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1. Introduction

Science achievement refers to the level of knowledge, understanding, and skills students
acquire in science. It is a critical aspect of modern education, as science literacy is essential for
navigating and contributing to a world increasingly shaped by technology and scientific
advancements (Miiftioglu & Sahin, 2024; Suherman & Vidakovich, 2022). High levels of student
achievement in science not only reflect a firm grasp of scientific concepts but also the ability to
think critically, solve problems, and engage in scientific inquiry (Djidu & Istiyono, 2023;
Istiyono, 2020; Retnawati, 2016). Promoting high levels of science achievement is vital for
preparing students for future careers in STEM, fostering scientific innovation, and addressing
global challenges like climate change, healthcare, and sustainable development. Therefore,
improving science education and student engagement in science are key priorities for educational
systems worldwide.

The 21st-century learning skills are the foundation that enables individuals to succeed in an
increasingly complex and interconnected world. An education system focusing on developing
these skills will help students achieve academic success and become competent, innovative, and
responsible citizens (Putri et al., 2022; Zhang & Ma, 2023). By prioritizing 21st-century skills, we
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are preparing the next generation to face future challenges and contribute to the advancement of
a better global society.

In the 21st-century education era, practical and innovative teaching methods are increasingly
important to ensure students understand and apply the subject in real-world situations. One
approach that is gaining popularity is Project-Based Learning (PjBL). PjBL is a student-centered
learning approach that uses projects as the core of teaching and learning activities (Alemneh &
Gebrie, 2024; Yu, 2024). The evolution of Project-Based Learning (PBL) is deeply intertwined
with constructivist theories, which emphasize that learners build knowledge through experiences
and reflections. PBL offers a learner-centered, collaborative learning system where students
complete projects independently and in teams. This approach aims to equip students with new
skills and knowledge through practical application, fostering an environment where learning is
active and integrative (Alemneh & Gebrie, 2024; Marnewick, 2023; Yu, 2024). In PjBL, students
actively and deeply explore complex and real-world problems or challenges. This method aims to
make learning more relevant and engaging by involving students in projects that require problem-
solving, decision-making, investigation, and reflection (Ling et al., 2024; Pupik Dean et al., 2023;
Wang, 2023).

The implementation of PjBL in learning has become a topic of great interest among
researchers and education practitioners. This interest is due to several studies showing that PjBL
implementation can positively transform student learning outcomes and achievements (Apriany
et al., 2020; Yarno et al., 2022). For instance, students engaged in PjBL tend to have a deeper
understanding of the material, show improved analytical skills, and are better prepared to face
real-world challenges (Adekantari et al., 2020; Fitra et al., 2024; Shin, 2018). Additionally, the
engagement and practical application of acquired knowledge can enhance students' academic
performance (Putri et al., 2022).

Although PjBL has been recognized as an effective learning method in improving student
achievements in science learning, most PjBL research has been conducted in developed countries
with adequate resources (Chen & Yang, 2019; Learning & Physics, 2020). There is still limited
research exploring the effectiveness of PjBL in developing countries or in resource-limited
environments. Therefore, further PjBL studies are needed to understand how PjBL can be
adapted and effectively applied in various educational contexts. A meta-analysis study is
necessary to understand the impact of PjBL implementation on student learning
comprehensively.

Meta-analysis studies play a crucial role in evaluating and understanding the impact of PjBL
implementation on learning. By combining and analyzing data from various studies, meta-
analysis provides deep and comprehensive insights into the effectiveness of PjBL, the factors
influencing it, and the best ways to implement it in diverse educational contexts (Chen & Yang,
2019; Gao et al., 2024; Goyal et al., 2022a). The results of this meta-analysis can be used to
strengthen educational policies and enhance teaching practices to improve student achievements
in science learning. Therefore, this study aims to examine further how PjBL implementation can
affect science student achievements. By understanding the positive impact of this method,
educators can be more confident in integrating PjBL into their curriculum, thus creating a more
dynamic, interactive, and effective learning environment for student development.

