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 Abstract. Low critical thinking skills and student learning 
outcomes are still widely found, especially in chemistry 
learning. This study aims to analyze the application of STEM 
integrated problem-based learning (PBL) on chemistry 
materials, and to analyze STEM-based learning integrated 

with PBL to improve students' critical thinking skills and 
learning outcomes on chemistry materials. The method used 
in this research is a systematic literature review based on 
articles traced through Google Schoolar, Garuda, and ERIC 
databases. The data obtained was then analysed 
descriptively. The results showed that: (1) From a number of 
STEM-PBL implementations that have been carried out in 
various fields, the implementation of STEM-PBL in chemistry 
learning obtained a percentage of 32%; (2) STEM-PBL 
implementation can improve students' critical thinking skills 
and learning outcomes ranging from moderate to high 
categories. STEM-PBL learning is effectively used to improve 
critical thinking skills and learning outcomes, so it can be 
used as an alternative in chemistry learning. 
 
Keywords: STEM approach, problem based learning model, 

critical thinking skills, learning outcomes. 

 
 

Introduction 

The development of science and technology (IPTEK) is growing rapidly with the 

presence of the Industrial Revolution 4.0 (Liao et al., 2018). The industrial revolution 4.0 

changed the lives and ways of human work in various fields of life, including in the field of 

education (Afrianto, 2018). Education in the era of revolution 4.0 is characterised by 21st 

century learning that emphasises participants to be active in finding their own learning 

resources in order to have broad cognitive abilities (Wulandari & Inggit, 2018). The 

characteristics of 21st century learning lead to scientific, thematic, contextual, interactive, 

collaborative, holistic, and learner-centred learning (Muhali, 2019). Furthermore, 21st 

century learning requires learners to have various 21st century skills which include critical 

thinking skills, problem solving, communication, collaboration, and creativity (Ismail et al., 

2023; Zubaidah, 2019).  
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The critical thinking skills of Indonesian students are in fact still in the low category. 

This is evidenced by the results of the PISA score in the field aspect, where Indonesia 

ranked 71 out of 79 participating countries in 2018 (OECD, 2019). In 2022, students' scores 

in science decreased compared to 2018, but Indonesia experienced an increase of 6 

positions (Marwah & Pertiwi, 2024). In solving PISA questions, high-level thinking skills are 

needed, one of which is critical thinking skills. This can be interpreted that if the ability in 

the field of science of students is low, then the critical thinking skills of students are also 

low (Rahayuni, 2016). The low critical thinking skills of students will also have an impact 

on low learning outcomes (Ananda & Salamah, 2021). Whereas critical thinking skills are 

high-level thinking skills (Brookhart, 2020) and skills that are important in the field of 

education and in the world of work (Kivunja, 2015; Nold, 2017). 

 Low student learning outcomes, especially in the field of chemistry, are quite 

common (Erlina et al., 2019; Jamilah et al., 2021; Komang et al., 2014; Priliyanti et al., 

2021).The low learning outcomes in several chemistry concepts are influenced by several 

factors, including: (1) chemical concepts that are abstract and a combination of concept 

understanding and application are difficult for students to understand, (2) students find it 

difficult to apply chemical theories, (3) students lack motivation to learn chemistry, and 

(4) most students consider chemistry a difficult subject (Suswati, 2021). Furthermore, 

Sudiana et al. (2019) explained that chemistry learning difficulties are a common 

phenomenon that occurs in various schools. In addition, learning methods that 

predominantly use conventional models also contribute to low student learning outcomes 

(Erlina et al., 2019; Jamilah et al., 2021). 

Given the complexity of 21st century skills that must be possessed by students, and 

the low learning outcomes in chemistry, learning innovations are needed that can support 

mastery of these skills and learning success. According to (McFarlane, 2013) mastering 

21st century skills requires complex interactions between scientific disciplines (integrated 

learning) related to life problems. One of the efforts that can be made is to apply learning 

models/methods or approaches that are oriented towards 21st century skills (Muhali, 

2019). A potential approach to support 21st century skills is the Science, Technology, 

Engineering, and Mathematic (STEM) approach (Diana et al., 2021). Haatainen & Aksela 

(2021) explained that education reforms all over the world are now emphasizing similar 

pedagogical approaches that focus on 21st century skill, for example for STEM education. 

