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Abstract: In an effort to achieve the development of students' critical
- thinking skills in elementary school science learning, various
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Published: June 16, 2025 This type of research is a quantitative meta-analysis study. The meta-
analysis study aims to determine how big the effect of the PjBL
model is on students' critical thinking skills in elementary school
science learning? The collection of articles using the publish or

Keywords: perish application with the keywords project based learning model,
Creativity, critical thinking, elementary school science learning as many as 200
Critical Thinking, articles and 12 theses. Articles that meet the inclusion criteria are
Elementary Science Learning, analyzed by calculating the effect size of each journal and thesis. The
Meta-analysis, average effect size analysis of 0.59 is in the moderate category. The
PjBL. PiBL model has an effect on elementary school students' critical

thinking skills with r RE = 0.59 in the moderate category. This shows

that the application of the PjBL model has an effect on students'

*Correspondence Author: critical thinking skills in elementary school science learning. PjBL-

ronataulasari@bunghatta.ac.id  pased science learning allows students to apply and develop theories,
skills, and techniques to solve problems. PjBL enriches students'
learning experiences and knowledge, providing more meaningful
education in innovative learning.

INTRODUCTION

Critical thinking ability is one of the important skills that today's students must
master. Critical thinking skills as life skills so that students are able to survive and adapt
to future situations and are sensitive to the surrounding environment (Afandi et al., 2019;
Bellaera et al., 2021). In line with Latif (2019) that it is difficult for individuals to
compete in the global world unless they have sufficient critical thinking. Critical thinking
skills are clear and rational thinking, including involvement in reflective and independent
thinking (Mohammadi et al., 2022; O'Reilly et al., 2022). Apart from that, Giocomazzi
(2022); Wale and Bishaw (2020) state that critical thinking is the ability to make
decisions through the stages of observation, analysis and problem solving. Critical
thinking is classified as a complex thinking process or generally a higher level thinking
process (Bunt & Gouws, 2020; Spector & Ma, 2019). This ability includes the ability to
analyze, evaluate and solve problems logically and systematically. In learning,
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developing critical thinking skills is one of the main focuses to create a generation that is
able to adapt to future changes and challenges. The application of critical thinking skills
in the learning process can be done by asking open questions that stimulate critical
thinking and student discussion. This can encourage students to explore complex ideas
and develop reasoned arguments. In addition, Yazidi, (2023) developing students' critical
thinking skills in the learning process can be done with simple experiments that require
students to make hypotheses, observe results and evaluate their predictions.

Natural Science learning in elementary school has a strategic role in developing
critical thinking skills because of its emphasis on exploration, experimentation and
scientific discovery. In an effort to achieve this goal, various innovative learning models
can be used, one of which is the Project Based Learning (PjBL) model. The PjBL model
is a learner-centered learning approach that provides opportunities to study challenging
problems, engage in ongoing inquiry, find answers to authentic questions, help select
projects, reflect on processes, critique and revise work, and create products and public
views (Grossman et al., 2019). PjBL learning is a learning method that can improve
critical thinking skills through completing a series of complex tasks containing situations
and practical life problems (Chiu, 2020; Issa, 2021). By engaging students in real-world
projects, PjBL fosters active learning and deep understanding. Where, students can
organize learning activities and group discussions through the process of searching for
information, designing projects and presenting the results of completed projects (Chen, et
al., 2019; Almulla, 2020). The PjBL model involves students to actively construct
knowledge that is not transmitted directly by the teacher (Guo et al., 2020; Rio et al.,
2022). Therefore, the complexity of the project should be aligned with the developmental
stage of the students, allowing them to tackle challenges that are appropriately
challenging yet achievable (Ashari & Donglin, 2024).

