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ABSTRACT

P roject-Based Learning (PBL) has been lauded as a robust alternative to

traditional, didactic instructional methods. Despite its growing adoption,
comprehensive syntheses of its effect on student learning remain scarce. This study
aims to fill this gap by systematically reviewing and meta-analyzing the impact of
PBL on students’ academic performance across various disciplines. Employing the
PRISMA guidelines, we evaluated 70 research articles published between 2010 and
2023 that quantitatively measured PBL educational outcomes. Our analysis,
facilitated by advanced meta-analysis software, revealed a consistent, moderate to
substantial enhancement in student performance under PBL compared to
conventional teaching. The aggregate mean weighted effect size (d+) was 0.652,
indicating a significant and positive influence of PBL on academic achievement. This
effect persisted across different sample sizes and time frames within the study period.
The findings underscore PBL’s superiority in fostering academic success, particularly
in science subjects. Consequently, this article contributes to the scholarly discourse
by delineating the specific conditions and magnitudes of PBL’s effectiveness and
recommends its broader implementation in educational strategies. Based on the
robust findings of this meta-analysis, the study strongly suggests education
institutions integrate PBL, particularly in science education. Additionally, the study
advocates for continuous, empirical research to refine and optimize PBL
methodologies, ensuring their evolving effectiveness and adaptability in the dynamic
landscape of educational pedagogies.
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INTRODUCTION

Education is ever-evolving and continuously adapting to the demands and
requirements of an increasingly globalized world (Djumanova & Makhmudov, 2020).
One of the most vital aspects of education, especially in the 21st century, is fostering
students” ability to think critically, solve complex problems, and collaborate
effectively (Suherman et al., 2021; Rehman et al., 2021a). In recent years, project-based
learning (PBL) has emerged as a pedagogical approach that addresses these needs by
engaging students in authentic, real-world tasks that require applying knowledge and
skills across multiple domains (Boss & Krauss, 2007). As an instructional strategy, PBL
emphasizes the collaborative learning process, providing students with opportunities
to collaborate on projects to explore and solve real-world challenges and construct
meaningful knowledge (Almulla, 2020). Rooted in the theories of constructivism and
experiential learning, PBL shifts the focus of education from traditional teacher-
centered, content-driven instruction to a more learner-centered, inquiry-driven
approach (Rehman et al., 2021b). By allowing students to engage in authentic,
interdisciplinary tasks, PBL fosters the development of essential skills such as critical
thinking, problem-solving, creativity, and collaboration, widely recognized as crucial
competencies for success in the modern workforce (Rees Lewis et al., 2019).

Over the past few decades, PBL has gained traction in educational circles across
the globe, and numerous studies have been conducted to evaluate its effectiveness
(Hawari & Noor, 2020). PBL has gained considerable attention as an innovative
approach to education, emphasizing active learning and real-world application of
knowledge. PBL involves students engaging in authentic, complex projects that
require critical thinking, problem-solving, collaboration, and communication skills
(Malik & Zhu, 2023). This pedagogical approach has been widely implemented in
various educational settings, from primary schools to higher education institutions, to
enhance students’ academic achievement and prepare them for the challenges of the
21st century (Randazzo et al., 2021; Rehman et al., 2021c¢).

The results of these studies have mainly been positive, with evidence suggesting
that PBL can improve academic achievement, enhance motivation, and promote the
development of higher-order thinking skills (Sari & Prasetyo, 2021). Despite the
growing interest in PBL and its potential benefits, there remains a need for a
comprehensive meta-analysis that examines the effectiveness of PBL on student
achievement from 2010 to 2023. While some previous meta-analyses have focused on
specific grade levels or subject areas, a comprehensive analysis spanning a broader
range of educational contexts is lacking. By including studies conducted over 13 years,
this meta-analysis aims to capture the most up-to-date research on the topic and
provide a comprehensive understanding of the effectiveness of PBL.

While individual studies have explored the impact of PBL on student
achievement, conducting a comprehensive meta-analysis allows for a systematic
evaluation of the accumulated evidence to provide a more robust understanding of
the effectiveness of PBL (Moallem, 2019). A meta-analysis synthesizes the findings
from multiple primary studies, enabling researchers to identify patterns, trends, and
overall effect sizes across various studies (Grewal et al., 2018). This approach provides
a comprehensive assessment of the accumulated research and can help identify factors
that may moderate the effectiveness of PBL.
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This comprehensive meta-analysis seeks to synthesize the available research on
the effectiveness of PBL in enhancing academic achievement globally (Chen & Yang,
2019). Examining studies that have investigated the impact of PBL on students’
performance also sheds light on the potential of this instructional approach to improve
learning outcomes and contribute to developing a more skilled and innovative future
workforce (Balemen & Keskin, 2018).

The present study offers a timely and significant contribution to the ongoing
global educational reform and innovation conversation. This study aims to provide a
comprehensive meta-analysis of the effectiveness of PBL in enhancing academic
achievement in science education globally during 2010-2023. This article aims to
inform policymakers, educators, and researchers about the potential benefits of this
pedagogical approach and contribute to the development of effective strategies for
cultivating a generation of students equipped with the knowledge, skills, and mindset
necessary to thrive in the modern world.

LITERATURE REVIEW

PBL has been a subject of scholarly interest for decades, with its roots traceable
back to key educational theorists like John Dewey, who advocated for learning by
doing. Recent studies underscore PBL’s role in enhancing students’ critical thinking,
problem-solving, and collaboration, positioning it as a crucial component of 21st-
century education (Rehman et al., 2023).

