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ABSTRACT 

STEM-integrated project based learning (STEM-PjBL) is 

an ideal learning model recommended in the Merdeka 

Curriculum to achieve 21
st
 century education goals, 

because it involves the principles of critical thinking, 

communication, collaboration, creativity, character, 

citizenship, and computational thinking skills. This study 

aims to explore the development of international and 

national research publications on the STEM-PjBL indexed 

by Scopus in the 2020-2024 period using a systematic 

literature review (SLR) assisted by the VOSViewer 

program, and to examine its impact on the achievement of 

21
st
 century skills. The analysis included 68 articles 

selected using the Prisma technique. This study proposes 

the following findings: (1) the implication that is often 

used is the type of quantitative research with quasi-

experimental methods, the research subjects are students 

or students at the senior high school (SMA) level with a 

small scale sample size of less than 50 respondents, (2) 

research is widely used to analyze the achievement of 

creativity skills but no one has studied the impact of 

STEM-PjBL on citizenship skills. However, the PjBL-

STEM model is proven effective for improving of 21
st
 

century skills so that it is suitable for the Merdeka 

Curriculum outcomes. Future research is expected to use 

additional bibliographic sources such as Web of Science 

and Google Scholar. 
 

 

 

INTRODUCTION 
 

Education in Indonesia is currently still facing various challenges, both national and global. Based on 

the results of the survey of secondary education systems in the world in 2022 issued by PISA 

(Program for International Student Assessment), Indonesia is ranked 75th out of 80 other countries 

with an average of 371 for literacy and 374 for numeracy [1]. This score is still in the category below 

the international average of 476 for literacy and 472 for numeracy. Based on this, Indonesia is below 
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the minimum competency in education, especially literacy and numeracy. In fact, there are still 

disparities in the quality of education in various regions. Many schools in remote areas lack adequate 

facilities and resources, which results in low quality teaching and learning [2]. The education system 

in the 21st century needs to prepare a generation that is able to respond to various challenges, both 

national and global [3] [4] [5]. To overcome these issues, it is crucial to implement targeted 

educational reforms that focus on improving teaching quality and student engagement. 

 

Learning in the 21st Century aims to create individuals who not only have academic knowledge but 

also the practical skills needed to meet the challenges and opportunities in the Industrial Revolution 

4.0 Era. The key skills for life in the 21st Century are known as the 7C, namely: character, citizenship, 

critical thinking, computational thinking, creativity, collaboration, and communication [6]. The 

education system in Indonesia needs to strengthen and develop these competencies so that students are 

ready to face the Industrial Revolution 4.0 [7]. Thus, the development of 7C skills is essential in 

responding to the demands and changes brought by the Industrial Revolution 4.0. This can be realized 

in the STEM approach. The STEM approach is proven to develop of critical 21st-century skills, 

prepare students for future careers and foster responsible innovative citizens [8]. Ultimately, the 

synergy between STEM education and the development of 21st-century skills prepares students for 

future careers. 

 

In an effort to improve the quality of education in Indonesia to produce a generation that has global 

competitiveness, the government through the Ministry of Education and Culture launched the Merdeka 

Curriculum program which creates an educational environment that is more dynamic, relevant, and 

responsive to the needs of students and the demands of the world of work in the era of the Industrial 

Revolution 4.0. Based on the Decree of the Head of the Education Standards, Curriculum and 

Assessment Agency of the Ministry of Education, Culture, Research and Technology Number 

044/H/KR/2022, the government stipulates the implementation of the Merdeka Curriculum to more 

than 140 thousand educational units in the 2022/2023 school year. In the basic framework of the 

independent curriculum, there is a project program to strengthen the profile of Pancasila students using 

the project-based learning (PjBL) model to observe and think about solutions to problems in the 

surrounding environment [9] [10] [11]. By integrating the PjBL learning model in the Merdeka 

Curriculum, education can become more contextual, relevant, and provide in-depth learning 

experiences for students. 

 

Project-based learning model is an ideal learning model to achieve 21st century education goals, 

because it involves the principles of critical thinking as well as problem solving, interpersonal 

communication, information and media literacy, collaboration, leadership and teamwork, innovation 

and creativity [10][12]. The integration between Project-based learning (PjBL) and STEM (Science, 

Technology, Engineering, and Mathematics) can create a more contextual, relevant, and immersive 

learning experience [13]. STEM-integrated project based learning (STEM-PjBL) model has become a 

rapidly growing research trend at the national and international levels. STEM-PjBL emphasizes the 

importance of integrating science, technology, engineering and mathematics in education to prepare 

students for the challenges of the 21st century. Studies in various countries show that this approach 

can improve students' critical thinking, problem solving and collaboration skills [14] [15] [16] [17] 