STEM was found to be effective for improving critical thinking skills (Akcanca, 2020). The 

STEM approach will encourage students to solve real-life problems not only in science 

aspects, but also through aspects of technology, engineering, and mathematics (Bybee, 

2019). The integrative nature of STEM also allows its application to be combined with 

various types of learning models or methods (Davidi et al., 2021). Hallström & Schönborn 

(2019) also explained that global demands bring the Education curriculum to increase the 

application of STEM learning as 21st century skills. 

One of the suitable learning models to be integrated with the STEM approach is 

problem-based learning (PBL). This is because the science, technology, engineering and 

mathematics components contained in STEM can be applied in PBL activities (Rahmadani 

& Anugraheni, 2017). The PBL learning model emphasises students to be able to build their 

own knowledge in solving problems (Arends, 2012), and is proven to be able to improve 

higher-order thinking skills in solving contextual problems (Fajrilia, 2019). With the 

integration of PBL and STEM learning models, not only can it improve learning outcomes 
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(Cahyaningsih & Roektiningroem, 2018; Maulidia et al., 2019; Ningsih, 2020), but it can 

also improve critical thinking skills (Ariyatun & Octavianelis, 2020; Cahyaningsih & 

Roektiningroem, 2018), science literacy, and student character (Putri et al., 2020). 

Agussuryani et al. (2022) also explained that the integration of the STEM approach in 

learning has the potential to equip students' 21st century work skills through learning 

outcomes. Arisoy & Aybek (2021) further state that practising critical thinking skills in 

specific disciplines and subject areas contributes to developing students as strong critical 

thinkers. 

The integration between PBL and STEM has been widely implemented in various 

subjects such as mathematics (Hadi, 2021; Inpinit, 2016; Kim et al., 2019); and Hadi, 

2021), physics (Nurazmi & Bancong, 2021; Parno et al., 2019), biology (Amalya et al., 

2021; Fadhilah et al., 2022; Hasanah et al., 2021) and chemistry (Ariyatun & Octavianelis, 

2020; Prastika et al., 2022). Chemistry, as one of the scientific disciplines, has a central 

position in the STEM education framework. However, chemistry teaching methods often 

only emphasise the memorisation of facts and formulas, and ignore the inherent linkages 

between scientific concepts and real-world applications. Whereas chemistry material is not 

just memorisation, but requires an understanding of concepts that are interconnected in a 

meaningful way. Supardi & Putri further explained that learning chemistry requires a 

variety of diverse learning models. Thus, the STEM approach integrated with PBL is one of 

the appropriate learning strategies used in the chemistry learning process.  

Several previous studies have examined the trend of PBL-integrated STEM research. 

Herman et al. (2023), examined the integration of PBL with STEM in science learning on 

critical thinking skills based on articles published in 2020-2021. Suciana et al. (2023) 

examines the integration of PBL with STEM on student learning outcomes through articles 

published in 2016-2021. Based on previous research, the integration of PBL with STEM can 

improve critical thinking skills (Ariyatun & Octavianelis, 2020; Febrianto et al., 2021; 

Mustofa et al., 2021; Rohmah et al., 2021) and student learning outcomes (Ariyatun & 

Octavianelis, 2020; Nurazmi & Bancong, 2021). However, studies on the integration of PBL 

with the STEM approach in chemistry subjects have not been carried out.  Based on this, 

there are differences between previous research and this sistematic literature review (SLR), 

namely the assessment of STEM integrated PBL focused on chemistry learning materials to 

improve critical thinking skills and student learning outcomes over the last 8 years (2017-

2024). This study is important to do because it can be used as a consideration in using the 

STEM integrated PBL model as an alternative in chemistry learning to train critical thinking 

skills and student learning outcomes, which will have an impact on the quality of learning. 

 

Methods 

This research uses a systematic literature review or known as systematic literature 

review (SLR). SLR is a research methodology that is carried out by collecting and evaluating 

research on a particular topic, with the aim of identifying, reviewing, and evaluating all 

relevant research so as to answer the research questions that have been set (Triandini et 

al., 2019). This research consists of several stages adapted from Wahyudi & Putra (2022), 

namely the formulation of research questions, literature search, determination of inclusion 

and exclusion criteria, selection of literature, presentation, data processing, and conclusion 

drawing.  