2. Method

To ensure the quality of the study, we strictly adhered to the meta-analysis criteria proposed
by Glass (1976). This approach involved four main assessment procedures: literature collection,
coding, effect size calculation, and moderating variable analysis. Ultimately, these steps
culminated in a comprehensive exploration of the effect size and a thorough analysis of the study
results.
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This study employed the Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) method (Moher et al., 2015). This study followed the literature processing
method outlined by Vrabel (2015) to identify articles that meet the subject matter requirements.
The literature search, screening, and inclusion process is illustrated in Figure 1. The literature
search was conducted from February to May 2024. The literature used includes national and
international articles published between 2016 and 2024, with a final count of 20 articles. To
ensure the quality of the study results, these articles were sourced from the databases
ScienceDirect, Scopus, and Sinta (levels 1-3). The keywords used in the search were "Project-
Based Learning" or "student science achievement" or "science learning outcome" or "learning
achievement."

After collecting the articles, the next step was selecting articles aligned with the research
objectives. To find articles that meet the subject matter requirements, this study applied several
selection criteria: (1) duplicate literature must be removed; (2) the research must focus on the
implementation of PjBL and its impact on learning outcomes; (3) the research must be
quantitative, including both experimental and control groups; (4) complete data that allows for
the calculation of effect size must be available.
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o
w
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-
S analysis (n = 20)

Figure 1. Flow chart literature screening

Coding was conducted based on the region where the study was carried out to compare the
variability of the impact of PjBL. Therefore, the coding in this study includes three main aspects:
region category, academic level, and group size. Furthermore, students' science achievements
were categorized into cognitive and soft skills. From the 20 selected documents, 29 effect sizes
were used in this meta-analysis study. Characteristics of studies included in the meta-analysis in
Table 1.

Table 1. Characteristics of studies included in the meta-analysis

. Science
No Study Year Sample Continent Level Achievement
1 AiJou Pan 2023 140 Asia Senior High Cognitive Skills
School
2 Isna A. 2018 64 Asia Senior High Cognitive Skills
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Science

No Study Year Sample Continent Level Achievement
Mukhayyaroh School
Siti Mega . Senior High .. .
3 Farihatun 2019 66 Asia School Cognitive Skills
4  Juwita Amalda 2023 28 Asia Senior High Cognitive Skills
School
o . . Elementary .. .
5  Wiki A priany 2020 76 Asia School Cognitive Skills
6  Simegn Alemneh 2024 94 Africa Senior High Cognitive Skills
School
7 Bojan D. Lazi¢ 2021 147  Africa Elementary Cognitive Skills
School
8  Dahlia N. Asri 2017 146 Asia Middle School Cognitive Skills
9 Dahlia N. Asri 2017 148 Asia Middle School Cognitive Skills
10  Safaruddin 2020 59 Asia Elementary Cognitive Skills
School
11 Safaruddin 2020 59 Asia Elementary Soft skills
School
‘Wekesa, N. . . .. .
12 Wafula 2016 80 Africa Middle School Cognitive Skills
Wekesa, N. . . .. .
13 Wafula 2016 80 Africa Middle School Cognitive Skills
14 Wekesa, N. 2016 80 Africa  Middle School Cognitive Skills
Wafula
15 Myeong-Hee Shin 2018 158 Asia Elementary Soft skills
School
16 Myeong-Hee Shin 2018 158 Asia Elementary Soft skills
School
. . Senior High .. .
17 Dominggus R 2019 40 Asia School Cognitive Skills
. . Senior High .. .
18 Dominggus R 2019 40 Asia School Cognitive Skills
. . Senior High .. .
19 Popy Adekantari 2020 72 Asia School Cognitive Skills
20 Abd. Syakur 2020 65 Asia Higher School Cognitive Skills
. Senior High .. .
21 1 Wayan Santyasa 2020 62 Asia School Cognitive Skills
. Senior High .. .
22 1 Wayan Santyasa 2020 62 Asia School Cognitive Skills
Alfyananda . Senior High .\ .
23 K Putra 2021 72 Asia School Cognitive Skills
g4 AlfyanandaK. 2021 72 Asia Senior High Cognitive Skills
Putra School
25 IntanKartika Sari 2018 54 Asia Elementary Soft skills
School
26  Suherman 2020 59 Asia Middle School Cognitive Skills
27 Yarno 2022 130 Asia Middle School Cognitive Skills
28 Rizki Fitra 2024 40 Asia Senior High Cognitive Skills
School
Ahmad M. . . .
29 Mahasneh 2018 79 Eropa Higher School Cognitive Skills
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The meta-analysis in this study used a comparison of group contrast approach, which involves
one or more variables measured across two or more groups of respondents. Based on the
completion of literature coding, the calculation of effect sizes, including sample sizes, standard
deviations, and mean values, was performed by extracting relevant experimental data from the
literature.