[18]. Physics is closely related to the integrated elements of STEM because physics is the power of 

innovation and the development of the latest technology [19] [20]. By integrating STEM-PjBL in 

physics learning in Merdeka Curriculum, education can become more responsive to the demands of 

the times, producing graduates who not only excel in academic knowledge but also in skills that are 

highly valued in the 21st Century. Therefore, this study aims to determine the development trend of 

STEM-PjBL research in physics learning, as well as its impact on the achievement of 21st Century 

skill, so that it is expected to help the implementation of the STEM-PjBL model in physics learning in 

the Merdeka Curriculum in Indonesia. 
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METHOD 

 
This research is a Systematic Literature Review (SLR) using the content analysis method. SLR is a 

systematic and structured research method used to identify, evaluate, and synthesize previous studies 

relevant to a particular research topic [21] [22]. The literature search was conducted using the 

PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analysis) method. The 

PRISMA method consists of 4 stages as shown in Figure 1 [23]. 

 

 
 

Fig 1. PRISMA Flow Diagram 

 

Identification 

The Scopus database was searched using the keywords “Project-based learning”, “STEM”, “21st 

Century Skills” and “Physics” in the categories of title, abstract and keywords using Publish or Perish 

8 software. Scopus was selected due to its reputation as a comprehensive and reliable source of 

systematic literature review, ensuring high-quality and up-to-date research results. Its extensive 

coverage of multidisciplinary fields makes it an ideal choice for analyzing trends in STEM-PjBL 

research in physics learning research. In the initial search, researchers found 4571 documents. 

 

Data screening 

Data screening is used to screen the data that has been obtained so that the data is consistent with the 

topic to be discussed. The volume of data that was available and indexed in the Scopus database was 

screened by the researchers. The selected research data were only open access article and conference 

paper in publications in last 5 years from 2020 to 2024. At this stage, the researchers were able to 

obtain 118 completed articles. 



JIPF, Vol. 10 No. 2, May 2025 
 

p-ISSN: 2477-5959 | e-ISSN: 2477-8451  245 

 

 

Data eligibilty 

The assessment of the eligibility of the data began with the inclusion and exclusion criteria that had 

been proposed. The researcher considered the suitability with the research topic discussed. The 

research focused on efforts to improve 21st century skills through STEM-integrated project-based 

learning (STEM-PjBL) as a learning model that is in accordance with Merdeka Curriculum. At this 

stage, the researcher managed to obtain 68 complete articles. 

 

Data analysis 

The results of the data search will then be reported and analyzed statistically using Microsoft Excel 

2019. In addition, the data were exported in Comma Separate Values (CSV) format. Finally, the data 

were processed using the VOSViewer software version 1.6.19. to visualize the research trend of 

STEM- integrated project based learning (STEM-PjBL) in physics learning. 

 

 

RESULTS AND DISCUSSIONS 

 
Trend of STEM-PjBL Research in Physics Education 

The learning model is a planning formula that is set as a guide by the educator and will be applied to 

the learning activity. STEM-integrated project based learning (STEM-PjBL) is an educational program 

in which students acquire core skills through the design, development, and completion of projects [24] 

[25]. The implementation of the STEM-PjBL model involves five key phases: the relation phase, 

research phase, discovery phase, application phase, and communication phase. This allows learners to 

explore ideas, develop products, and develop further planning capabilities [26]. In addition, the 

STEM-PjBL model empowers students to take an active role in the learning process, encouraging 

them to think critically and creatively. This certainly supports the attainment of 21st century skills. 

 

STEM-integrated project based learning (STEM-PjBL) research in physics learning has become the 

most popular research topic in Indonesia. The highest number of STEM-PjBL research occurred in 

2021 as shown in Figure 2. From 2022 to 2024, a slight decline in research output can be observed, 

possibly due to shifting research priorities toward emerging topics such as digital literacy and artificial 

intelligence in education. However, the number of publications remained relatively stable in the 2020-

2023 with an average number of publications of 14 publications by year. This is consistent with the 

results of the analysis which Indonesia as the country that has applied the most STEM-PjBL research 

articles in physics education. Indonesia made up 54.92% of the total number of STEM-PjBL research 

articles in physics learning for the last five years (2020-2024). This is in line with the efforts of the 

Indonesian government in improving the quality of education to produce globally competitive 

graduates. 

 

 
 

Fig 2. Annual Publications of STEM-PjBL Research in Physics Education 
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Based on the results of the co-aulthorship analysis, the development of the STEM-integrated project 

based learning (STEM-PjBL) in physics education is not widespread in the ASEAN region. Only three 

of the countries in the ASEAN region have published articles by Scopus on this research topic as 

shown in Figure 3. 

 

 
 

Fig 3. Distribution of STEM-PjBL Research in Physics Education by Country 

 

Indonesia has established academic cooperation only with Malaysia and Thailand as shown in Figure 

4. Variations in national education policies and curricula influence the emphasis placed on STEM-

PjBL learning. While countries like Indonesia and Malaysia have national policies supporting STEM 

education, others may lack similar initiatives. Furthermore, the lack of established academic networks 

across ASEAN countries limits the dissemination of knowledge and best practices in STEM-PjBL. 