The PjBL model has been proven to significantly increase student learning
independence in a variety of educational settings. Studies have shown that implementing
the PjBL model, such as through herbarium projects or digital science teaching materials,
can effectively increase student independence in learning (Haryani, 2023; Purnomo,
2022). By involving students in hands-on projects and collaborative activities, PjBL
encourages autonomy, critical thinking skills, and active participation in the learning
process. Additionally, integrating technology tools such as Canva, Google Classroom,
and Zoom into PjBL further increases student creativity and independent learning,
ultimately leading to a deeper understanding of the subject matter and improved overall
learning outcomes (Ricka, 2023; Haryani, 2023). These findings underscore the
importance of utilizing innovative teaching approaches such as PjBL to encourage
student independence and the development of students' critical thinking skills. Teachers
have an important role in the implementation of PjBL, where teachers encourage
independent learning by students. Teachers act as facilitators, mentors and motivators,
guiding students through real-world projects that enhance critical thinking and
collaboration skills. To optimise this role, teachers can use strategies such as open-ended
questions and experiments. However, in implementing PjBL teachers face challenges of
time, curriculum alignment, and limited resources (Damayanti, 2023).
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Consistently the results of research that have been conducted show positive
results when applying the PjBL model in various educational contexts. Research
conducted by Sumarna and Rushiana (2023), Nofiarida (2023), all highlights increasing
students' critical thinking abilities through implementing the PjBL model. These studies
show that PjBL not only improves critical thinking skills but also fosters students'
independence, creativity and problem-solving abilities. Apart from that, the results of
research conducted by Barak (2021) show that the PjBL model has a positive effect on
students' critical and innovative thinking abilities. Ruslan (2021) stated that the PjBL
model was successful in supporting the improvement of students' critical and social
thinking skills. The successful application of the PjBL model in improving students’
critical thinking skills is influenced by several factors (1) teacher competence in
designing projects and facilitating learning effectively, (2) student motivation and
independence in the learning process, (3) real problem-based project design with a clear
structure (4) support for facilities and a conducive learning environment, and (5) an
assessment system that focuses on the critical thinking process (Rio et al., 2022). The
synergy between these factors will create meaningful learning for the development of
students’ higher order thinking skills. Based on studies that have been conducted, the
PjBL model has shown significant effectiveness in improving elementary school
students' critical thinking skills.

By involving students in real-life problem-solving scenarios and encouraging
active participation in the learning process, PjBL has proven to be a valuable approach
for developing critical thinking skills in elementary school students. In addition,
Mochammad Amirudin (2023) emphasized that the characteristics of PjBL are in line
with students' needs to think critically and creatively in applying the concepts learned,
which ultimately leads to improved learning outcomes. Therefore, by looking at various
research results that have implemented PjBL, it is necessary to study how effective
innovative learning models are in improving students' critical thinking abilities. Meta-
analysis was carried out to look at the quantitative research findings of several studies
that have been conducted on students' critical thinking abilities. By knowing the
influence of PjBL in improving critical thinking skills, it is hoped that it will be useful
for practitioners in the field of education to consider implementing project-based learning
models in their learning. With meta-analysis, this research seeks to answer the research
question "How is the influence of project-based learning in supporting primary school
students' critical thinking abilities in science learning?

METHOD

This type of research is quantitative meta-analysis research. Metaanalysis is used
to combine, review, and summarize the findings of two or more studies. By using
metaanalysis, various questions can be investigated based on data collected from
previous research publications (Asrizal, 2023). Meta-analysis is a systematic research
method that combines the results of multiple empirical studies to produce a
comprehensive and objective synthesis. This technique allows researchers to identify
patterns, consistencies, or disparities in the literature, while increasing statistical power
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by combining larger samples. By using a quantitative approach, meta-analysis can
provide more precise estimates of effects and evaluate the influence of moderator
variables. In academic contexts, meta-analysis is recognized as the gold standard for
literature reviews because of its ability to minimize bias and produce more valid
conclusions. Its applications span a wide range of disciplines, from medicine to
psychology to the social sciences, making it an invaluable tool in evidence-based
decision making. The meta-analysis steps can be seen in Figure 1.

Literatur
Selection

Research Inclusin Literatur
Problem Criteria Search

Interpretation
and Report

Data Analisis

Data Coding

Figure 1. Meta-analysis steps (Modified by Retnawati, 2018)

This research method uses the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-analyses) (Page & Moher, 2017). Collecting articles using
the publish or perish application with the keywords project based learning model, critical
thinking, elementary school science learning. The use of PoP applications plays an
important role in providing practical and efficient value, because through this
application, various article choices will be directly provided that have been adjusted to
the search characteristics. Article searches carried out since March 2024 resulted in 200
scientific articles and 12 theses. Next, articles were selected to be reviewed by
determining the inclusion and exclusion criteria, in Table 1. There were 15 articles that
met the inclusion criteria to be used as samples.

Table 1. Inclusion and Exclusion Criteria established in the study
Exclusion Criteria 1. Types of Development Research and PTK
Abstract is incomplete
Research subjects at junior and senior high school levels

Acrticles published in 2020 — 2024

Research topics in elementary science

PjBL model type

Experimental — Quasi Experimental Method

Critical thinking abilities of elementary school students

Inclusion Criteria

arwdDE W

The instrument used in this research was an observation sheet. Observation is a
method of systematically collecting data through observing and recording symptoms that
appear in the research object, in this case a sample article (Sari, 2024). The observation
sheet used in the research is in the form of a check list, which contains information from
the articles being analyzed regarding year of publication, subject, subjects, pretest and
posttest scores, number of samples. in the study used. This observation sheet is used to
determine the achievement of each component that the researcher wants to carry out a
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meta-analysis regarding the influence of the PjBL model on critical thinking abilities in
elementary school science.

