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Abstract: This systematic literature review analyzes the implementation of Problem-
Based Learning (PBL) and Project-Based Learning (PjBL) models in Science and 
Mathematics education within Indonesia. Using the Systematic Literature Review 
(SLR) method guided by PRISMA guidelines, this study examined 21 articles from 
Sinta-accredited journals (2020-2025). The findings indicate that the PBL model is 
highly effective in enhancing students' critical thinking skills, problem-solving 
abilities, and cognitive learning outcomes. Conversely, the PjBL model demonstrates 
a more significant impact on fostering creativity, collaboration, and 21st-century 
skills. A synthesis of the results reveals that both models support active and 
contextual learning, aligning with the principles of Indonesia's Merdeka Curriculum 
and the Pancasila Student Profile. This study concludes that PBL and PjBL offer 
distinct yet complementary benefits. For optimal implementation, teacher training 
and contextual adaptation are crucial. The integration of these models presents a 
strategic approach to advancing Science and Mathematics education by developing a 
generation that is intellectually competent, innovative, and collaborative. 
 
Keywords: Merdeka Curriculum; Problem Based Learning; Project Based Learning; 
Science Education; Mathematics Education; Systematic Literature Review 

  

Introduction  
 
A paradigm shift in 21st century education has 

created a demand for competencies in Higher Order 
Thinking Skills (HOTS), creativity, communication, and 
collaboration. In this context, Science and Mathematics 
education plays a crucial role in fostering critical, 
innovative, and technologically adaptive individuals. 
The implementation of student-centered approaches, 
particularly Problem-Based Learning (PBL) and Project-
Based Learning (PjBL), is widely recognized as an 
effective means to develop these competencies, leading 
to their integration within frameworks like the Merdeka 
Curriculum (Paraniti et al., 2024). 

Problem Based Learning (PBL) is an instructional 
approach driven by open-ended, ill-structured problems 
that simulate real-world challenges. Based on 
constructivist principles, Problem-Based Learning (PBL) 
utilizes real-world, ill-structured problems as the initial 

stimulus and driver for student-directed inquiry and 
collaborative knowledge construction (Barrows, 1996; 
Hmelo-Silver, 2004). This pedagogy redefines the 
instructor's role from a knowledge transmitter to a 
facilitator who guides small groups of students as they 
actively identify their learning needs and strategies to 
solve complex problems. 

Problem-Based Learning (PBL) has been 
recognized as a highly effective pedagogical approach 
for fostering scientific creativity by engaging students in 
authentic, real-world problem-solving scenarios that 
mirror the processes of scientific inquiry. According to a 
recent meta-analysis by Pinar et al. (2025), PBL 
demonstrated a substantial positive impact on scientific 
creativity, with a large effect size (Hedges’ 𝑔 = 1.49), 
underscoring its role in promoting critical thinking, 
collaborative inquiry, and innovative solution design. 
By immersing learners in complex, interdisciplinary 
challenges, PBL not only enhances their ability to 
formulate hypotheses and conduct investigations but 
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also cultivates the flexible and original thinking essential 
for addressing modern scientific and technological 
problems (Pinar et al., 2025). Research in Indonesia 
supports the effectiveness of both models. Fetriani  et al. 
(2025) found that the implementation of PBL at SDN 3 
Muara Belit improved student science learning 
outcomes by 48%. Kurniawan (2023) also reported an 
enhancement in student’s conceptual understanding of 
mathematics through PBL. Meanwhile Farhin et al. 
(2023) demonstrated that PjBL increased elementary 
school student’s creativity in science learning. 

PjBL in an innovative student-centered learning 
approach that engages student in authentic and 
meaningful project to develop problem solving, critical 
thinking and collaboration skills. Grounded in 
constructivist theory, it enables student to actively 
construct knowledge by connecting subject matter with 
real world contexts (Bell, 2010 ; Almulla, 2020). This 
approach not only enchances conceptual understanding 
but also foster essential 21st century skill for preparing 
student to face future challenges. 

In the context of Science and Mathematics 
education, PjBL has proven effective in improving 
student learning outcomes. A study by Güley & 
Keskinklıç (2024) showed that a PjBL based science 
program significantly enhanced early childhood 
problem solving skill, with lasting effects. Meanwhile, 
research by Susanto et al. (2020) confirmed that PjBL in 
Mathematics not only improved collaborative and 
critical thinking skill but also fostered a more positive 
attitude towards the subject, ultimately encouraging 
deeper learning engagement. 