This provides further opportunities for further research on inter-country academic cooperation in 

STEM-PjBL research in physics education. The keyword network can be visualized by using 

VOSViewer software with co-occurrence analysis type. The keyword network in the application of 

STEM integrated project based learning (STEM-PjBL) research in physics education is visualized in 

14 clusters, as shown in Figure 5.  Project-based learning is the most used keyword, which is 60 times 

or 25.75% of the total number of keywords that appeared. This keyword is directly related to the 

STEM and 21st century skills keywords which include critical thinking, creativity, collaboration, and 

communication. The color of each network varies with the year of the implementation of the keyword. 

The yellow color shows the use of keywords in the STEM-PjBL research in physics education on the 

latest. This proves that STEM-PjBL research is widely pursued to improve students’ 21st century 

skills. 

 

 
 

Fig 4. Cooperation Network of STEM-PjBL Research in Physics Education 
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Fig 5. Keywords Network of STEM-PjBL Research in Physics Education 

 

Based on the results of the analysis, the most widely used type of quantitative research. This is 

because many researchers analyze the application of the STEM integrated project based learning 

(STEM-PjBL) as a means of improving 21st century skills. The most widely used research model is 

the quasi-experiment. Experimental research has a broad scope so that it can vary the complexity of 

the research variables. A quantitative research with quasi-experimental method was used to analyze 

students' creative thinking skills in momentum and impulse material through STEM integrated project 

based learning [27]. The implementation of the STEM-PjBL has a positive impact on improving 

students' creative thinking skills especially in physics learning.  

 

 
 

Fig 6. Type of STEM-PjBL Research in Physics Education 

 

The research subjects used in the articles studied can be seen in Figure 7. High school studens are the 

most widely used research subjects in this research topic. Many studies use small-scale samples of less 

than 50 respondents. STEM-PjBL is highly aligned with the principles of the Merdeka Curriculum and 

is particularly well-suited for high school students [28] [29]. In Merdeka Curriculum, students are 

encouraged to take an active role in their learning, and STEM-PjBL fosters this by allowing them to 

explore real-world challenges through projects [30] [31]. This approach engages their critical thinking, 

creativity, communication, collaboration, character, computational thinking, and problem-solving 

skills, which are essential skills for high school students.  
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Fig 7. Subject of STEM-PjBL Research in Physics Education 

 

Impact of STEM-PjBL on The Achievement of 21st Century Skills  

In the dynamic environment of modern education, adopting innovative teaching approaches is 

essential for preparing students to face future challenges. As education continues to adapt to the needs 

of the 21st century, integrating STEM disciplines into learning frameworks has gained significant 

attention. One effective approach that has emerged is STEM integrated project-based learning, 

commonly referred to as STEM-PjBL. Based on analysis results, STEM-PjBL can improve critical 

thinking, communication, creativity, collaboration, problem solving, character, and computational 

thinking in the physics learning [32] [33]. Thus, the STEM-PjBL STEM model is very much in line 

with the aim of the Merdeka Curriculum to create learning that is relevant to real life [34] [35]. This is 

because the STEM-PjBL model is able to provide new ideas and apply them in problem solving based 

on the results of critical and creative thinking and can create effective cooperation and communication 

in learning in producing products from the project. Based on the results of content analysis, STEM-

PjBL is most widely used to improve the achievement of creativity skills as shown in Figure 8. 

 

 
 

Fig 8. Analysis of the achievement of 21st Century skills 

 

The use of the Science, Technology, Engineering, and Mathematics (STEM) approach in the project-

based learning model can improve students' logical thinking skills. STEM involves learners in 

metacognitive activities that challenge them to reflect on their own thinking processes. These 

metacognitive activities include the process of choosing, searching, asking, dividing, developing 

hypotheses, and the decision-making process [36]. Metacognitive is very much in line with the idea of 

Merdeka Curriculum, because this strategy emphasizes students to consciously determine, design, and 

reflect on their learning process [37]. In its implementation, the STEM-PjBL model provides a loop 
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for learners to understand the importance of integrating different disciplines and their applications in 

learning. Learning with the STEM-PjBL model creates real-life learning and can facilitate learners 

with direct experience through providing opportunities to construct their own knowledge 

independently or in groups through active and fun learning. Thus, the application of the STEM-PjBL 

learning model has a great opportunity to train students' 21st Century skills through the characteristics 

in its approach. 