The data analysis technique used is calculating the effect value size of each study.
Effect size is a measure of the quantity of a research result to determine the correlation or
difference between research variables. Effect size statistics produce statistical
standardization of research findings so that the resulting numerical values can be
interpreted consistently across all variables and measures involved (Riopel et al., 2020 ;
Hillmayr et al., 2020) . The effect size calculation technique in each study was carried
out to see the influence of the PjBL model on elementary school students' science critical
thinking abilities. The way to find the effect size used in this research uses Cohen's
theory (Retnawati, 2018). Furthermore, the criteria for effect size values in this meta-
analysis can be seen in Table 2.

Table 2. Effect Size Value Category
Effect Size Categories
0.00 <ES<0.20 Small
0.20<ES<0.80  Medium
ES >0.80 Large

Additionally, an important thing to consider when conducting a meta-analysis is
checking for study bias (Smith et al., 2023 ; Schmid et al., 2023) . In research to check study bias
using funnel plots and the Rosenthal Fail Safe N test (Juandi et al., 2022 ; Diah et al., 2022) .

RESULT AND DISCUSSION

This meta-analysis method research aims to determine the effect of implementing
the PjBL model on students' critical thinking abilities in elementary school science
learning. This research analyzes the effect (Effect Size) resulting from the PjBL model.
Effect size shows the influence between two variables, namely the independent variable
and the dependent variable. The independent variable examined in this study was the
Project-Based Learning (PjBL) model, an instructional approach centered on student-
driven inquiry, collaboration, and real-world problem-solving. Meanwhile, the dependent
variable was students' critical thinking abilities in science learning at the elementary
school level, measured through validated assessments evaluating skills such as analysis,
inference, evaluation, and decision-making. By focusing on this relationship, the study
aimed to empirically assess the impact of PjBL on fostering higher-order cognitive skills
in young learners, contributing to the growing body of research on innovative
pedagogical strategies in STEM education. By examining this causal relationship, the
study sought to empirically evaluate the efficacy of Project-Based Learning (PjBL) in
enhancing higher-order cognitive skills such as analysis, synthesis, and evaluative
reasoning among elementary school students. Grounded in constructivist learning theory,
this investigation not only quantified the effects of PjBL on critical thinking but also
explored contextual factors influencing its implementation in science classrooms. The
findings contribute to the expanding literature on active learning methodologies in STEM
education, offering evidence-based recommendations for curriculum design and

International Journal of education and Teaching Zone. Volume 4 (Issue 2): 16-06 (2025) | (IJETZ) P 186
age



The Effect of Project-Based Learning on Critical Thinking Skills... | Rona Taula Sari, Festiyed, Yerimadesi

instructional practices tailored to young learners’ developmental needs. Furthermore, this
research addresses a critical gap in understanding how student-centered pedagogies can
systematically cultivate 21st-century skills in early science education, thereby informing
policy and teacher training initiatives. The findings are expected to provide evidence-
based insights for educators and curriculum developers seeking to enhance scientific
literacy and critical thinking in early education.. This research analyzes 15 articles that
have been published in nationally accredited journals. This article was obtained with the
help of publish or perish which was published from 2020-2024. The articles obtained
were analyzed using JASP. Based on the inclusion criteria of the 15 articles that were
analyzed, the effect size and standard error for each study were obtained which can be
seen in Table 3.

Table 3. Effect Sizes and Standard Errors from 15 Studies

No Study Name Year Effect Size Standard Error
1 study 1 2024 0.5 0.24
2 study 2 2024 1.36 0.2
3 study 3 2024 0.48 0.24
4 study 4 2023 0.4 0.21
5 study 5 2023 0.36 0.29
6 study 6 2023 1.1 0.24
7 study 7 2023 0.28 0.19
8 study 8 2023 0.85 0.21
9 study 9 2023 0.44 0.2
10 study 10 2023 0.57 0.21
11 study 11 2023 0.49 0.24
12 study 12 2022 0.25 0.24
13 study 13 2020 0.54 0.17
14 study 14 2020 0.28 0.24
15 study 15 2020 0.88 0.24

Average 0.59 0.22

From table 3 it can be seen that the effect size value of the 15 articles analyzed
ranged from 1.38 to 5.64 with an average effect size of 2.83/ The average standard error
was 0.22 with a standard error ranging from 0.17 to 0.29. Based on Cohen's effect size
category, there are four studies in the large category (27%) and eleven studies in the
medium category (73%). After that, heterogeneity was carried out and the estimation
model used to calculate the average effect size of the 15 articles was determined. The
results of the heterogeneity test and determination of the estimation model using the
random fixed model can be seen in table 4 .