EFFECTIVENESS OF PBL

PBL represents a significant shift in educational paradigms and is distinguished
by its empirical substantiation across diverse learning environments (Rehman et al.,
2023). This pedagogical approach has been rigorously scrutinized, revealing a
compelling narrative of enhanced engagement and academic rigor (Shin, 2018). Its
dynamic nature is central to PBL’s effectiveness, transforming students from passive
recipients into active participants in the learning process (Zhang & Ma, 2023). This
shift is not merely pedagogical but deeply cognitive, sparking an intrinsic motivation
and a profound connection to the material (Kokotsaki et al.,, 2016). PBL has
consistently demonstrated its ability to elevate academic achievement in various
educational settings, from primary schools to universities (Condliffe, 2017).

It transcends traditional boundaries of learning, applying equally to sciences and
humanities, mathematics, and arts. Empirical studies echo this sentiment, showing
improved student grades and a deeper, more enduring understanding of complex
subjects (Guo et al.,, 2020). This is attributable to PBL’s emphasis on real-world
application, compelling students to apply theoretical knowledge to practical
scenarios, reinforcing their learning, and making it more relevant (Dilekli, 2020).

Moreover, PBL is instrumental in cultivating essential 21st-century skills,
including critical thinking and problem-solving (Loyens et al., 2023). In PBL, students
engage with complex, real-world challenges and are compelled to analyze, synthesize,
and innovate (Miller et al., 2021). This process is inherently collaborative, often in
settings that mimic professional and communal environments (Yustina et al., 2020).
Here, students refine their ability to navigate challenges, articulate solutions, and
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work cohesively, thereby honing skills invaluable in academic and real-life contexts
(Pupik Dean et al., 2023). Additionally, PBL encourages a deep dive into content,
promoting a cyclical learning process where concepts are not merely learned but
experienced and re-experienced in varying contexts (Revelle et al., 2020). This iterative
approach ensures a comprehensive and nuanced understanding, moving beyond rote
memorization to a more sophisticated, integrated grasp of the material. Through
repeated engagement and reflection, students develop a mastery that is broad in scope
and deep in comprehension (An, 2023).

COMPARATIVE STUDIES AND META-ANALYSES

Meta-analyses serve as a powerful tool in educational research, aggregating
findings from multiple studies to draw more robust conclusions (Meng, 2023). For
instance, Groenewald et al. (2023) performed a comprehensive meta-analysis of PBL,
illuminating its multifaceted benefits, and arguing that students involved in PBL enjoy
a richer learning experience and demonstrate superior long-term retention of
knowledge. This suggests that PBL is not just about learning for examinations; it is
about fostering a deeper, more sustainable understanding of subject matter (Maia
et al., 2023). Moreover, these studies reveal that PBL positively influences skill
development, particularly in areas such as collaboration, communication, and self-
directed learning, which are critical in today’s ever-changing world (Ananda et al.,
2023). Finally, student satisfaction emerges as a prominent theme in these analyses,
with learners preferring the engaging, relevant, and challenging nature of PBL tasks
compared to more traditional, lecture-based approaches (Rehman et al., 2023).

While the benefits of PBL are well-documented, the literature highlights
challenges in its implementation, including the need for significant teacher
preparation, resource allocation, and adaptation of assessment strategies (Chen et al.,
2021). Understanding these challenges is crucial for educators and policymakers to
implement PBL effectively. Despite the extensive research, gaps remain, particularly
in understanding how PBL can be effectively scaled and adapted across different

cultural contexts or how it impacts diverse student populations (Gallagher & Savage,
2023).

THEORETICAL SUPPORT

The theoretical foundations of PBL are rooted in constructivist learning theories.
PBL aligns with the principles of constructivism, which emphasizes the active
construction of knowledge through meaningful experiences and social interactions
(Perry, 2020). According to constructivist perspectives, students learn best when they
are actively engaged in the learning process and when their learning experiences are
situated in authentic and relevant contexts. PBL allows students to explore and
construct their understanding of concepts and skills through hands-on projects,
fostering deeper learning and long-term retention (Hassan & Ahmad, 2023).
Additionally, PBL draws support from socio-cultural theory emphasizing the role of
social interactions and collaborative learning in cognitive development (Leat, 2017).
By working in groups, students engage in discussions, negotiate meaning, and share
their perspectives, enhancing their understanding and learning outcomes. PBL also
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aligns with the principles of self-determination theory, as it promotes student
autonomy, competence, and relatedness, fostering intrinsic motivation and
engagement (Carriger, 2015). In the PBL environment, this journey is facilitated by
engaging in problems and projects that are not merely academic exercises but mirror
real-world challenges (Tuyen & Tien, 2021). This approach does not just fill students’
minds with facts but empowers them with the cognitive tools to build their
understanding and insight (Shpeizer, 2019).

David Kolb’s Experiential Learning Theory further enriches our understanding
of PBL. According to Kolb, there is effective learning when a person progresses
through a cycle of four stages: concrete experience, reflective observation, abstract
conceptualization, and active experimentation (Devi & Thendral, 2023). PBL embodies
this theory, offering a structured way for students to engage deeply with content by
doing, reflecting, thinking, and then applying (Rees Lewis et al., 2019). It is about
turning the classroom into a lab of curiosity, where theories and ideas are tested in the
crucible of real-life application (Hussein, 2021). PBL insists on active engagement, not
passive reception. Students in a PBL setup are like young scientists or detectives,
piecing together knowledge through investigation, collaboration, and synthesis
(Vasiliene-Vasiliauskiene et al., 2020). They are encouraged to probe deeply and not
just seek answers but understand underlying principles and concepts (Hassan &
Ahmad, 2023). This active process is coupled with reflection, an equally critical
component where learners look back, analyze, and evaluate their learning journey,
gaining insights and preparing to apply this knowledge in future scenarios (Almulla,
2020).