The analysis in this study was conducted using the R program, which included: (1)
heterogeneity analysis to determine the model used in the analysis to compare effect sizes, (2)
calculating the summary effect, (3) calculating effect sizes using the Standardized Mean
Difference (SMD) since the data in this study do not have the same scale (Cheung, 2015), (4)
detecting publication bias using a funnel plot, Egger’s test, and fail-safe N (FSN) to estimate the
number of studies with non-significant results, and (5) moderator variable analysis to identify
sources of variation among effect sizes and differences among subgroups.

3. Result and Discussion

The meta-analysis in this study involved 20 pieces of documents with a total of 29 studies.
These documents were strictly selected to ensure they met the specified criteria. Based on the data
obtained, several analyses were conducted as follows:

Heterogeneity Test

The heterogeneity test was conducted to evaluate the extent to which the results from
individual studies combined in the meta-analysis varied more than expected. Heterogeneity
indicates systematic variation among studies, which can be caused by factors such as differences
in study populations, research designs, interventions, or outcome measurements (Mahasneh &
Alwan, 2018; Pan et al., 2023; Syakur et al., 2020). This study examined the suitability of the
model used in the analysis to compare effect sizes. The following are the results of the
heterogeneity test through the Q-Cochran statistic.

Table 2. Fixed and random effects of heterogeneity

Q df P
Omnibus Test of Model Coefficients 9.685 1 0.002
Test of Residual Heterogeneity 1000.65 28 <.001

Note. p -values are approximate.

Table 2, which is presented, shows two statistical tests related to heterogeneity, commonly
used in meta-analysis. The first test, the Omnibus test of Model Coefficients, has a Q statistic of
9.685 with 1 degree of freedom (df) and a p-value of 0.002. This test evaluates whether significant
heterogeneity exists in the overall model coefficients across different studies. A significant p-value
(0.002) indicates that the variation in effect sizes is not entirely due to random sampling error, but
significant heterogeneity exists in the model's coefficients.

The second test, the Test of Residual Heterogeneity, has a very large Q statistic of 1000.65
with 28 degrees of freedom and a very small p-value (less than 0.001). This test assesses whether
there is still unexplained heterogeneity after accounting for the factors in the model (Borenstein,
2009). This highly significant result suggests that although the model includes some predictors,
there remains substantial variability among the studies that the model cannot explain.

Overall, these results indicate significant heterogeneity in the model coefficients, and despite
accounting for some factors, there is still unexplained variability. Therefore, the Random Effect
model is more suitable for estimating the mean effect size of the 29 analyzed studies. This result
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also suggests the potential to investigate moderator variables that influence the relationship
between PjBL and student science achievements.

Summary Effect

The Summary Effect or Mean Effect Size is a measure summarized from the results of several
individual studies combined in a meta-analysis. Using this measure is important in meta-analysis
as it provides an overall measure of the investigated effect, facilitates the interpretation of results,
enhances statistical power, and provides a basis for further analysis (Retnawati et al., 2018). The
forest plot of the summary effect is shown in Figure 2.