 

The STEM integrated project based learning (STEM-PjBL) is able to equip students to prepare 

themselves for learning in the 21st Century. The STEM-PjBL model is able to have a significant effect 

on 21
st
 century skills. This is because the learning syntax in the project-based learning model helps 

students to improve their critical thinking, communication, creative, problem solving, character, 

computational thinking, and collaboration skills. There are five phases of the development of students' 

creative thinking in the project-based learning model, namely the reflection phase, research phase, 

discovery phase, application phase, and communication phase [38]. In the reflection phase, the teacher 

provides opening questions as a stimulus and initial stage to bring students into the topic of the 

problem. This can develop students' critical and creative thinking skills [39] [40]. At this stage, 

students are able to digest and understand the problem, convey information based on their own 

abilities and language and directly, think about what products can be made based on the questions 

asked. 

 

The second phase is research. In this phase, students are directed to find information about the topic 

and discuss it with group members [41]. Students will try to develop ideas by analyzing various 

information from various literatures in groups. This activity can develop collaboration and creative 

thinking skills. The aspect of creative thinking skills developed is elaboration [42].  Furthermore, the 

third phase is discovery. Students discuss to develop a project design according to the agreement of 

each group [43]. This activity can improve students' critical and creative thinking skills because of the 

engineering design process to produce products related to science. The fourth phase is application, 

where students conduct experiments as project tasks according to an agreed timeline.  This process can 

develop students’ creative thinking skills because students can explain and evaluate phenomena by 

providing various answers and examples [44]. The aspects of creative thinking skills developed are 

flexible thinking, fluency, and elaboration. The last phase is the communication phase. Each group 

presents its project. This activity will train students’ communication skills. Students are asked to be 

able to interpret data and evidence scientifically by drawing conclusions based on experiences when 

doing the project by explaining in detail, corecctly and coherently [45]. The presentation process 

optimizes various students skills namely, speaking skills, analysis skills, technology application skills, 

presentation skills, problem solving skills, and negotiation skills. At the end of the presentation, the 

teacher provides feedback related to the experimental project that has been carried out. 

 

The STEM integrated project-based learning (STEM-PjBL) model not only prepares students for 21
st
 

century skills but also nurtures essential skills for future success. This model significantly enhances 

critical thinking, as students are required to analyze and evaluate complex problems from multiple 

perspectives [46] [47] [48]. Furthermore, STEM-PjBL promotes communication skills by encouraging 

students to present their findings and ideas effectively in both written and oral formats [49] [50] [51]. 

The model also cultivates creativity by giving students the freedom to explore innovative solutions 

during the discovery phase [27] [37] [52]. Problem-solving becomes a central focus, as learners are 

tasked with addressing real-world challenges that require thoughtful, evidence-based solutions [53] 

[54] [55]. Computational thinking is developed as students engage with technology and data analysis 

to solve these problems [56] [57] [58]. Character building is another important outcome of this model, 

as students learn resilience, responsibility, and perseverance throughout the learning process [59] [60] 

[61]. Collaboration is fostered as learners work together in teams, enhancing their ability to cooperate 

and contribute meaningfully to group efforts [48] [61]. The integration of technology in the STEM-

PjBL model also helps students adapt to digital tools and platforms, preparing them for the 

increasingly digital workforce. The model’s focus on real-world applications makes learning more 

relevant, motivating students to see the value of their education in everyday life. Finally, STEM-PjBL 
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provides opportunities for continuous reflection, allowing students to assess their progress and identify 

areas for improvement. 

 

The STEM-PjBL approach is crucial for enabling students to master relevant disciplinary concepts 

while also providing them with real-world experiences that are applicable to their daily lives. This is in 

accordance with the learning goals of the Merdeka Curriculum [62]. By engaging in projects that 

require the integration of theory and practice, students learn to recognize the interconnectedness of 

science, technology, engineering, and mathematics as a cohesive and mutually reinforcing system. The 

integration of STEM in project-based learning models provides flexibility in instructional design. 

Teachers have the opportunity to design projects that are relevant to students' needs and the demands 

of the times, ultimately increasing the relevance of education to the workforce. Merdeka Curriculum’s 

flexibility is perfectly aligned with STEM-PjBL, allowing educators to adapt projects to the needs and 

interests of students, as well as the evolving demands of society and the workforce. This relevance 

makes learning more meaningful, as students gain skills that are directly applicable to their future 

careers. By developing 21
st
 century skills through STEM-PjBL, students in Indonesia are prepared to 

become individuals capable of adapting to various situations, including facing complex and 

multidisciplinary global challenges in the future. This approach also supports the development of 

character, responsibility, and effective communication skills, all of which are key elements in 

professional and personal success in the era of globalization and rapidly evolving technology.  

 

In the future, further research can focus on the implementation of application of STEM-PjBL to the 

Merdeka Curriculum in various educational environments, including remote areas or schools with 

limited facilities, to identify the challenges and opportunities that arise in implementing this model. 