Figure 1

Characteristics of PBL.
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PURPOSE OF THE STUDY

PBL is essential for enhancing students’ achievements and other skills in
educational settings. Few studies have systematically analyzed the characteristics of
PBL in different fields of study and its impact on learning outcomes. Previous reviews
of PBL have included systematic/content reviews (Ananda et al., 2023; Darmuki et al.,
2023; Paryanto et al., 2023; Yustina et al., 2020) and one meta-analysis (Suyantiningsih
et al., 2023). Our article focuses on PBL research between 2010 and 2023 to reveal that
PBL significantly enhances students’ academic performance relative to traditional
instructional methods, displaying a medium to large positive effect. The review
centers on examining students” academic achievements in the scientific disciplines of
science and technology, physics, chemistry, and biology by employing meta-analytical
techniques to compare the effectiveness of the PBL approach against conventional
education methods.

Further, we identify characteristics in the literature that may influence their
claims on the efficacy of PBL, such as the number of publications per year, sample
size, course of study, methodologies, and the nature of the publication medium used
for disseminating findings. This article is thus an endeavor to contribute valuable
insights to the discourse on pedagogical strategies in scientific education, by mainly
focusing on the comparative advantages of the PBL approach. We focus on the
following research questions, based on a review of the literature from 2010-2023:

1. How does PBL impact students” academic achievements in science subjects?
2) Do the articles published from 2010-2023 significantly influence the effect sizes
reported in the PBL literature?

3) Does the study’s sample size significantly influence the effect sizes of
publications within the PBL literature?

The article moves forward with the following hypotheses:

H1: PBL significantly enhances students’ academic achievements in science
subjects compared to traditional instructional methods.

H2: Research on PBL from 2010 to 2023 demonstrates a significant variance in
the reported effect sizes.

H3: The sample size of studies significantly influences the reported effect sizes.

METHODS

The present study utilized a meta-analysis technique to assess the efficacy of PBL
for teaching students’ science subjects. A meta-analysis comprehensively examines a
body of literature as a research methodology, integrating and reinterpreting the
outcomes of related distinct studies in a specific domain (Crowther et al., 2010). This
technique distinguishes itself from other literature review methodologies by relying
on statistical methods and quantitative data (Balduzzi et al., 2019). Meta-analysis has
become particularly prevalent in social psychology, offering valuable insights for
informing social policies (Leuschner et al., 2013). There are several variants of meta-
analysis. We employ the “Study Effect Meta-Analysis” approach.
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DATA COLLECTION

The researcher established specific criteria to select relevant studies for meta-
analysis. These required that the studies employ a pre-test/post-test control group
design, assess PBL’s impact on academic performance, and report relevant statistical
data, including mean scores, standard deviation and sample size. Studies were
accessed through CNK databases, education-related journals, congress, and
symposium publications. Databases such as Science Direct, Web of Science, EBSCO,
Google Scholar, ERIC and ProQuest were scoured using the keywords “PBL” and
“student achievement”. Furthermore, we identified master’s and doctoral theses
fitting the criteria. Specifically, our search focused on theses with English headlines
and keywords such as PBL, academic achievement, experimental group, control
group and mean scores. This process yielded a total of 70 studies.

Each study was individually reviewed to ensure it met the inclusion criteria,
which are listed in detail in the following section. It employed a t-test (pre/post)
between the experimental and control group design, measuring academic
achievement by providing statistical data. Research articles that did not meet these
criteria were excluded from the meta-analysis list, as outlined in Figure 2. Many
studies were excluded for reasons such as not measuring academic performance,
lacking standard deviation and arithmetic mean data, or not focusing on science as
the discipline under investigation.

INCLUSION CRITERIA

1. Temporal Scope: Studies were conducted between 2010 and 2023, encompassing
a global perspective.

2. Publication Language: Only research articles, master’s theses, and doctoral
theses published in scientific journals and written in English.

3. Experimental Design: Studies followed an experimental design, allowing for a
rigorous examination of the impact of PBL.

4. Experimental and Control Groups: Studies focused on applying PBL in the
experiment group while maintaining a control group that followed traditional
instructional methods.

5. Academic Achievement Measures: Studies measured students’ academic
achievement and provided insights into performance within science classrooms,
encapsulating pertinent details like arithmetic means and the dispersion
measure for experimental as well as comparison groups.

6. Sample Information: Studies included detailed information regarding sample
sizes and characteristics of study groups, allowing for a more accurate analysis
of the impact of PBL on student achievement.

By employing these inclusion criteria, this meta-analysis aims to ensure a
comprehensive and rigorous examination of the effectiveness of PBL on student
achievement within the specified timeframe.
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SCREEN PROCEDURE

The PRISMA software package Covidence was used to screen the research
articles, with the process of selection shown in Figure 2. A total of 80,070 studies were
first identified before duplications were removed and criteria applied. A total of 63,590
duplicate records were removed. To arrive at the final number of 70 studies to be
included, we followed these steps:

Initial Exploration: We searched through databases like Science Direct, Web of
Science, and Google Scholar, using keywords like “PBL” and “student
achievement.” This initial sweep brought in a whopping 80,070 studies, a
testament to PBL interest.