Experimental Control Standardised Mean
Study Total Mean SD Total Mean sD Difference SMD 95%-Cl Weight
Dahlia N. Asri, 2018 71 6633 631 778773 41 —— -4.00 [-4.56;-3.44] 3.5%
Dahlia N. Asri, 2017 74 5884 T28 72 8306 567 = -3.69 [4.22,-319] 35%
Abd. Syakur, 2020 35 45008 2757 30 47667 1749 = -112 [-1.65,-0.59] 35%
Ai-Jou Pan, 2023 75 4912 2946 65 4899 2456 = 0.00 [-0.33; 0.34] 3.5%
Siti M. Farihatun, 2019 33 7984 756 33 7681 869 i 0.37 [0.12; 0.85] 35%
Myeong-Hee Shin, 2018 79 10242 823 79 9732 800 = 0.63 [0.31; 0.94] 3.5%
Yarno, 2022 66 67.05 508 64 6345 6.07 = H 0.64 [0.29; 0.99] 35%
Myeong-Hee Shin, 2018 79 10254 810 79 9685 751 = 072 [040; 1.09] 3.5%
Rizki Fitra, 2024 20 7938 846 200 7194 1012 —."— 078 [0.14; 143] 3.4%
Popy Adekantari, 2020 36 8033 795 36 7283 0965 —." 084 [038; 1.32] 35%
Isna A Mukhayyaroh, 2018 32 8000 518 32 7563 49 = 0.86 [0.34; 1.37] 3.5%
Suherman, 2020 29 4952 1252 30 3878 1054 _._ 092 [0.38; 1.46] 35%
Dominggus Rumahlatu, 2019 20 7033 2514 200 5011 1407 + 0.97 [0.31; 1.63] 34%
Alfyananda K. Putra, 2022 36 8330 649 36 7630 732 —.— 1.00 [051; 1.49] 35%
Dominggus Rumahlatu, 2019 20 6315 2305 20 4245 1365 —— 104 [038; 1.71] 34%
Ahmad M. Mahasneh, 2018 37 2118 449 42 1609 480 —.— 1.08 [0.61; 1.56] 35%
Wiki A priany, 2020 3% 8034 978 3% 6684 1285 —.— 147 [0.88; 1.66] 35%
Safaruddin, 2020 29 8633 417 30 7452 1159 — 133 [0.76; 1.90] 35%
Juwita Amalda, 2023 14 8193 088 14 6857 7.04 —— 151 [0.86; 2.37] 3.3%
Wekesa, N. Wafula, 2016 40 6631 1570 40 4113 1316 —- 172 [1.21; 224] 35%
Alfyananda K. Putra, 2021 36 8580 646 36 7310 722 —— 183 [1.28; 2.39] 35%
Wekesa, N. Wafula, 2016 40 71.02 1654 40 3988 1231 = = 212 [1.56; 2.67] 35%
Wekesa, N. Wafula, 2016 40 7273 1565 40 4250 11.88 — 215 [1.60; 2.71] 3.5%
Simegn Alemneh, 2024 47 6230 345 47 5398 362 - 234 [1.81; 2.87] 35%
Safaruddin, 2021 29 7805 335 30 6949 297 —— 267 [1.96; 3.39] 34%
Bojan D. Lazi¢, 2021 77 6934 179 700 6314 197 - 328 [278; 379 35%
|'Wayan Santyasa, 2020 30 5290 1550 32 1270 450 — 3563 [272; 434] 34%
I'Wayan Santyasa, 2020 30 4060 1030 32 1180 360 —— 373 [2.89; 45§ 34%
Intan K. Sari, 2018 26 8815 512 28 6835 327 —ll— 458 [354 562] 3.3%
Random effects model 1218 1212 e il 1.12 [0.46; 1.78] 100.0%
Heterogensity: [ =97% « =23.1852, p €001 T T T !
-4 2 0 2 4

Figure 2. Forest plot of summary effect

The results of the meta-analysis using the random effects model (SMD) show that the
average effect size from the 29 studies i1s 1.12 (p < 0.01) with a 95% confidence interval
(CD ranging from 0.46 to 1.78, which falls into the very high effect size category. The
effect sizes from these studies indicate that the impact of PjBL on student science
achievements varies, ranging from -4.00 to 4.58. Further analysis was conducted, and the
results are presented in Table 3.

Table 3. The result of the summary effect

95% Confidence Interval
Estimate Standard Error z P Lower Upper
Intercept 1.124 0.328 3.34 0.0008 0.464 1.784

The data in Table 3 shows that the estimated value and z-value obtained are 1.124 and 3.34,
respectively. Meanwhile, the obtained p-value is 0.0008 or smaller than the specified significant
level of 0.05. Because p-value < 0.05, it can be concluded that the Random Effect model used in
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this study shows a significant correlation between PjBL and student acience achievemnts. The
effect of PjBL on science achievements is in the moderate category (re, = 0.328) (Cohen, 1988).

Publication Bias Evaluation

A good meta-analysis study is a study that does not have publication bias issues. In this case,
publication bias can be identified through the funnel plot formed by the standard error and
standardized mean difference (SMD). An asymmetrical funnel plot indicates no publication bias.
Figure 3 is the funnel plot from the results of this study.

o
S
g _
ap
S o _| ¢ e
m © e
° e 2 ®
E o | e°® ® % ® ‘e @°
c o
T g
»n @
<
=3 ®
@ @
o
2
®
I I I \ \
-4 -2 0 2 4
Standardised Mean Difference

Figure 3. The Funnel Plot of publication bias

The Funnel Plot of Publication Bias Figure 3 shows that the data distribution in the funnel
plot makes it difficult to conclude whether it is symmetrical or not. Therefore, it is necessary to
perform the Egger test to examine the symmetry of the data further. The following are the results
of the Egger test performed in Table 4.