 The formulation of research questions is carried out to assist in obtaining relevant 

information. There were two questions formulated in this study, namely: (1) "How much 

STEM-PBL implementation is applied to chemistry learning?"; and (2) "How is the 
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improvement of critical thinking skills and student learning outcomes after STEM-PBL 

implementation in chemistry learning?". Next, the data collection technique was carried 

out through literature search observations via the Google Scholar, Portal Garuda, and ERIC 

databases. The keywords used are "PBL-STEM integration", "STEM-PBL integration", "PBL 

integrated STEM approach implementation", and STEM integrated PBL implementation 

model". 

 The next stage is to determine the inclusion and exclusion criteria. This stage aims 

to facilitate the selection stage that has been obtained previously through several 

databases. The inclusion and exclusion criteria in this study are presented in Table 1.  

 

Table 1. Inclusion and Exclusion Criteria 

No Categoty Inclusion Criteria Exclusion Criteria 

1 Type of publication  Articles published in 

journal or proceeding 

Articles published in website or 

blog, and other 

2 Publication year 2017-2024 Less than 2017 

3 Independent variabel STEM integrated PBL Not STEM integrated PBL 

4 Dependent variabel Critical thinking and 

learning outcome 

Not Critical thinking and 

learning outcome 

5 Field Chemistry Outside of chemistry 

 

The next stage was literature selection. Selection was based on the criteria in Table 

1. Articles that do not meet the inclusion criteria based on the selection results will be 

eliminated. The results of the articles obtained through the selection stage were then 

reviewed, processed and presented in tabular form. The findings of the various articles 

then analysed descriptively and compared to answer the formulation of research questions, 

then summarised to reach a conclusion. 

The population in this study came from educational journals published in 20170-

2024. Based on the search results, 41 articles were found that integrated the PBL model 

with a STEM approach. From the 41 articles, a research sample of 12 articles was obtained 

which met the inclusion criteria as shown in Table 1. The samples obtained were then 

analyzed descriptively. 

 

Results and Discussion 
 

Application of STEM integrated with PBL in Chemistry 

The search results using several databases obtained as many as 38 articles on the 

integration between the STEM approach and the PBL learning model. The integration 

between the two is spread across various fields ranging from science, physics, 

mathematics, biology, and chemistry. The percentage of STEM integration with PBL in each 

field is presented in Figure 1.  
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Figure 1. Percentage of PBL-integrated STEM Theme Articles in Various Fields 

 

Figure 1 shows that the implementation of the STEM approach integrated with PBL 

in the field of chemistry obtained a percentage of 32% or 12 articles. These results show 

that the integration between PBL and STEM in chemistry learning activities has been done 

quite a lot compared to the fields of Biology, Mathematics, and Science. The large number 

of implementations of the PBL-integrated STEM approach in the field of chemistry is due to 

the fact that most chemical materials are abstract concepts, which cannot be seen directly 

with the naked eye (Stojanovska et al., 2017) causing some students to consider that 

learning chemistry is difficult to understand (Zakiyah et al., 2023). Moreover, chemistry 

education traditionally emphasizes memorization of theories, laws, and products, which 

can hinder students' ability to apply their knowledge to real-world problems, particularly 

those involving social issues (Ariyatun & Octavianelis, 2020). This traditional approach can 

also lead to disengagement among students, as they may not see the relevance of what 

they are learning to everyday life (Ariyatun & Octavianelis, 2020). 

Teachers also experience obstacles in the chemistry teaching process, because not 

all students are actively involved in the learning process (Manurung & Zubir, 2023). A 

strategy that promotes active participation and makes learning more tangible is therefore 

crucial. This is where the integration of STEM with PBL becomes particularly beneficial. 

Purnamasari et al. (2020) found that STEM-PBL-based teaching materials significantly 

enhance the learning experience in chemistry, providing students with the necessary tools 

to better understand complex concepts. Similarly, Manurung & Zubir (2023) demonstrated 

that the STEM-PBL model is both valid and feasible, resulting in more effective learning 

outcomes. Oktaviani et al. (2020) also reported positive results, highlighting that this 

approach not only improves students' understanding of chemistry but also their problem-

solving and critical thinking skills. Additionally, research by Ejiwale (2013) shows that the 

integration of STEM-PBL is beneficial not only for students but also for teachers. Teachers 

are better supported in delivering complex material through projects that are relevant to 

the students' daily lives. This makes the teaching and learning process more interactive 

and engaging. 