First Filter: To avoid duplicates, the first step was to sift through these studies,
removing repeats. This meticulous process, aided by Covidence software, helped
us narrow down our catch to 63,590 unique studies.

Setting the Criteria: Our selection criteria were our compass. We sought studies
from 2010 to 2023, focusing on those that employed a pre-test/post-test control
group design and presented detailed statistical data. These criteria ensured we
focused on recent, relevant, and methodologically sound studies.

The Final Stretch: After identifying 1,500 promising studies, we looked at their
text in full, evaluating them against our stringent criteria. Language barriers, lack
of comprehensive data, or deviation from PBL in science education were reasons
for exclusion.

The Treasure Trove: Finally, after this exhaustive yet exhilarating journey, we
arrived at our treasure: the final 70 studies matching our criteria.

Figure 2

PRISMA flowchart: inclusion of studies in the metanalysis program.
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CODIFICATION OF DATA

Ensuring the reliability of coding is a critical aspect of conducting a meta-
analysis. Therefore, all studies must be evaluated by a minimum of two experts
(Weisburd et al., 2022). The researchers developed a codification form to determine
the suitability of including studies in the meta-analysis and enable comparisons across
different meta-analyses. This form encompasses various general characteristics of the
studies, such as study name, author, study type, publication year, scale used, study
duration, study location, educational level of students, statistical data, and effect size.

Two other researchers independently conducted the codifications to ensure the
reliability of the study. Discrepancies between the codes assigned by the two
researchers were carefully examined and resolved through consensus. The reliability
of the study was determined to be 93 percent, using the reliability level formula
proposed by Huberman & Miles (2002). According to Churchill & Peter (1984),
reliability values of 70 percent or higher are considered sufficiently reliable. Therefore,
based on this assessment, it can be confidently stated that the codifications used in this
study are reliable. Any codes that did not match were diligently reviewed and
rectified by the two researchers through mutual agreement.
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DATA ANALYSIS

The present study utilizes meta-analysis focusing on transaction effects for data
analysis. This approach, pioneered by Glass (1976), holds significant importance in
educational practices, social sciences, and psychology research. The transaction effect
meta-analysis encompasses the relationship between effects, the object’s nature, the
transaction’s quantity, and factors influencing the effect. Standardized effect sizes,
represented by Cohen’s d, are employed within this meta-analysis and determined by
dividing the difference between the experimental and control groups by the combined
standard deviation. This statistical method facilitates the comparison of effect sizes
across multiple studies, transforming data into a common measurement system.
Additionally, power analysis is conducted to assess the accuracy of the obtained effect
sizes, utilizing the NORMSDIST formula function in Excel (Borenstein, 2022; Ellis,
2010; Ustiin & Eryilmaz, 2014).

In a meta-analysis, the scales used in various studies may differ, leading to
inconsistent values. Therefore, when conducting meta-analytic studies, the
standardized mean differences in effect size, based on the presence or absence of the
PBL approach, are employed as a suitable statistical method (Cohen, 1988; Huffcutt,
2002; Lipsey & Wilson, 2001; Schmidt & Hunter, 2015). This meta-analysis study
comprises diverse research content, wherein effect sizes were calculated individually
from different tests on distinct samples. The weights assigned to each study are
determined as relative weights.

Meta-analysis studies are selected through a combination of qualitative and
quantitative scrutiny of the research topic, minimizing quality concerns by only
including dissertations and articles. As per the suggestions from specialists, primary
research should not be assessed or disqualified solely on the grounds of a singular
quality scale score for the meta-analysis (Mikolajewicz & Komarova, 2019; Ustiin &
Eryilmaz, 2014). Following this, it becomes imperative to amalgamate the statistical
findings. Before determining the impact measures, the choice of statistical model
depends on the Q statistics, as outlined by Hedges & Vevea (1998). This is done to
gauge the uniformity of impact sizes and population samples in a meta-analysis. The
two models under consideration are the fixed and random-effects models.

The premise of the fixed-effect model is that a singular, true effect size underpins
each analysis. Any discrepancies in effect sizes across multiple studies are attributed
to sampling errors (Hedges & Vevea, 1998). Conversely, the random effect model
operates under the assumption that the average effect size can be derived from a
collection of studies. Considering the potential for varying influential factors in each
study’s outcomes, utilizing a random-effects model is fitting when these variances are
significant.

Additional statistical measures, such as the 12 statistic, complement the Q
statistic in assessing the heterogeneity of the studies’ results, providing a clearer
indication of heterogeneity (Popay et al., 2006). 12 quantifies heterogeneity as low (25
percent), intermediate (50 percent), or high (75 percent) (Cooper et al., 2009, p. 263).
The Orwin method, a tool that assesses the number of studies necessary to modify the
importance of the outcomes relating to the effect sizes encompassed in the meta-
analysis, was also employed (Christophorou et al., 2015). This method computes the
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quantity of studies where the mean effect size equals zero, thereby recognizing its
practical significance and offering an avenue for researchers.

This detailed meta-analysis study compares the impacts of the PBL methodology
and traditional instructional approaches. Within this context, the PBL method and
customary educational practices are treated as independent variables, while students’
performance in science courses is the dependent variable. The Analog ANOVA was
utilized to examine intervening variables like the number of publications and sample
size. A variety of software tools were leveraged for data analysis, including
comprehensive meta-analysis 2.0 (CMA), MetaWin, and Excel. CMA was key in
determining the overall effect size, executing sub-group analysis, evaluating
publication bias, and generating the forest plot and funnel plot graphs. Meanwhile,
MetaWin supported the development of a standard quantile plot, and Excel played a
pivotal role in power analysis.