Table 4. Regression test for Funnel plot asymmetry

z P
sel 6.4541 0.1172

Table 4 shows that the obtained p-value is 0.1172 and the z-value is 6.4541. This p-value is
greater than the significance level of 0.05 (0.1172 > 0.05). If p-value > 0.05, the funnel plot is said
to be symmetrical. This means there is no publication bias issue in the meta-analysis study
conducted. To strengthen this argument, the Fail-Safe N test is performed.

Table 5. The Result of Fail-Safe N

Fail-safe N Target Significance Observed Significance
Rosenthal 3983 0.05 <.001

Table 5 provides information that there are 3,983 studies suspected of being biased or not
conducting studies properly, so these studies are not reported or published. Since k = 29, then 5k
+ 10 = 5(29) + 10 = 155. The obtained Fail-safe N value is 3,983, with a significant target of 0.05
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and p < 0.001. Since the Fail-safe N value > 5K + 10, it can be concluded that there is no
publication bias issue in the meta-analysis study conducted.

Moderator Variable Analysis

The moderator variable is a variable that influences the direction or strength of the
relationship between the independent variable (PjBL) and the dependent variable
(student science achievements). In the context of meta-analysis, the moderator variable is
used to identify and explain differences in results from various studies analyzed (Lazi¢ et
al., 2021; Novarianing Asri et al., 2017; Retnawati et al., 2018). This study's moderator
variables include grade level category, learning skill, continent, and sample size. The
following are the results of the forest plot of the moderator variables in Figure 4.

Number of Interaction
Subgroup Studies P-value Standardised Mean Difference SMD 95%-Cl
Senior High School 13 0.18 —H— 1.42 [0.81;2.02]
Elementary School 7 - 2.01 [0.93; 3.09]
Middle School 7 4%— -0.02 [-2.00; 1.96]
Higher School 2 # -0.02 [-2.17; 2.14]
Kognitif Skills 25 0.25 —=— 0.97 [0.26; 1.67]
Soft skills 4 ——B— 2.10 [0.30; 3.91]
Asia 23 <0.01 = 0.87 [0.08; 1.65]
Africa 5 —— 2.33 [1.81;2.85]
Eropa 1 —&— 1.08 [0.61; 1.56]
Small 22 0.17 - 1.47 [0.96; 1.98]
Big 7 & -0.01 [-2.08; 2.06]
Random effects model —_ 1.12 [ 0.46; 1.78]
Heterogeneity: I° = 59%, 1* = 0.2073, p < 0.01
-2 0 2

Figure 4. Forest plot of the moderator variable

The first moderator variable observed is the grade level, consisting of elementary school,
middle school, senior high school, and higher school. The analysis results on the forest plot show
that elementary school and senior high school have significant effect sizes (2.01 and 1.42). In
contrast, middle school and high school have insignificant effect sizes of 0.02. However, the p-
value for this moderator variable is 0.18 (p-value > 0.05), so it can be concluded that there is no
difference in the relationship between PjBL and learning skills regarding grade level type. The
relationship between PjBL and learning is found to be strongest in studies at the elementary
school level (rx = 2.01).

The second moderator variable observed is learning skills, consisting of cognitive skills and
soft skills. The results of the analysis show that PjBL with soft skills has a stronger relationship
(2.10) compared to cognitive skills (0.97). Meanwhile, the p-value for this moderator variable is
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0.25 (p-value > 0.05), so it can be concluded that there is no difference in the relationship
between PjBL and student science achievements regarding learning skill type.

The third moderator variable observed is based on the region or continent: Asia, Africa, and
Europe. The results on the forest plot show that the African continent has the most significant
effect size (2.33), while the Asian and European continents have effect sizes of 0.87 and 1.08,
respectively. The p-value for this variable is < 0.01 (p-value < 0.05), so it can be concluded that
there is a difference in the relationship between PjBL and learning skills in terms of region type.
The relationship between PjBL and learning skills is strongest in Africa.

The last moderator variable observed is the sample size. The results on the forest plot show
that small samples have a more significant effect size (1.47) compared to big samples (-0.01). The
p-value for this variable is 0.17 (p-value > 0.05). Therefore, it can be concluded that there is no
difference in the relationship between PjBL and learning skills (student science achievements) in
terms of sample size.