Table 4. Heterogeneous Random and Fixed Model Results

Q Df P
Omnibus test of Model Coefficients 48,019 1 <.001
Test of Residual Heterogeneity 31,295 14 0.005

Table 4 explains the results of the heterogeneity test, obtained a Q value of
31.295 which is greater than the value of 48.019 and a p value <0.001. These findings
conclude that the analyzed effect sizes are heterogeneously distributed. The random
effects model was effective for analyzing the average effect size of the 15 articles
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included in the meta-analysis. The next step was to examine the publication bias of the
15 articles included in the meta-analysis. Checking publication bias in meta-analysis with
funnel plots and Rosenthal Fail Safe N (Bernard et al., 2014 ; Suryono et al., 2023 ; Li &
Wang, 2023 ; Juandi et al., 2021) . The results of the study bias can be seen in Figure 2.

Forest Plot Funnel Plot

0
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Figure 2. Funnel Plot Standard Error

Based on the funnel plot analysis in Figure 2, it shows that the data distribution in
the funnel plot is symmetrical. To confirm this, a Rosental test was carried out as shown
in Table 5. The table shows that there is no data that needs to be trimmed, which means
the data distribution in the funnel plot is symmetrical (Li & Wang, 2023 ; Juandi et al.,
2021).

Table 5. Rosenthal Fail Safe N
Fail-safe N Target Significance Observed Significance
Rosenthal 581,000 0.050 <.001

Table 5 shows the results of the Rosenthal fail safe N test of 581,000 with a sig value.
0.050 and p < 0.00 1 . The Rosenthal fail safe value is compared with the value k = 15 or k = 5k
+ 10 = 85, so the Rosenthal fail safe value N > 5k + 10 means that in the analysis of the 15
articles included in the meta analysis data no publication bias was found. Next, calculate the
average effect size value to test the hypothesis. The results of the mean effect size test can be
seen in Table 6.

Table 6. The results of the mean effect size test
95% Confidence Interval

Estimate Standard Error z P Lower Upper
intercept 0.590 0.085 6,930 <=.001 0.423 0.757

Based on table 6, it is known that the effect size value with the random effect
model was obtained ( r re = 0.590 ; SE = 0.085; z = 6.930; p < 0.001). This shows that
the application of the project based learning (PjBL) model has a significant effect on
students' critical thinking abilities in elementary school science learning. At the 95%
confidence level with a lower limit value of 0.423 and an upper limit of 0.757. The
influence of the PjBL model on students’ critical thinking abilities in elementary school
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science learning is included in the medium category ( r re = 0.590). Therefore, the
application of the project based learning (PjBL) model influences students' critical
thinking abilities in elementary school science learning.

This meta-analysis was carried out to see the influence of the PjBL model on
students' critical thinking skills in elementary school science learning obtained from 15
articles in the database for the last 3 years. Based on the results of the analysis, the
average effect size obtained was 0.59 , which is in the medium category. This shows that
the PjBL model has an influence on students' critical thinking abilities in elementary
school science learning. This is in line with the results of Pratiwi's (2020) research that
the project-based learning model affects students' critical thinking abilities. Damailia's
(2023) research results state that the PjBL model improves students' critical thinking
skills and makes students more active, involves students in problem solving, increases
collaboration and develops students' communication skills.

The PjBL model has been proven to significantly improve elementary school
students' critical thinking skills in various subjects (Nadiyah, 2023). The research results
show that implementing PJBL leads to increased critical thinking skills, such as problem
solving, analyzing and evaluating situations to make the right decisions. This model not
only improves students' critical thinking but also encourages independence and creativity
in the learning process, fostering a deeper understanding of concepts and real-life
applications (Ricka, 2023; Haryani, 2023). Through the implementation of PJBL,
students are involved in hands-on activities, which stimulate cognitive processes and
enable them to explore various solutions to complex problems, which ultimately leads to
improved critical thinking skills and improved student learning outcomes.