RESULTS
GENERAL EFFECT SIZE RESULTS

The meta-analysis findings presented here compare and analyze the influence of
the PBL approach with conventional instructional methods, focusing on their effect
on students’ scholastic achievements in science disciplines. The first stage necessitates
the selection of a suitable meta-analysis model by the researcher for determining the
impact magnitude of the various studies. The researcher initially validates the
uniformity of the studies through the application of a fixed-effect model. The findings
concerning the studies’ consistency and the overall impact magnitude derived from
the fixed-effect model are revealed in Table 1.

Table 1

Fixed-Effect Model (effect size). Showing Average Effect Size Value (ES), Degrees of Freedom
(df), Homogeneity Value (Q), Standard Error (SE), and Confidence Interval (CI).

Chi-Square % 95 CI for ES
s e Q Table Value SE 12 (ES [% 95 CI])
Minimum Maximum
Value Value
0.400 47 180.70 0.0489 0.74 0.304 0.496

The homogeneity value of research studies using a fixed-effect model was found
to be Q = 180.70. According to the chi-square table, compared to the critical value of
56.942 for 47 degrees of freedom at a 95% significance level, our Q statistic far exceeds
it (for df = 47, x2 [0.95] = 56.942). In addition, the 12 statistic is 0.74, or 74 percent,
indicating a high degree of heterogeneity. This result signifies that the study’s effect
sizes diverge under the fixed-effect model, implying an absence of a singular, true
effect size. Given the heterogeneity within the fixed-effect model, using a random-
effects model may help mitigate potential inaccuracies. This model considers variation
across studies, which may provide a more accurate representation of the overall ES in
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the presence of heterogeneity. Results regarding the homogeneity of the studies and
general effect sizes, by using the random effect model, are given in Table 2.

Table 2

The results of studies” ES based on random effect model.

% 95 CI for ES
ES n SE z P (ES [% 95 CI])
Minimum Maximum
Value Value
0652 70 0.3568 1.829 0.00 047 1.352

In examining the effect size of studies under a random-effects model, we found
the ES to be 0.652. In assessing the magnitude of the observed effects, effect sizes were
categorized using benchmarks established by Cohen et al. (2017), where a value of d
= (.2 is considered a small effect, d = 0.5 a medium effect, and d = 0.8 a large effect.
This value indicates a considerable effect in the context of PBL across the studies
examined. The number of studies included in this analysis is represented by ‘n’, which
is 70. This figure significantly contributes to the robustness of the meta-analysis
findings. In this case, the SE, which is 0.3568, suggests a relatively large degree of
statistical uncertainty around the effect size estimate. The Z statistic is 1.829, and when
accompanied by the p-value of 0.00, it indicates that the observed effect is statistically
significant at the given level of significance, confirming that the PBL intervention has
a measurable impact. The 95 percent CI for the ES stretches from -0.47 to 1.352. This
interval tells us that we can be 95 percent confident that the true ES in the population
falls within this range. Interestingly, this interval crosses zero, indicating that some
studies might show negative, positive, and no effects. This could reflect a high degree
of variability in the effects across studies, which is typical in a random-effects model
where there is expected heterogeneity. The inclusion of a negative value, -0.47, might
suggest that, under certain conditions or in specific contexts, PBL could have
counterproductive outcomes or even detract from the desired educational objectives.
Conversely, the positive upper limit of 1.352 points toward studies where PBL has had
a significantly favorable impact. The span across zero further underscores the
variability, suggesting that while most studies indicate a positive effect, others may
show negative, neutral, or no significant results. This variation aligns with the
inherent heterogeneity expected in a random-effects model and emphasizes the
nuanced outcomes of PBL across different studies and contexts.

Given these findings, the results indicate considerable heterogeneity in the
effects of PBL across the 70 studies included in the meta-analysis. This suggests that
the specific context of each study significantly influences the effectiveness of PBL,
underscoring the importance of considering the unique characteristics and qualities
of individual studies when interpreting these results. A forest plot, illustrating the
dispersion of primary studies” ES values, as established by the random effect model,
is presented in figure 3.
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Figure 3