Additionally, research can explore how STEM-PjBL can be adapted to meet the diverse needs of 

individual students, including those with higher or lower skills in STEM. By conducting more in-depth 

research, it is hoped that new innovations can be discovered in developing more flexible and inclusive 

project-based curricula, as well as more effective learning strategies for developing 21st-century skills 

across various educational contexts. 

 

 

CONCLUSION AND SUGGESTION 

 
The results of the systematic analysis of literature (SLR) from 2020 to 2024, the development of 

STEM-PjBL in Indonesia has increased significantly. This is in line with the efforts of the Indonesian 

government in improving the quality of education to ultimately produce a generation that has global 

competitiveness through Merdeka Curriculum. The implications that are often used on the results of 

the analysis are the type of quantitative research using the experimental method, the study of students 

or high school students with a small scale sample size of less than 50 respondents, and research that is 

widely used to analyze creativity skills. However, the STEM-PjBL model has proven effective in 

improving critical thinking, creativity, collaboration communication, problem solving, character, and 

computing thinking skills. There are several limitations to this research. Firstly, the use of a single 

Scopus database cannot possibly cover all scientific publications about STEM integrated project based 

learning (STEM-PjBL). The subsequent use of additional bibliographical research tools, such as the 

Web of Science and Google Scholar, will eliminate gaps in the analysis. Additionally, the analysis 

instrument used (VOS viewer software) has several functional limitations that few can overcome at 

this time, such as statistics of new authors published in various categories or statistics of new authors 

published in the year. 

 

 

REFERENCES 

 
[1] OECD (2023). Pisa 2022 Results. 

[2] Isma, A., Isma, A., Isma, A., & Isma, A. (2023). Peta Permasalahan Pendidikan Abad 21 di 

Indonesia. Jurnal Pendidikan Terapan, 11-28. 



JIPF, Vol. 10 No. 2, May 2025 
 

p-ISSN: 2477-5959 | e-ISSN: 2477-8451  251 

 

[3] Mardhiyah, R. H., Aldriani, S. N. F., Chitta, F., & Zulfikar, M. R. (2021). Pentingnya 

keterampilan belajar di abad 21 sebagai tuntutan dalam pengembangan sumber daya manusia. 

Lectura: Jurnal Pendidikan, 12(1), 29-40. 

[4] Ardiansyah, R., Diella, D., & Suhendi, H. Y. (2020). Pelatihan pengembangan perangkat 

pembelajaran abad 21 dengan model pembelajaran project based learning berbasis STEM bagi 

guru IPA. Publikasi Pendidikan, 10(1), 31. 

[5] Hidayatullah, Z., Wilujeng, I., Nurhasanah, N., Gusemanto, T. G., Makhrus, M. (2021). Synthesis 

of the 21st Century Skills (4C) Based Physics Education Research In Indonesia. JIPF (Jurnal 

Ilmu Pendidikan Fisika), 6(1), 88-97. 

[6] Megawati, A. Y. I., Lukito, A., & Rachmasari, D. H. (2023). Integrasi project based learning 

dengan stem pada pembelajaran fisika sebagai pendekatan efektif untuk meningkatkan 

keterampilan abad 21. Humantech: Jurnal Ilmiah Multidisiplin Indonesia, 2(5), 894-904. 

[7] Maulidah, E. (2019, April). Character building dan keterampilan abad 21 dalam pembelajaran di 

era revolusi indutri 4.0. In Prosiding Seminar Nasional PGSD UST (Vol. 1, No. 1). 

[8] Hunter, J. (2020). High possibility STEM classrooms: Integrated STEM learning in research and 

practice. Routledge. 

[9] Gumilar, G., Rosid, D. P. S., Sumardjoko, B., & Ghufron, A. (2023). Urgensi penggantian 

kurikulum 2013 menjadi kurikulum merdeka. Jurnal Papeda: Jurnal Publikasi Pendidikan 

Dasar, 5(2), 148-155. 

[10] Alhayat, A., Mukhidin, M., Utami, T., & Yustikarini, R. (2023). The Relevance of the Project-

Based Learning (PjBL) Learning Model with “Kurikulum Merdeka Belajar”. DWIJA 

CENDEKIA: Jurnal Riset Pedagogik, 7(1), 105-116. 

[11] Dewi, M. R. (2022). Kelebihan dan kekurangan project-based learning untuk penguatan profil 

pelajar pancasila kurikulum merdeka. Inovasi Kurikulum, 19(2), 213-226. 

[12] 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), 2158244020938702. 

[13] Sulaiman, F., Rosales Jr, J. J., & Kyung, L. J. (2023). The Effectiveness of the Integrated STEM-

PBL Physics Module on Students' Interest, Sensemaking and Effort. Journal of Baltic Science 

Education, 22(1), 113-129. 

