly in smaller studies, though the overall effect
remained large, positive, and significant even after
accounting for hypothetical missing studies (adjusted g
= 0.884). Funnel plots showed minimal asymmetry,
indicating no strong bias favoring studies with larger
effects. Overall, the meta-analysis confirms that PBL
consistently enhances critical thinking, creative
thinking, and problem-solving across educational
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levels, with findings robust despite minor variations
and potential publication bias.

Conclusions

This meta-analysis aimed to examine the
effectiveness of project-based learning (PBL) on
higher-order cognitive skills, particularly critical
thinking, across educational levels. Analysis of 17
empirical studies indicated that PBL has a significant
positive impact on critical thinking and related
constructs, including problem-solving and creative
thinking, compared to traditional instruction. The
overall effect size was large (Hedges’ g = 0.932, 95%
Cl: 0.832-1.13), demonstrating that PBL can
meaningfully enhance learners’ reasoning and
problem-solving abilities. Subgroup analyses by
educational level showed that although the effect size
was slightly larger in higher education, differences
between primary, secondary, and university levels were
not statistically significant, suggesting that PBL is
effective across all educational stages. The findings
align with theoretical perspectives emphasizing critical
thinking as a set of higher-order cognitive skills and the
role of project-oriented learning in fostering problem

definition, solution generation, and evaluation (Fisher,
2011; Fasini, 2009).

Regarding publication bias, results were mixed:
Egger’s test suggested possible small-study effects,
whereas Begg’s test did not confirm this, and Trim-
and-Fill analyses indicated that including hypothetical
missing studies did not substantially alter the overall
effect. These results indicate that the findings are
robust, despite minor potential biases. Overall, this
study highlights PBL as an evidence-based,
generalizable, and effective pedagogical approach for
developing critical thinking, problem-solving, and
creative thinking. Practically, the results provide
guidance for curriculum designers, educators, and
policymakers to integrate PBL into educational
systems. Future research should focus on moderating
variables such as subject area, duration, project quality,
and the use of modern technologies, including Al, to
better understand optimal implementation conditions
and increase the generalizability of findings.
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