Forest plot showing distribution ES values of studies.
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Kuo-Hing Tseng 038 0128 089 01%6
Qi-GengQeng 019 -0375 0614 06%
Shi-Jer Lou 0184 025 0620 040
Wen-Ang Chen 03% 0083 075 006
chen 1473 204 092 0000 =
Zhneg 632 5117 7608 0000
Bigh Karakuyu &Ay 082 030 135 0001
Bas1 07% 0270 132 000
Bes 090 036 1513 0002
CAKIQ & Turken 240 1650 3208 0000
chang &lee 01& 0112 0477 024
chang &lee2 0416 0017 0848 009
Doninguez & Jire 085 -110 -0460 0000
Eskrootchi and Gskroch 092 039 156 0002
Afriana Remrenesari & Fitrian, 03 0140 0918 0149
Koperanaand Bulert 094 048 1481 0000
Hestie, Chen & Quarino 1063 0751 1375 0000 —_—
Karacdli &Korur 184 140 2278 0000
Qatoye & Adekoya 6106 5191 700 0000
shyr 0000 060 060 100
Tuncay & BizoMu 1721 0977 2465 0000 b
Fang\Weng &Zhou 0424 0160 0687 0002
Nurmalisa, Narhayati & Hayat 0671 0167 1174 00M
issaand khtabish 0387 012 068 004
BbrahimKaran and LisaBrown 036 0448 1100 0409
Ketie Redrrond 1141 068 1597 0000 —
Shin 6874 606 76% 000
Jang &Pang -36828 40938 -30717 0000
Chia-Chen Chenand F-Hao Hieng 018 -028 0606 035
Zen, Reflianto , Syansuer, Arieni 235 194 27 0000
Rhamizzeldeen Sahib Tanimi, Or. Ahnred Mohanmed Abed Sdlamin 018 -02866 0661 04%
Kezkepen &Beta?, 0437 0207 1082 014
Winetha & Abubeker 2067 1309 2806 000
Mahesneh &Awan 0769 0311 127 0001
Baren, Masken & Yasar 2167 1306 3030 0000
Sahi 016 0062 010 0000 L
Rutri, Artini & Ntiasih 0066 -04% 0580 0808
Francis 2700 -35%7 -184 0000
Qurawan, Sehidu, Harjono & Suranti 033 0186 083 0214
(Chetwattana & Nisock 05% -0671 1883 03%
Ba? &Beyheb 099 036 1513 0002
Hrg Hvag, &Harg 0651 0279 1023 0001
Widana, Tegeh &Artanayasa 0243 -030 08% 042
Denir &0rdl 1251 056 1976 0001 —
Hn, Rosli, Coraro, &Capraro 0214 000 039 000 —
Lee, Cpraro & Bcer 280 2176 3424 0000
Branch NP N0RA - N2A0 N227

Squares in the plot represent each study’s ES, with the horizontal lines diverging
from these squares signifying the minimum and maximum range of the 95 percent CI
for the corresponding impact magnitude. The size of the square itself shows the
weight that each study contributes to the overall ES. The diamond-shaped figure
located at the bottom represents the overall ES of all studies.

Upon reviewing the effect sizes of the studies, it is apparent that the minimum
effect size value is -9.35 and the maximum effect size is 2.39. Out of the 49 studies, 38
present a positive effect size, while eleven exhibit a negative effect size. This suggests
that 38 studies show a positive effect favoring the experimental group using PBL,
whereas eleven studies demonstrate a negative effect, favoring the control group
using the traditional education method. The overall effect size is 0.40, with a SE of
0.05, and a 95 percent CI ranging from 0.30 to 0.50, indicating that the PBL approach
seems to have a positive effect on average.
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The effect size distribution of various studies generally follows a normal pattern,
primarily because these studies are typically centered around the CI, demonstrated
by the x=y line and apparent through the marked cut-off points. A graph illustrating
the normal distribution of the effect sizes from the studies incorporated in this
research is depicted in figure 4. In essence, the funnel plot illustrates the precision of
individual studies (through their standard errors) against their effect sizes. A
symmetrical distribution of the mean effect size suggests no publication bias, whereas
any significant asymmetry might indicate potential bias.

Figure 4

Effect size bubble plot.
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Observing the bubble plot of the studies” effect size, we can see that they closely
align with the normal distribution line and do not cross the predefined boundaries.
Thus, the studies incorporated into our research display a normal distribution. A
funnel plot is commonly used in meta-analysis to visually examine the presence of
publication bias or small-study effects. Additionally, the funnel plot provided in
figure 5 can be utilized to decipher if publication bias is present. The cluster at the top
with a fairly small range of effect sizes suggests low heterogeneity among larger
studies. However, the presence of a study with a significantly different result (at the
bottom) and a few larger studies with more extreme results may suggest potential
publication bias or small-study effects. In other words, smaller studies (and
potentially some larger ones) with more extreme results might be published more
often, leading to overestimating the overall effect size in meta-analysis.
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Figure 5

Funnel plot representing bias in the studies.
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In publication bias cases, effect sizes are distributed in a pattern within the funnel

plot. Conversely, these effect sizes are typically

distributed symmetrically when

there’s no publication bias. Interestingly, a perfect symmetry emerges when four

studies are added to the left side of the funnel plot,

as per the trim and fill method by

Duval & Tweedie (2000). This observation serves as evidence of low publication bias.
Additionally, the calculated adjusted mean effect size value stands at 0.819.

Figure 6

Galbraith plot.
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RESULTS ABOUT STUDIES OCCURRED DURING THE YEAR 2010-2023

The result of whether the effect sizes differ according to the year of publication
is given in terms of academic achievement in Table 3.

Table 3

Effect Size Differences According to the year of publication 2010-2023.

Variables Inter-Grou'p ES (% 95 CI)

Year Homogeneity p n ES Min. Max SE
publication value (QB) ’ ’

20102015 197716 0.0000 30 1.036 0.6182 1.0022 0.0980
2016-2020 22 1432 0485 0556 0.018
20212023 17 0.837 0.602 1.023 0107

Table 3 represents the range of years in which the studies were included in the
meta-analysis. The p-value corresponding to QB is 0.0000. This is less than the typical
significance level of 0.05, which means that there is a significant difference in effect
sizes across the different years of publication within the range 2010-2023. The QB
value is 1977.16, which shows a significant variation in the effect sizes of the studies
conducted between 2010-2023, and the average effect size is between 0.6182 and
1.0022.