[14] Elvianasti, M., Kharisma, N. A. N., Irdalisa, I., & Yarza, H. N. (2022). Analisis Kemampuan 

Pemecahan Masalah Biologi Peserta Didik pada Materi Perubahan Lingkungan. Jurnal Penelitian 

Pembelajaran Fisika, 8(1), 1-9. 

[15] Afifah, A. N., Ilmiyati, N., & Toto, T. (2019). Model project based learning (PjBL) berbasis 

STEM untuk meningkatkan penguasaan konsep dan keterampilan berpikir kritis siswa. Quagga: 

Jurnal Pendidikan Dan Biologi, 11(2), 73-78. 

[16] Mawaddah, S., & Mahmudi, A. (2021). Analisis Kemampuan Komunikasi Matematika Siswa 

Melalui Penggunaan Project-Based Learning Terintegrasi Stem. AKSIOMA: Jurnal Program 

Studi Pendidikan Matematika, 10(1), 167-182. 

[17] Sulaiman, F., Rosales JR, J. J., & Kyung, L. J. (1741). The effectiveness of integrated science, 

technology, engineering and mathematics project-based learning module. International Journal of 

Evaluation and Research in Education (IJERE), 13(3), 1740-1754. 

[18] Pitot, L. N., McHugh, M. L., & Kosiak, J. (2024). Establishing a PBL STEM framework for pre-

service teachers. Education Sciences, 14(6), 571. 

[19] Muliyati, D., Prastiawan, F., & Mutoharoh, M. (2023, September). Development of STEM 

project-based learning student worksheet for Physics learning on renewable energy topic. In 

Journal of Physics: Conference Series (Vol. 2596, No. 1, p. 012078). IOP Publishing. 

[20] Bunyamin, M. A. H., Talib, C. A., Ahmad, N. J., Ibrahim, N. H., & Surif, J. (2020). Current 

teaching practice of physics teachers and implications for integrated STEM education. Universal 

Journal of Educational Research, 8(5), 18-28. 

[21] Van Der Linden, D., & Hadar, I. (2018). A systematic literature review of applications of the 

physics of notations. IEEE Transactions on Software Engineering, 45(8), 736-759. 

[22] Thovawira, F. A., Safitri, I., Supartik, S., Sitompul, N. N. S., & Anggriyani, I. (2020). Systematic 

literature review: implementasi pendekatan stem (manfaat dan tantangan) di indonesia. 

HISTOGRAM: Jurnal Pendidikan Matematika, 4(2), 355-371. 

[23] Hadi, S., Tjahjono, H. K., & Palupi, M. (2020). Systematic Review: meta sintesis untuk riset 



Innovative Approaches to Physics Education in Merdeka Curriculum: The Impact of…  

Risma Tantri, Putrie Syifa Udyaningsih, Heru Kuswanto 

 

DOI: 10.26737/jipf.v10i2.6126  252 

perilaku organisasional. Yogyakarta: Vivavictory Abadi. 

[24] Vogler, J. S., Thompson, P., Davis, D. W., Mayfield, B. E., Finley, P. M., & Yasseri, D. (2018). 

The hard work of soft skills: augmenting the project-based learning experience with 

interdisciplinary teamwork. Instructional Science, 46, 457-488. 

[25] Uden, L., Sulaiman, F., Ching, G. S., & Rosales Jr, J. J. (2023). Integrated science, technology, 

engineering, and mathematics project-based learning for physics learning from neuroscience 

perspectives. Frontiers in psychology, 14, 1136246. 

[26] Habók, A., & Nagy, J. (2016). In-service teachers’ perceptions of project-based learning. 

SpringerPlus, 5, 1-14. 

[27] Saputri, M., & Syukri, M. (2022, February). Analysis of momentum and impulse on students’ 

creative thinking skill through project based learning integrated STEM (science, technology, 

engineering, mathematics). In Journal of Physics: Conference Series (Vol. 2193, No. 1, p. 

012066). IOP Publishing. 

[28] Walidain, S. N., Ardianti, S., Wendari, W., & Satriawan, I. (2023). Analisis Model Pembelajaran 

Project Based Learning Dalam Pembelajaran Fisika Pada Kurikulum Merdeka. Jurnal Riset 

Kajian Teknologi dan Lingkungan, 6(2), 148-156. 

[29] Maulana, M. (2020). Penerapan model project based learning berbasis STEM pada pembelajaran 

fisika siapkan kemandirian belajar peserta didik. Jurnal Teknodik, 39-50. 

[30] Susanti, E., Maulidah, R., & Makiyah, Y. S. (2021, November). Analysis of problem-solving 

ability of physics education students in STEM-based project based learning. In Journal of 

Physics: Conference Series (Vol. 2104, No. 1, p. 012005). IOP Publishing. 

[31] Solihin, A., Wibowo, F. C., & Astra, I. M. (2021, October). Review of trends project based 

learning (PjBL) integrated STEM in physics learning. In Journal of Physics: Conference Series 

(Vol. 2019, No. 1, p. 012031). IOP Publishing. 