The meta-analysis conducted on the impact of Project-Based Learning (PjBL) on students'
science achievements reveals significant insights into the effectiveness of this pedagogical
approach. This study aggregated data from various research papers spanning from 2016 to 2024,
focusing on different educational contexts, including diverse geographical locations, academic
levels, and learning skills.

The meta-analysis demonstrated that PjBL positively influences student science achievements
(learning skills), with an average effect size of 1.12. This indicates a high level of effectiveness,
suggesting that students engaged in PjBL have better learning outcomes than traditional teaching
methods. The significant p-value (p < 0.001) further reinforces the reliability of these findings.
Several studies have also confirmed that PjBL is effective in improving academic achievement in
various subjects across different school settings, enhancing students' science process skills, and
enhancing overall student learning outcomes (Kong et al., 2024; Lee et al., 2024; Vasset &
Sundal, 2024).

The heterogeneity test indicated substantial variability among the studies, justifying the use of
a random-effects model. This variability can be attributed to differences in study designs,
implementation contexts, and student demographics (Amalda et al.,, 2023; Arief &
Mukhayyaroh, 2018; Zhang & Ma, 2023). The random-effects model's suitability highlights the
diverse nature of PjBL's impact across different settings.

The analysis identified several moderating variables that influence the relationship between
PjBL and student science achievement: 1) grade level, the effectiveness of PjBL varies by
educational level, with elementary and senior high school students showing the most significant
gains. This could be due to students' different cognitive and developmental stages at these levels,
making PjBL particularly effective in engaging younger learners and preparing older students for
complex problem-solving (Adekantari et al., 2020; Goyal et al., 2022b; Shin, 2018); 2) learning
skills, PjBL has a stronger impact on soft skills compared to cognitive skills. This aligns with the
nature of PjBL, which emphasizes collaboration, communication, and critical thinking
components of soft skills development (Fitra et al., 2024; Safaruddin et al., 2020); 3) geographical
location, the impact of PjBL was found to be most pronounced in Africa, followed by Europe
and Asia. This geographical variation might reflect differences in educational infrastructure,
teacher training, and curriculum integration of PjBL (Farihatun, Siti, 2019; Wafula & Odhiambo,
2016; Suherman et al., 2020); 4) sample size, smaller sample sizes showed a more significant
effect size, which could be due to the intensive nature of PjBL requiring close teacher-student
interaction, often more feasible in smaller groups (Apriany et al., 2020; Marnewick, 2023; Yu,
2024).

Some of the above findings can have implications for implementing PjBL in Indonesian
education. Educators and policymakers should consider integrating PjBL into curricula across
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various grade levels, particularly focusing on its implementation in elementary and senior high
schools where it has shown significant benefits (Noah Wafula & Raphael Odhiambo, 2016).
Emphasizing project-based approaches in curriculum design can enhance student engagement
and foster essential 21st-century skills. Furthermore, regarding teacher training, given the
variability in PjBL's effectiveness, there is a need for targeted teacher training programs (Ling et
al., 2024; Wang, 2023). These programs should equip educators with the skills to design and
facilitate effective PjBL experiences, tailored to different educational contexts and student needs.
The pronounced impact of PjBL in resource-constrained environments, such as in many African
contexts, underscores the importance of providing adequate resources and support to implement
PjBL (Gao et al., 2024; Goyal et al., 2022a). This includes access to materials, technological
tools, and professional development opportunities for teachers. The findings highlight the need
for continued research, particularly in diverse and under-researched contexts. Future studies
should explore how PjBL can be adapted to different educational environments and its long-term
impact on various student science achievements.

Conclusion the meta-analysis affirms the effectiveness of Project-Based Learning in enhancing
student science achievements across different contexts. By fostering active and integrative
learning experiences, PjBL equips students with the necessary skills to succeed in an increasingly
complex and interconnected world. The study's findings provide a robust foundation for
educators, policymakers, and researchers to develop and implement PjBL strategies further,
ensuring that students are well-prepared for future challenges.

4. Conclusion

The meta-analysis affirms the effectiveness of Project-Based Learning in enhancing student
science achievements across different contexts. By fostering active and integrative learning
experiences, PjBL equips students with the necessary skills to succeed in an increasingly complex
and interconnected world. The study's findings provide a robust foundation for educators,
policymakers, and researchers to develop and implement PjBL strategies further, ensuring that
students are well-prepared for future challenges.
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