CORRELATION OF PBL EFFICACY WITH STUDY SAMPLE SIZE

The meta-analysis inclusion of numerous studies unveiled substantial variances
inrelation to the scale of the samples. Thus, the magnitude of the sample was regarded
as a significant attribute of each study. As a result, studies were segmented into three
distinct classifications determined by the volume of their samples: petite (n < 50),
intermediate (51 < n < 100), and expansive (n > 100). It was discovered that a
considerable number of studies predominantly utilized an intermediate sample size
(n = 42). When observing the productivity of PBL, the greatest efficacy was discovered
in studies deploying petite-sized samples (d = 0.484). Investigations utilizing
intermediate and expansive-sized samples exhibited effect sizes of d = 1.010 and d =
6.280 respectively. Statistical analyses did not suggest any significant disparities
between the mean effect sizes arising from the diverse sample sizes (QB = 1815.81).
The consistency within each group was determined as 96.444 for petite, 360.480 for
intermediate, and 28.7609 for expansive samples. These findings hint at the fact that
the impact of PBL remains relatively stable irrespective of the sample size, thus
showcasing its wide-ranging effectiveness and applicability across diverse
educational environments and scales (refer to Table 4 for more details).
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Variables Inter-Group Overall mean n D for (% 95 CI) Homogeneity
Homogeneity effect size Min. Max. within groups
value (QB) d
Sample size 181581
Small 2635 20 0484 0554 964440
Medium 1.010 42 0594 1.012 360480
Large 6.280 9 0.0574 0.0382 287609
Figure 7
Effect size of each study with both models.
Model Study name Statistics for each study Hedges's g and 95% Cl
Hedges's g | Lower limit | Upper limit palue -1.00 -0.50 0.00 050 1.00
Kenson Kin 1619 111 2126 0.000
niyazi-erdog 0165 -0.267 0538 0.453
Du, 0673 0.476 0.870 0.000 —
Kenson Kin 0.025 -0.526 05676 0,930
Hiaojie Ding 1.000 0534 1.467 0.000
Kuo-Hung 0.383 012 0.887 0136
Chi-Cheng 0118 -0.370 0.60E 0636
ShiJer Lou 0.182 -0.250 0614 0.409
Wen-Ping 0.353 -0.062 0.768 0.036 +
chen -1.454 2.7 -0.830 0.000 —
zhnag E.280 5.050 7.509 0.000
Bilgin, ne12 0316 1.309 n.0m +
Basl 0.786 0.267 1.305 0.003 +
Bas 0914 0.340 1.489 0.002 +
CAKICI & 2.386 1.621 315 0.000
chang & lee 0182 011 0.475 0.224 —_—t
chang & lee 0412 0016 0.240 0.059 +
Dominguez 0821 -1.184 -0.458 0.000
Eskrootchi 0928 0.344 1.512 0.002
Afnana 0.384 0138 0.905 0.149 +
Koparana 0.974 0.483 1.464 0.000 +
Hastie, 1.058 0.747 1.369 0.000 —
Karacali & 1.874 1.482 2.265 0.000
Olatoye & E.0B1 5.153 £.963 0.000
shyr 0.000 {0607 0.607 1.000
Tuncay & 1.685 0.956 2414 0.000 -
Fang'wWang 0.422 0160 0685 0.002 —_—
Nurmalisa, 0.E63 0165 1.160 0.009 +
lssa HB and 0.386 0121 0.651 0.004 —_—
Ebrahim 0.216 -0.434 1.065 0.409
K.atie 1131 0E73 1.6582 0.000 —
Shin E.841 B.026 7.657 0.000
Jiang & -35538 -40 607 -30.463 0.000
Chia-Chen 0187 -0.226 0.600 0.375
Zen, 2334 1.924 2.743 0.000
Riham 0.186 -0.282 0653 0.436
K7zkapan & 0.428 -0.203 1.063 0184
Winatha & 208 1.284 2.792 0.000
Mahasneh 0.761 0.308 1.215 n.0m +
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DISCUSSION

The present meta-analysis synthesized the results of 70 studies comparing the
effects of PBL and traditional education methods on academic achievement in science
classes. By employing transaction effect meta-analysis and using standardized effect
sizes via Cohen’s d, this study aimed to capture the nuanced relationship between the
teaching methods and their impact on student outcomes. Cohen (1980) observed a
significant general impact. In essence, the performance of students who undergo PBL
education surpasses that of their peers educated through traditional methods by
86.6%. A wealth of research on PBL in science education corroborates this, including
studies by Bilgin et al. (2015); Cakici & Tiirkmen (2013); Chen & Yang (2019); Crespi
et al., (2022); Darmuki et al. (2023); Maros et al., (2021); Schneider et al. (2022); and
Kartika et al. (2022). The findings of these studies align with this meta-analysis,
suggesting that PBL enhances students’” academic performance.

In the fixed-effect model, a high level of heterogeneity was observed (12 = 74
percent), suggesting substantial variations in effect sizes across the studies. This led to
the use of a random effect model, which accounts for this variability, and is typically
used when heterogeneity is high. Based on the random effect model, the overall effect
size was 0.652, signifying a moderate effect in favor of the PBL approach. The 95% CI,
however, crossed zero, indicating that while the majority of studies reflected a positive
impact of PBL on academic achievement, some studies reported no effect or a negative
effect. This wide range of outcomes underscores the complexity of implementing PBL
in diverse contexts and populations. Factors such as curriculum design, teacher
training, student demographics, and class size could potentially influence the efficacy
of PBL.