[32] Widyasmah, M., & Herlina, K. (2020, February). Implementation of STEM Approach Based on 

Project-based Learning to Improve Creative Thinking Skills of High School Students in Physics. 

In Journal of Physics: Conference Series (Vol. 1467, No. 1, p. 012072). IOP Publishing. 

[33] Yuliati, L., Munfaridah, N., Ali, M., Rosyidah, F. U. N., & Indrasari, N. (2020, April). The effect 

of project based learning-STEM on problem solving skills for students in the topic of 

electromagnetic induction. In Journal of Physics: Conference Series (Vol. 1521, No. 2, p. 

022025). IOP Publishing. 

[34] Anggraena, Y., Felicia, N., Eprijum, D., Pratiwi, I., Utama, B., Alhapip, L., & Widiaswati, D. 

(2022). Kajian akademik kurikulum untuk pemulihan pembelajaran. 

[35] Pertiwi, I., Marlina, L., & Wiyono, K. (2023). Kajian Literatur: Implementasi Kurikulum 

Merdeka di Sekolah-Sekolah Penggerak. Al-Madrasah: Jurnal Ilmiah Pendidikan Madrasah 

Ibtidaiyah, 7(3), 1364-1372. 

[36] Sularmi, S., Utomo, D. H., & Ruja, I. N. (2018). Pengaruh project-based learning terhadap 

kemampuan berpikir kritis. Jurnal Pendidikan: Teori, Penelitian, dan Pengembangan, 3(4), 475-

479. 

[37] Fiteriani, I., Diani, R., & Anwar, C. (2021, February). Project-based learning through STEM 

approach: Is it effective to improve students’ creative problem-solving ability and metacognitive 

skills in physics learning?. In Journal of Physics: Conference Series (Vol. 1796, No. 1, p. 

012058). IOP Publishing. 

[38] Zahirah, D. F., & Sulistina, O. (2023). Efektifitas Pembelajaran STEM–Project-Based Learning 

untuk Peningkatan Kemampuan Literasi Sains dan Berpikir Kreatif Siswa pada Materi 

Kesetimbangan Kimia. UNESA Journal of Chemical Education, 12(2), 121-131. 

[39] Satriawan, M., Rosmiati, R., Saputra, O., & Habibbulloh, M. (2022, December). Improving 

Critical thinking skills (CTS) of students through wave energy learning project (WELP) on 

environmental physics lecture. In Journal of Physics: Conference Series (Vol. 2392, No. 1, p. 

012038). IOP Publishing. 

[40] Khoiri, N., Ristanto, S., & Kurniawan, A. F. (2023). Project-based learning via traditional game 

in physics learning: Its impact on critical thinking, creative thinking, and collaborative skills. 

Jurnal Pendidikan IPA Indonesia, 12(2), 286-292. 

[41] Vidal, J., Bravo, D. A., & Rengifo, C. F. (2022). Teaching Physical Sciences Using Arduino 



JIPF, Vol. 10 No. 2, May 2025 
 

p-ISSN: 2477-5959 | e-ISSN: 2477-8451  253 

 

Physics Lab at the Universidad Del Cauca. IEEE Revista Iberoamericana de Tecnologias del 

Aprendizaje, 17(3), 223-229. 

[42] Pangestika, D. I., Yamtinah, S., & Mahardiani, L. (2020). Kemampuan berpikir kreatif siswa 

kelas xi mipa sma negeri 3 surakarta pada materi larutan asam basa. Jurnal Pendidikan Kimia, 

9(1), 105-110. 

[43] Bering III, E. A., Khan, S., Jacobs, L. T., Hampton, D., Mölders, N., Thorsen, D., ... & Ulinski, 

A. (2023). Student Space Missions—Facilitating Pathways to Success for Next Generation 

Professionals in Space. Creative Education, 14(3), 607-636. 

[44] Martawijaya, M. A., Rahmadhanningsih, S., Swandi, A., Hasyim, M., & Sujiono, E. H. (2023). 

The effect of applying the Ethno-STEM-Project-based learning model on students' higher-order 

thinking skill and misconception of physics topics related to Lake Tempe, Indonesia. Jurnal 

Pendidikan IPA Indonesia, 12(1), 1-13. 

[45] Pujante-Martínez, L., Le Clainche, S., Pérez, J. M., & Ferrer, E. (2023). Learning fluid dynamics 

and the principles of flight: from primary school to STEM degrees. European Journal of Physics, 

44(4), 045002. 

[46] Indriyana, R. S., & Susilowati, S. (2020). The effects of model project-based learning approach 

on STEM (Science, Technology, Engineering, Mathematic) on natural science learning to junior 

high school student’s critical thinking skills and cooperative skills at SMP N 1 Berbah. Journal of 

Science Education Research, 4(2), 70-75. 