In applying the PjBL model to measure students' critical thinking abilities,
teachers can use Ennis' critical thinking indicators. The critical thinking indicators that
Ennis has set are abbreviated as FRISCO ( Focus, Reason, Inference, Situation, Clarity,
and Overview), where Focus is the student's ability to understand the problems presented
by the teacher; Reasoning : students' ability to give reasons based on relevant facts in
making conclusions; Concluding (inference) students' ability to choose the right reasons
to make conclusions; Condition of students' abilities when using information according
to the problem. Identified five systematic indicators in critical thinking, namely
analytical skills, the main goal of which is to understand a concept. Synthesizing skills,
skills in combining parts into a new structure. Skills to recognize and solve problems,
these skills require students to understand reading critically so that after the reading
activity is finished students are able to grasp the main ideas of the reading. Conclusion
skills and evaluation skills (Perdana et al., 2020).

The characteristics of students' critical thinking abilities according to Beyer
consist of, (1) students have an open attitude; (2) critical thinking must have a criterion or
benchmark; (3) critical thinking skills including recognition, searching for information
and making assessments; (4) consideration; (5) students will view an event from various
points of view, and (6) procedures for applying critical thinking include formulating
problems, determining decisions to be taken (Hasanuddin, 2017). Students' critical
thinking abilities are developed through learning activities at school so that students can
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reflect on their own thinking and can apply previous knowledge with newly acquired
knowledge. Based on the opinion above, students' critical thinking abilities have several
indicators, namely (1) students have the ability to analyze a given problem; (2) students
are able to combine things into new arrangements; (3) students are able to recognize and
solve the problems they face; (4) students are able to conclude a problem they are facing,
and (5) students are able to evaluate a problem.

CONCLUSION
This research provides clear and precise information that the PjBL Model

influences elementary school students' critical thinking abilities in science learning.
Science learning is learning that can develop critical, logical and creative thinking skills .
This meta analysis was carried out to see the effect of using the PjBL model on
elementary students' critical thinking abilities in science learning obtained from 15
articles in the database for the last 3 years. Based on the results of the analysis, the
average effect size obtained was 0.59 , which is in the medium category. This shows that
the PjBL model can improve students' critical thinking skills in elementary school
science learning. Science learning in elementary schools provides a meaningful learning
experience because in developing potential, students are given direct experience with
nature in a systematic manner. Project-based learning is designed to be used on complex
problems that require students to investigate and understand them. Considering that each
student has a different learning style , project-based learning provides students with the
opportunity to explore content (material) using various methods that are meaningful to
them, and carry out experiments collaboratively.

REFERENCES

Asrizal, A., Amanda, F. D., Aldilla, E., & Ulfa, J. (2023). Meta-analysis of the effect of
STEM based integrated science e-books on students' scientific literacy. Formatif:
Jurnal IImiah Pendidikan MIPA, 13(2).
https://journal.lppmunindra.ac.id/index.php/Formatif/article/view/15654

Ashari, Z. B. M., & Donglin, S. (2024). Project based learning on promoting children’s
critical thinking skills: A systematic review. International Journal of Academic
Research in Progressive Education and Development, 13(3).
https://doi.org/10.6007/ijarped/v13-i3/21732

Almulla, M. A. (2020). The effectiveness of the project-based learning (PBL) approach
as a way to engage students in learning. SAGE Open, 10(3).
https://doi.org/10.1177/2158244020938702

Afandi, Sajidan, Akhyar, M., & Suryani, N. (2019). Development frameworks of the
Indonesian partnership 21 st -century skills standards for prospective science
teachers: A delphi study. Jurnal Pendidikan IPA Indonesia, 8(1), 89-100.
https://doi.org/10.15294/jpii.v8i1.11647

Barak, M. & Yuan, S. 2021. A cultural perspective to project-based learning and the
cultivation of innovative thinking. Thinking Skills and Creativity, 39:23-29.
https://doi.org/10.1016/ j.tsc.2020.100766

International Journal of education and Teaching Zone. Volume 4 (Issue 2): 16-06 (2025) | (IJETZ) p 190
age


https://journal.lppmunindra.ac.id/index.php/Formatif/article/view/15654
https://doi.org/10.6007/ijarped/v13-i3/21732
https://doi.org/10.1177/2158244020938702
https://doi.org/10.15294/jpii.v8i1.11647
https://doi.org/10.1016/%20j.tsc.2020.100766

The Effect of Project-Based Learning on Critical Thinking Skills... | Rona Taula Sari, Festiyed, Yerimadesi

Bellaera, L., Weinstein-Jones, Y., lllie, S., & Baker. S.T. (2021). Critical thinking in
practice: The priorities and practices of instructors teaching in higher education.
Thinking Skills and Creativity, 41:1-16. https://doi.org/10.1016/j.tsc.2021.100856