The funnel plot, alongside Duval & Tweedie’s trim (2000) and fill method,
indicated low publication bias, thus boosting confidence in the robustness of the
results. Although slight asymmetry was noted in the funnel plot, it is important to
acknowledge that complete symmetry is rarely achieved in practical research
scenarios. It was also observed that the effect sizes varied significantly based on the
year of publication. Studies published between 2010-2023 showed a varying range of
effect sizes (see Figure 6). This could be due to improvements in the implementation
of PBL over time or the evolution of traditional educational practices. The current
study, however, did not delve into the causes behind this variation, which provides
scope for future research.

Further, when the sample size was taken into consideration, the impact of PBL
was found to be fairly consistent, signifying its effectiveness across varying scales of
educational settings. Though effect sizes did not significantly differ based on sample
sizes, it is interesting to note that the smallest effect size was observed in the smallest
sample size group. This might be attributed to the interactive, group-based nature of
PBL, which perhaps resonates more effectively in larger classroom environments.

Meta-analyses also play a crucial role in integrating the results of independent
studies. The key takeaways from such analyses include that PBL improves students’
academic outcomes. The publication status does not impact the eligibility of studies
for the research criteria. There are no significant variances in the average influence of
articles published from 2010 to 2023, with all types of publications demonstrating a
substantial effect. Regardless of the sample size or whether it is implemented
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independently or in conjunction with other methods, PBL consistently proves its
efficacy. Moreover, PBL consistently produces favorable outcomes in several different
countries.

CONCLUSION

This meta-analysis concludes the effectiveness of PBL versus traditional
education methods in science classrooms. The analysis of 70 studies was a quest for
numbers and a deep dive into understanding how teaching methodologies shape
student learning. Compared to traditional methods, PBL often enhances student
performance in science education. PBL exhibited a significant edge based on Cohen’s
d. This finding is echoed in several studies worldwide. However, it is not just a one-
note narrative. This analysis reveals a high degree of heterogeneity that characterizes
educational settings globally. The diversity of PBL implementation shows that it is not
a one-size-fits-all solution. Moderate effect sizes and variability in results across
studies highlight the complexity of education systems. Factors like curriculum design,
teacher expertise, and student demographics emerge as critical players in this
educational orchestra. Various effect sizes over the years suggest an evolving
educational landscape where both PBL and traditional methods constantly refine their
approaches. The low publication bias in our study is particularly encouraging.
Although perfect symmetry in research is challenging, this lends credibility to our
findings. Our analysis also suggests that PBL’s effectiveness does not waver
significantly with the classroom size. It seems to hold its ground in intimate settings
or larger educational arenas.

In conclusion, the findings suggest that PBL can positively impact academic
achievement in science classes compared to traditional educational methods.
However, this impact varies significantly across different studies, indicating the need
for context-specific application and further research. Future studies could focus on
identifying the factors contributing to the success of PBL in specific contexts and how
these could be replicated in other settings. The potential impact of PBL on non-
academic outcomes, such as student engagement and satisfaction, could also be
explored.

LIMITATIONS

The present study has two limitations. First, heterogeneity among the studies
included in the analysis was high, implying considerable variation in the
methodologies, contexts, and populations of these studies. While the random effect
model used in this analysis considers this, it means that conclusions drawn from this
study should be applied with caution. Second, while efforts were made to reduce the
risk of bias, it is impossible to eliminate this risk in a meta-analysis.

Published online: March 6, 2024 . 2024.11(2): €2024015



:CMU Journal of Social Sciences and Humanities (2024) Vol.11 No.2 ( 20

/
RECOMMENDATIONS

1. Given that the most significant effect value comes from the studies conducted
during the years 2010-2015, which shows a considerable variation in the effect sizes of
the studies conducted between 2010-2023, it would be sensible to deploy PBL more
frequently at all levels.

2. Most PBL research appears to implement traditional, teacher-centered
teaching methods in experimental groups without comparing PBL with other student-
centered strategies. Future research should explore these comparisons.

3. Examining the broad traits of the investigations incorporated into the meta-
analysis presented significant difficulties due to the lack of detailed data regarding the
participating researchers. Critical details about the implementer’s educational
background, professional experience, and whether they were also the researcher were
often missing. When the implementer was different from the researcher, there was
usually no mention of any preparatory training given. Similarly, implementation
duration often went unreported. As crucial factors influence a study’s outcome, all
future research should provide this information.

4. The resultant effect size calculated in our study, denoted as general = 0.652,
serves as a standard for future investigations in PBL. Subsequent PBL research can
measure the impact of their findings in comparison to this established effect size.

5. The effect size from the present study indicates that PBL is a highly effective
method in science education, comparable to laboratory-supported teaching (d = 0.652
> 0.80). Therefore, evaluating the effectiveness of other student-centered teaching
methods like Argumentation-Based Teaching, Collaborative Teaching, Computer-
Aided Teaching, and Brain-Based Teaching in science education and comparing the
results with this study would improve the quality of science education.

6. There appears to be a gap in national research, with no meta-analysis study
evaluating the efficacy of PBL across various disciplines (such as math, English, art,
music, etc.) identified. As such, conducting meta-analyses in diverse areas could
potentially pinpoint the subjects where PBL demonstrates the most significant impact.

7. All research studies in the present PBL meta-analysis used different
assessment tests to measure academic performance. However, in addition to the final
results, the process in PBL should also be assessed and included in student evaluation.
Hence, researchers should consider utilizing progress files and rubrics to evaluate the
process in their PBL studies.

8. To sum up, it becomes evident that PBL manifests superior efficacy in
contrast to conventional pedagogical approaches when applied to science instruction.
Hence, PBL should be a standard tool in primary, secondary, and tertiary science
education. This finding should influence curriculum development and lead to more
PBL activities in textbooks.
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