Among the most prominent are Problem-Based 
Learning (PBL) and Project-Based Learning (PjBL), 
which are often promoted within national curricula like 
the Merdeka Curriculum for their student-centered and 
problem-solving nature (Paraniti et al., 2024). Empirical 
evidence underscores the effectiveness of the PBL 
model; for instance, a study by Arfani and Setyasto 
(2025) demonstrated that a video-assisted PBL model 
significantly improved students' problem-solving 
abilities in physics compared to conventional methods. 
Concurrently, the integration of PjBL with digital tools 
is also gaining traction, as highlighted in a review by 
Doyan et al. (2025), which identifies PjBL as a key model 
for improving generic science skills through technology-
enhanced learning like interactive web media. However, 
despite their recognized potential, the implementation 
of both PBL and PjBL in real-world classroom settings 
often encounters obstacles, including difficulties for 
teachers in designing core activities, conducting 
diagnostic assessments, and managing time effectively 
(Paraniti et al., 2024).  

Furthermore, several empirical studies on the 
implementation of innovative learning models such as 

PBL and PjBL show a significant impact on improving 
students' 21st-century skills. Research by Hikmawati 
(2022) demonstrated that PjBL integrated with scientific 
article analysis methods successfully improved student 
learning outcomes with an N-gain value in the medium 
category, while a study by Wahyudiati and Qurniati 
(2022) revealed that PjBL not only enhanced critical 
thinking skills but also the self-efficacy of pre-service 
chemistry teachers with a contribution of 35%. These 
findings indicate the great potential of both models in 
creating contextual and impactful learning, thus 
requiring more systematic review to provide an 
evidence-based map for science and mathematics 
educators and researchers in Indonesia. 

Similar finding were revealed by Farhin et al (2023), 
who investigated local project based PjBL and found a 
significant increase in students creative thinking 
abilities. However, several studies also indicate 
constraints in its implementation. Indarwati et al. (2014) 
reported that teacher still face difficulties in time 
management and developing PBL scenarios that are 
relevant to the student’s context. Therefore, this study 
conducts a systematic review of the implementation of 
PBL and PjBL in Indonesia to map the trends, 
effectiveness as well as the obstacles and supporting 
factor for the application of both models in the context 
of Science and Mathematics learning. 
 

Method  
 

This study employs the Systematics Literature 
Review (SLR) method, guided by the preferred 
reporting items for systematics review and meta-
analyses (PRISMA) guidelines. This approach was 
selected to obtain a comprehensive overview of the 
implementation of PBL and PjBL models in Science and 
Mathematics education from 2020 to 2025. 

The first stage was data source identification. 
Articles were gathered from various academic portals 
such as Google Scholar, springer and SINTA (Science 
and Technology Index). The keywords used included 
"Problem Based Learning," "Project Based Learning," 
"MIPA," "Mathematics," "Science," and "Merdeka 
Curiculum" The initial search yielded 85 scientific 
articles. 

The second stage was initial screening, which 
involved reviewing titles and abstracts to ensure 
relevance to the topic. Articles that were not relevant to 
the Science and Mathematics learning context, did not 
utilize PBL or PJBL models, or were published outside 
the 2020-2025 period were excluded. This initial 
screening process resulted in 45 articles. 

The third stage was the feasibility assessment. 
Articles were verified based on methodological clarity, 
journal accreditation status, and full-text availability. As 
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a result, 28 articles were deemed to meet the eligibility 
criteria. 

The fourth stage, data inclusivity, involved a final 
selection of 21 articles that fully met all the criteria. The 
articles utilized originated from various educational 
levels, ranging from elementary school to higher 
education, and encompassed diverse methodologies 
such as Classroom Action Research (CAR), 
experimental, quasi-experimental, and mixed-methods 
studies. 

Subsequently, a process of data extraction and 
coding was conducted. Data extracted from each article 
included the author, year, title, educational level, 
learning model, research findings, and 
recommendations. This data was then categorized into 
four main themes: improvement of learning outcomes, 
development of critical thinking skills, creativity and 
innovation, and 21st century skills such as collaboration 
and communication. 