Bernard, RM, Borokhovski, E., Schmid, RF, & Tamim, R. (2014). A meta-analysis of
blended learning and technology use in higher education: from the general to the
applied. J Comput High Educ 26, 87-122 (2014). https://doi.org/10.1007/s12528-
013-9077-3, 1-37. https://doi.org/10.1007/s12528-013-9077-3

Chiu, C.F. (2020). Facilitating K-12 teachers in creating apps by visual programming and
project-based learning. International Journal of Emerging Technologies in
Learning, 15(1):103-118. https://doi.org/10.3991/ijet.v15i01.11013

Chen, CH, & Yang, YC (2019). Revisiting the effects of project-based learning on
students’ academic achievement: A meta-analysis investigating moderators.
Educational Research Review, 26. https://doi.org/10.1016/j.edurev.2018.11.001

Damailia, E., & Pratiwi, I. (2022). The effect of the application of the project based
learning model on the critical thinking skills of grade V students in elementary
school Al-Washliyah percut. EJOES (Educational Journal of Elementary School),
3(3), 90-96. https://repository.umsu.ac.id/handle/123456789/19727

Damayanti, N. A. (2023). Peran guru dalam menentukan model pembelajaran berbasis
proyek (PjBL) di kelas rendah upaya untuk meningkatkan minat belajar peserta
didik di sekolah. Jurnal Pendidikan Guru Sekolah Dasar, 1(2), 14.
https://doi.org/10.47134/pgsd.v1i2.177

Ennis, R.H. (2011). The nature of critical thinking: an outline of critical thinking
disposicions and  abilities.  Conference on  Thinking, 6(2), 1-8.
https://doi.org/10.22329/il.v6i2.2729

EL Yazidi, R. (2023). Strategies for promoting critical thinking in the classroom.
International Journal of English, Literature and Social Science, 8(2), 026-040.
https://doi.org/10.22161/ijels.82.5

Grossman, P., Dean, C. G. P., Kavanagh, S. S., & Herrmann, Z. (2019). Preparing
teachers for project-based teaching. Phi Delta Kappan, 100(7), 43-48.
https://doi.org/10.1177/ 0031721719841338

Giacomazzi, M., Fontana, M., & Camilli Trujillo, C. (2022). Contextualization of critical
thinking in sub-Saharan Africa: A systematic integrative review. Thinking Skills
and Creativity, 43. https://doi.org/10.1016/j.tsc.2021.100978

Guo, P., Saab, N., Post, L.S., & Admiraal, W. (2020). A review of project-based learning
in higher education: Student outcomes and measures. International Journal of
Educational Research, 102, 1-13. https://doi.org/10.1016/j.ijer.2020.101586

Haryani. S., B., Isdaryanti. (2023). Science learning with the project based learning
(PjBL) model assisted by canva on the learning independence of fifth grade
students. International journal of research and review, 10 (6), 489-495,
http://doi.org/10.52403/ijrr.20230661

Hillmayr, D., Ziernwald, L., Reinhold, F., Hofer, SI, & Reiss, KM (2020). The potential
of digital tools to enhance mathematics and science learning in secondary schools:

(IJETZ) | International Journal of Education and Teaching Zone. Volume 4 (Issue 2): 16-06 (2025) P 191
age


https://doi.org/10.1016/j.tsc.2021.100856
https://doi.org/10.1007/s12528-013-9077-3
https://doi.org/10.3991/ijet.v15i01.11013
https://doi.org/10.1016/j.edurev.2018.11.001
https://repository.umsu.ac.id/handle/123456789/19727
https://doi.org/10.47134/pgsd.v1i2.177
https://doi.org/10.22329/il.v6i2.2729
https://doi.org/10.22161/ijels.82.5
https://doi.org/10.1177/%200031721719841338
https://doi.org/10.1016/j.tsc.2021.100978
https://doi.org/10.1016/j.ijer.2020.101586
http://doi.org/10.52403/ijrr.20230661

The Effect of Project-Based Learning on Critical Thinking Skills... | Rona Taula Sari, Festiyed, Yerimadesi

A context-specific meta-analysis. Computers & Education, 153, 103897.
https://doi.org/10.1016/j.compedu.2020.103897

Idris, H. (2023). Pengaruh penerapan model pembelajaran berbasis proyek terhadap
kemampuan berpikir kritis siswa pada mata pelajaran IPA kelas V SD inpres
lanraki 1 kecamatan tamalanrea kota makassar. Skripsi. https://I1ng.com/DPU6Y