[47] Oyewo, O. A., Ramaila, S., & Mavuru, L. (2022). Harnessing project-based learning to enhance 

STEM students’ critical thinking skills using water treatment activity. Education Sciences, 

12(11), 780. 

[48] Ngadinem, P., Sulisworo, D., & Ishafit, P. (2020). Boat Prototype As Teaching Material on Stem 

Based Education to Enhance the High Order Thinking Skills. International Journal of Advanced 

Research in Engineering and Technology (IJARET), 11(4). 

[49] Danino, O., Kaplan, G., & Feldman, I. (2021, March). Teaching and learning about pendulums in 

Robophysics. In 2021 IEEE Integrated STEM Education Conference (ISEC) (pp. 259-262). IEEE. 

[50] Oktavia, Z., & Ridlo, S. (2020). Critical Thinking Skills Reviewed from Communication Skills of 

the Primary School Students in STEM-Based Project-Based Learning Model. Journal of Primary 

Education, 9(3), 311-320. 

[51] Yanti, F. A., Kuswanto, H., Mundilarto, M., & Habibi, H. (2019). Development of Cooperative 

Research Project Based Learning Models to Improve Research and Communication Skills for 

Prospective Physics Teachers in Indonesia. International Journal of Engineering and Advanced 

Technology (IJEAT), 8(5), 740-746. 

[52] Shalihah, N. H., & Prastiti, T. D. (2020, June). The analysis of the application of learning 

materials based on project-based learning to improve the elementary school students’ creative 

thinking skills in solving contextual division problems. In Journal of Physics: Conference Series 

(Vol. 1563, No. 1, p. 012044). IOP Publishing. 

[53] Putri, M. A. N., & Dwikoranto, D. (2022). Implementation of STEM integrated project based 

learning (PjBL) to improve problem solving skills. Berkala Ilmiah Pendidikan Fisika, 10(1), 97-

106. 

[54] Zulaikah, S., Rosyidah, F. U. N., & Ali, M. (2021, March). Faraday flashlight project-based 

STEM to enhance problem-solving skill of students. In Journal of Physics: Conference Series 

(Vol. 1806, No. 1, p. 012029). IOP Publishing. 

[55] Purwaningsih, E., Sari, A. M., Yuliati, L., Masjkur, K., Kurniawan, B. R., & Zahiri, M. A. (2020, 

March). Improving the problem-solving skills through the development of teaching materials with 

STEM-PjBL (science, technology, engineering, and mathematics-project based learning) model 

integrated with TPACK (technological pedagogical content knowledge). In Journal of Physics: 

Conference Series (Vol. 1481, No. 1, p. 012133). IOP Publishing. 

[56] Samsudın, M. A., Jamalı, S. M., Zaın, A. N. M., & Ebrahım, N. A. (2020). The effect of STEM 

project based learning on self-efficacy among high-school physics students. Journal of Turkish 

Science Education, 17(1), 94-108. 

[57] Putra, I., Rajibussalim, R., Irwandi, I., & Muhammad, S. (2020, February). Utilizing LoRa for 

IoT based mini weather station as STEM learning media to support industrial revolution 4.0. In 

Journal Of Physics: Conference Series (Vol. 1470, No. 1, p. 012042). IOP Publishing. 



Innovative Approaches to Physics Education in Merdeka Curriculum: The Impact of…  

Risma Tantri, Putrie Syifa Udyaningsih, Heru Kuswanto 

 

DOI: 10.26737/jipf.v10i2.6126  254 

[58] Rugh, M. S., Beyette, D. J., Capraro, M. M., & Capraro, R. M. (2021). Using DIME maps and 

STEM project-based learning to teach physics. Interactive Technology and Smart Education, 

18(4), 553-573. 

[59] Rodríguez Gómez, B. A., Coello Pisco, S. M., Banguera, L., & Baidal-Bustamante, E. (2024). 

Research skills R+ D+ I and industry 4.0, STEM and TRIZ and theirapplication in the 

professional skills of applied physics students. Revista Mexicana de Física E, 21(1), Article-

010212. 

[60] Prabawati, P. L. S., & Agustika, G. N. S. (2020). Project-Based Learning Based On Stem 

(Science, Technology, Engineering, And Mathematics) Enhancing Students Science Knowledge 

Competence. Jurnal Ilmiah Sekolah Dasar, 4(4), 621-629. 

[61] Zhang, R., Shi, J., & Zhang, J. (2023). Research on the quality of collaboration in project-based 

learning based on group awareness. Sustainability, 15(15), 11901. 

[62] Tuerah, R. M., & Tuerah, J. M. (2023). Kurikulum merdeka dalam perspektif kajian teori: 

Analisis kebijakan untuk peningkatan kualitas pembelajaran di sekolah. Jurnal Ilmiah Wahana 

Pendidikan, 9(19), 979-988. 