The final stage involved thematic analysis and 
synthesis of the findings. The analysis was performed by 
identifying patterns of convergence and divergence 
across the studies, there by yielding a deeper 
understanding of the effectiveness and challenges of 
implementing both models. A thematic synthesis 
approach was employed to integrate the findings 
narratively, enabling the formulation of relevant 
recommendations for Science and Mathematics 
education in Indonesia. 

 
Figure 1. Flowchart of Article Selection Process in the 

Systematic Literature review 

 

Result and Discussion 
 
Analysis of the 21 articles reveals that the 

implementation of both PBL and PjBL models has a 
broad positive impact on Science and Mathematics 
education across various educational levels. These 
findings indicate that both inquiry-based learning 
approaches have been widely adopted and researched, 
with each offering unique contributions to enhancing 
the quality of the learning process and student 
outcomes. 

The implementation of PBL has been proven to 
enhance critical thinking skills and cognitive learning 
outcomes. Manuaba et al. (2024) reported significant 
improvements in analytical abilities. A similar finding 
was reported by Novianti et al. (2020), who observed a 
rise of up to 30% in elementary school students' learning 
engagement following PBL implementation. Further 
strengthening this evidence, research by Wajdi et al. 
(2022) demonstrated that contextually-based PBL was 
effective in improving the critical thinking skills of high 
school students in chemistry. Beyond cognitive aspects, 
PBL also positively impacts affective factors in learning. 
Subagio et al. (2021) revealed that the integration of 
technology, specifically the use of the GeoGebra 
application within PBL, successfully increased students' 
interest and achievement in mathematics. This indicates 
that PBL not only develops intellectual capabilities but 
also fosters a positive attitude towards Science and 
Mathematics subjects, which is a crucial component of 
meaningful learning. 

Meanwhile, the PjBL model demonstrated a greater 
impact on fostering creativity and collaboration. 
Rehman et al. (2024) found that PjBL effectively 
encouraged the development of students' collaborative 
skills in completing mathematics projects. Gunawan 
(2020) reported that PjBL enhanced students' scientific 
creativity through the exploration of their local 
environment, highlighting the strength of this approach 
in connecting learning to real-world contexts. The 
effectiveness of PjBL in developing science process skills 
is also empirically supported. Studies by Nurhidayah et 
al. (2019) showed an increase of up to 85% in students' 
science process skills through PjBL implementation. This 
finding is reinforced by research from Nabila et al. 
(2025), which affirmed that differentiated PjBL 
significantly improved elementary school students' 
numeracy and scientific skills. 

Based on the reviewed empirical studies, the 
implementation of Project Based Learning (PjBL) 
demonstrates a consistent and significant positive 
impact on various 21st-century skills essential for 
science education in Indonesia. The study by Susilawati 
et al. (2023) developed and validated a smartphone-
integrated PjBL media for modern physics, which was 
deemed highly effective in fostering student creativity 
and scientific literacy, highlighting the model's capacity 
to make abstract concepts more accessible and engaging. 
Complementing this, the research by Wahyudiati & 
Qurniati (2022) provided experimental evidence that 
PjBL significantly enhanced pre-service chemistry 
teachers' self-efficacy and critical thinking skills, 
accounting for a 35% contribution to these outcomes, 
thereby underscoring the model's role in building 
crucial psychological attributes and higher-order 
thinking.  Furthermore, Hikmawati (2022) 
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demonstrated that applying PjBL with a scientific article 
analysis method successfully improved student learning 
outcomes with a moderate N-gain, showcasing its 
versatility and effectiveness even in online learning 
settings. Collectively, these findings solidify the position 
of PjBL, alongside Problem Based Learning (PBL), as a 
powerful pedagogical model in MIPA education, 
capable of addressing the need for innovative, student-
centered learning that develops both cognitive and soft 
skills required in the modern era. 

Based on the ANOVA analysis presented in this 
study, the effectiveness of PjBL in mathematics yielded 
limited and varied results depending on the variable 
measured. Although no significant differences were 
found between PjBL and traditional classes for the 
majority of learning environment acales and student 
outcomes, the analysis revealed that students in PjBL 
classes perceived a significantly less positive learning 
environment on the equity scale (F = 4.60, p <0.05) and 
demonstrated significantly lower Achievement (F = 
11.15, p< 0.01) compared to their peers in traditional 
classes (Rijken & Fraser, 2024). These findings indicate 
that while PjBL may offer a different learning 
experience, its implementation in this specific context 
was not universally more effective than the traditional 
approach, particularly in ensuring equity and fostering 
comparable academic attainment. 
 