Issa, H.B. & Khataibeh, A. (2021). The effect of using project based learning on
improving the critical thinking among upper basic students from teachers’
perspectives. Pegem  Egitim  ve  Ogretim  Dergisi, 11(2):52-57.
http://doi.org/10.14527/pegegog.2021.00

Juandi, D., Kusumah, YS, Tamur, M., Perbowo, KS, & Tanu, T. (2021). A meta-analysis
of geogebra software decade of assisted mathematics learning: what to learn and
where to go?. Heliyon, 7, e06953. https://doi.org/10.1016/j.heliyon.2021.e06953

Li, S., & Wang, W. (2022). Effect of blended learning on student performance in K-12
settings: A meta-analysis. Journal of Computer Assisted Learning, 38(5), 1254—
1272. https://doi.org/10.1111/jcal.12696

Latif, N. E. A., Yusuf, F. M., Tarmezi, N. M., Rosly, S. Z., & Zainuddin, Z. N. (2019).
The application of critical thinking in accounting education: A literature review.
International Journal of Higher Education, 8(3), 57-62.
https://doi.org/10.5430/ijhe.v8n3p57

Mohammadi, M., Abbasian, G. R., & Siyyari, M. (2022). Adaptation and validation of a
critical thinking scale to measure the 3D critical thinking ability of EFL readers.
Language Testing in Asia. 12 (24), https://doi.org/10.1186/s40468-022-00173-6

Nofiarida, N. (2023). Implementation of the project-based learning (PJBL) model as an
attempt to improve the third-grade students’critical thinking skills at SDN 004
rantau kopar. Primary: Jurnal Pendidikan Guru Sekolah Dasar, 12(2), 534-541.
https://primary.ejournal.unri.ac.id/index.php/JPEKIP/article/view/9674

O’Reilly, C., Devitt, A., & Hayes, N. (2022). Critical thinking in the preschool
classroom: A systematic literature review. Thinking Skills and Creativity, 46,
101110. https://doi.org/10.1016/j.tsc.2022.101110

Pratiwi, E. T., & Setyaningtyas, E. W. (2020). Kemampuan berpikir kritis siswa melalui
model pembelajaran problem based learning dan model pembelajaran project based
learning. Jurnal Basicedu, 4(2), 379-388.
https://doi.org/10.31004/basicedu.v4i2.362

Purnomo. A., Anita, Ekantini. (2023). Improving student learning independence towards
project-based learning model: a case study in making herbarium name card
products. 1JIET (International Journal of Indonesian Education and Teaching),
7(2), 271-282. https://doi.org/10.24071/ijiet.v7i2.6447

Page, M. J., & Moher, D. (2017). Evaluations of the uptake and impact of the preferred
reporting items for systematic reviews and meta-analyses (PRISMA) statement and
extensions: a scoping review. Systematic Reviews, 6 (1), 263.
https://doi.org/10.1186/s13643-017-0663-8

Riopel, M., Nenciovici, L., Potvin, P., Chastenay, P., Charland, P., Sarrasin, J. B., &
Masson, S. (2019). Impact of serious games on science learning achievement

International Journal of education and Teaching Zone. Volume 4 (Issue 2): 16-06 (2025) | (IJETZ) P 192
age


https://doi.org/10.1016/j.compedu.2020.103897
https://l1nq.com/DPU6Y
http://doi.org/10.14527/pegegog.2021.00
https://doi.org/10.1016/j.heliyon.2021.e06953
https://doi.org/10.1111/jcal.12696
https://doi.org/10.5430/ijhe.v8n3p57
https://doi.org/10.1186/s40468-022-00173-6
https://primary.ejournal.unri.ac.id/index.php/JPFKIP/article/view/9674
https://doi.org/10.1016/j.tsc.2022.101110
https://doi.org/10.31004/basicedu.v4i2.362
https://doi.org/10.24071/ijiet.v7i2.6447
https://doi.org/10.1186/s13643-017-0663-8

The Effect of Project-Based Learning on Critical Thinking Skills... | Rona Taula Sari, Festiyed, Yerimadesi

compared with more conventional instruction: an overview and a meta-analysis.
Studies in Science Education, 55(2), 169-214.
https://doi.org/10.1080/03057267.2019.1722420

Rio, T.G. & Rodriguez, J. (2022). Education for chemical engineers design and
assessment of a project-based learning in a laboratory for integrating knowledge
and improving engineering design skills. Education for Chemical Engineers,
40:17-28. https://doi.org/10.1016/j.ece.2022.04.002