Table 1. Average item mean, average item standard 
deviation and difference between instructional method 
(Cohen’s d effect and ANOVA results) for each learning 
environment, enjoyment, efficacy and achievement 
scale. 

 
 
Based on the study by Al-Qoyyim et al. (2024), 

which demonstrated that the implementation of video-
assisted Physics Problem-Based Learning (PBL) 
significantly enhances students' problem-solving 
abilities in static fluid topics compared to conventional 
methods. Aligned with this effectiveness in the domain 
of instructional material development, Anggraeni et al. 
(2022) also found that a PBL-based Science E-Module on 

global warming was rated highly valid by experts as a 
feasible medium for improving students' critical 
thinking skills. These two studies reinforce the argument 
that the adaptability of the PBL model to digital media 
innovations is a crucial strategy for optimizing science 
education in Indonesia to address 21st-century skill 
challenges. 

Based on the meta-analysis conducted by Pinar et 
al. (2025), it can be concluded that scientific problem-
solving approaches—particularly Project-Based 
Learning (PJBL), Problem-Based Learning (PBL), 
STEM/STEAM contexts, and Inquiry Based Learning 
(IBL) are significantly effective in fostering students' 
scientific creativity. Key findings reveal that PJBL and 
PBL yielded the largest impacts (with effect sizes of 𝑔 =
2.10 and 𝑔 = 1.49, respectively), underscoring the 
superiority of authentic, collaborative, and iteratively-
processed project- and problem-based approaches in 
stimulating innovative thinking. Although high 
heterogeneity was observed among the analyzed 
studies, along with indications of publication bias, the 
overall results provide strong evidence that engaging 
students in the stages of the scientific method—such as 
problem formulation, experimental design, and 
evaluation—serves as a fundamental foundation for 
developing creative capacities in science contexts. 
Therefore, integrating these approaches into science 
education curricula is highly recommended to prepare 
students for complex 21st-century challenges. 
 
Table 2. Moderator and subgroup analyses of scientific 
problem solving approaches 

 
 

Both models possess unique yet complementary 
roles within the Science and Mathematics learning 
ecosystem. PBL tends to be more robust in building 
analytical thinking and logical reasoning through 
structured problem-solving, whereas PjBL excels in 
nurturing innovative and collaborative abilities through 
more open-ended project completion. The collective 
findings from various studies suggest that combining 
elements from both models can create a balanced 
learning experience that develops both cognitive and 
affective domains. 
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From an implementation standpoint, key success 
factors include teacher readiness, facility support, and 
thorough instructional planning. Common challenges 
involve time constraints for project completion and the 
availability of supporting resources. However, several 
studies conclude that with adequate teacher training and 
contextually tailored application, both models can be 
implemented effectively across diverse school 
conditions. 

In conclusion, both PBL and PjBL have proven to be 
effective instructional approaches for enhancing various 
competencies in Science and Mathematics education. 
The choice between these models should be based on the 
characteristics of the subject matter, learning objectives, 
and students' learning context. These two models offer 
distinct yet equally meaningful pathways for 
transforming Science and Mathematics learning into a 
more relevant, engaging, and impactful experience for 
developing 21st-century competencies. 
 

Conclusion  

 
Based on this journal study, it can be concluded that 

the implementation of Problem-Based Learning (PBL) 
and Project-Based Learning (PjBL) significantly 
enhances the quality of Science and Mathematics 
education in Indonesia. PBL proves superior in 
developing critical thinking skills, problem-solving 
abilities, and cognitive learning outcomes, while PjBL is 
more effective in fostering student creativity, 
collaboration, and social responsibility. These two 
models are complementary and support active, 
contextual learning aligned with the Pancasila Student 
Profile and the Merdeka Curriculum. For optimal 
results, adequate teacher training, contextual 
adaptation, and the integration of elements from both 
models are essential to create a balanced and meaningful 
learning experience for students. 
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