Muskania, R. T., Maksum, A. ., & Astra, I. M. (2023). STEM-PjBL learning incorporates
local knowledge to improve science literacy. Cypriot Journal of Educational
Sciences, 18(2), 522-532. https://doi.org/10.18844/cjes.v18i2.8791

Sari, R.T., Angreni, S., Mohtar, L.E.M., Lufri, Asrizal, & Hardeli (2024). Meta-analysis
study: the influence of project based learning models on creativity and science
learning outcomes of elementary school students. Jurnal Pendidikan Sains
Indonesia (Indonesian Journal of Science Education), 12(3), 726-738.
https://doi.org/10.24815/jpsi.v12i3.38375

Schmid, R. F., Borokhovski, E., Bernard, R. M., Pickup, D. I., & Abrami, P. C. (2023). A
meta-analysis of online learning, blended learning, the flipped classroom and
classroom instruction for pre-service and in-service teachers. Computers &
Education Open, 5, Article 100142. https://doi.org/10.1016/j.cae0.2023.100142

Smith, L. A., Oakden-Rayner, L., Bird, A., Zeng, M., To, M. S., Mukherjee, S., &
Palmer, L. J. (2023). Machine learning and deep learning predictive models for
long-term prognosis in patients with chronic obstructive pulmonary disease: a
systematic review and meta-analysis. The Lancet. Digital health, 5(12), e872-e881.
https://doi.org/10.1016/S2589-7500(23)00177-2

Sugiyono. (2020). Metode Penelitian Pendidikan (Pendekatan Kuantitatif, Kualitatif, dan
R&D). Bandung: Alfabeta.

Sumarna, O., & Rushiana, R. A. (2023). PjBL model with the context of making liquid
organic fertilizer (LOF) from bamboo shoots to build students’ critical thinking
skills. Jurnal Penelitian Pendidikan IPA, 9(6), 4501-4507.
https://doi.org/10.29303/jppipa.v9i6.4285

Suparman, D. Juandi, & M. Tamur. (2021). Problem-based learning for mathematical
critical thinking skills: A meta-analysis. Journal of Hunan University (Natural
Sciences), 48(2), 133-144. https://jurnal.uns.ac.id/paedagogia/article/view/53981

Suparman, D. Juandi, & B. A. P. Martadiputra. (2021). Heterogeneity of students’
mathematical critical thinking ability re-viewed from education levels: A meta-
analysis, Paedagogia: Jurnal Penelitian Pendidikan, 24 (2), 126-143.
https://doi.org/10.20961/paedagogia.v24i1.53981

Suparman, M. Tamur, Yunita, T. T. Wijaya, & Syaharuddin. (2021). Using problem-
based learning to enhance mathematical abilities of primary school students: A
systematic review and meta-analysis, JTAM (Jurnal Teori dan Aplikasi
Matematika), (5)1, 144-161. https://doi.org/10.31764/jtam.v5i1.3806

Suryono, W., Haryanto, BB, Santosa, TA, Suharyat, Y., & Sappaile, Bl (2023). Pengaruh
Model Blended Learning Terhadap Keterampilan Berpikir Kritis Siswa : Meta-

(IJETZ) | International Journal of Education and Teaching Zone. Volume 4 (Issue 2): 16-06 (2025) p 193
age



https://doi.org/10.1080/03057267.2019.1722420
https://doi.org/10.1016/j.ece.2022.04.002
https://doi.org/10.18844/cjes.v18i2.8791
https://doi.org/10.24815/jpsi.v12i3.38375
https://psycnet.apa.org/doi/10.1016/j.caeo.2023.100142
https://doi.org/10.1016/S2589-7500(23)00177-2
https://doi.org/10.29303/jppipa.v9i6.4285
https://jurnal.uns.ac.id/paedagogia/article/view/53981
https://doi.org/10.20961/paedagogia.v24i1.53981
https://doi.org/10.31764/jtam.v5i1.3806

The Effect of Project-Based Learning on Critical Thinking Skills... | Rona Taula Sari, Festiyed, Yerimadesi

analisis. Edumaspul: Jurnal Pendidikan, 7 (1), 1386-1397.
https://doi.org/10.33487/edumaspul.v7i1.6087

Wale, B. D., & Bishaw, K. S. (2020). Effects of using inquiry-based learning on EFL
students’ critical thinking skills. Asian-Pacific Journal of Second and Foreign
Language Education, 5(1). https://doi.org/10.1186/s40862-020-00090-2

International Journal of education and Teaching Zone. Volume 4 (Issue 2): 16-06 (2025) | (IJETZ) P 104
age


https://doi.org/10.33487/edumaspul.v7i1.6087
https://doi.org/10.1186/s40862-020-00090-2