The integration of PBL with STEM in chemistry education addresses the subject's 

inherent challenges by making abstract concepts more tangible and relevant, thus 

enhancing student engagement and comprehension. This approach not only aids in 

overcoming the difficulties faced by students and teachers but also prepares students with 

32%

34%

13%
5% 16%

Chemistry Physics Biology Mathematic Science
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the skills necessary for the 21st century, such as critical thinking, problem-solving, and 

collaboration. The research evidence strongly supports the efficacy of this educational 

strategy, indicating its potential for broader application in STEM education. 

 

Implementation of STEM integrated with PBL in Chemistry Learning to Improve 

Student Competencies 

The implementation of the STEM approach integrated with the PBL model has been 

carried out in various fields of research, one of which is in the field of chemistry as shown 

in Figure 1. The implementation of STEM-PBL is proven to improve student competencies 

such as learning outcomes (C1), critical thinking (C2), science competence (C3), learning 

activities (C4), science process skills (C5), concept understanding (C6) and self regulation 

(C7). The implementation of STEM-PBL in improving student competence in chemistry 

learning is presented in Table 2. 

Table 2. Implementation of STEM-PBL in Improving Student Competence in Chemistry 

Learning   

No. Authors Year Material C1 C2 C3 C4 C5 C6 C7 

1 Adelita et al.  2017 Rate of reaction        

2 Rihhadatul’aysi 

et al.  

2018 Electrochemistry        

3 Winda et al. 2019 Electrolyte solutions 

and colligative 

properties of 

solutions 

       

4 Dotimineli & 

Mawardi 

2020 Energy        

5 Ariyatun & 

Octavianelis  

2020 Colloidal systems        

6 Awalin & 

Ismono 

2021 Chemical equilibrium        

7 Negari 2021 Acid and base 

solutions 

       

8 Khairunnisa et 

al.  

2022 Colloidal systems        

9 Prastika et al.   2022 Chemical equilibrium        

10 Ata et al.  2023 Rate of reaction        

11 Manurung & 

Zubir 

2023 Buffer solutions        

12 Arisa & 

Sitinjak,  

2024 Redox and 

electrochemical 

reactions  

       

 Total   4 6 1 1 1 1 1 

 

Table 2 shows that there are seven competencies trained in chemistry learning using 

STEM integrated PBL, namely learning outcomes, science competency abilities, learning 

activities, critical thinking, science process skills, self-regulation, and concept 

understanding. Based on the articles found, learning outcomes and critical thinking skills 
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are the most trained competencies in chemistry learning, this is in line with what happens 

in the field of physics (Agustin et al., 2020; Maulidia et al., 2019; S. I. P. Ningsih, 2020b; 

Nurazmi & Bancong, 2021; C. D. Putri et al., 2020; Y. E. E. Putri et al., 2021; Rohali et al., 

2023; Rohmah et al., 2021; Setyorini et al., 2021; Syarif et al., 2023; Zulfawati et al., 

2022), biology (Amalya et al., 2021; Fadhilah et al., 2022; Febrianto et al., 2021; Kulsum 

et al., 2020; Ningsih et al., 2022) and science (Adiwiguna et al., 2019; Cahyaningsih & 

Roektiningroem, 2018; Kartini et al., 2023; Zakiyah R et al., 2023) 

The high critical thinking skills trained using the STEM-PBL approach can be due to 

critical thinking being a 21st century skill, apart from problem solving, communication, 

collaboration, and creativity (Fathurohman et al., 2021; Zubaidah & Corebrima, 2020). 

Critical thinking is one of the skills that is needed now and in the future (Nuraeni et al., 

2019) in order to compete and adapt in the era of revolution 4.0 (Ananda & Salamah, 

2021). Critical thinking skills can increase students' analytical power (Nasihah et al., 2020; 

Wayudi et al., 2020) and their sensitivity to the situation in the surrounding environment 

(Arifah et al., 2021). So that this skill is a very important skill for students to have. This is 

what makes critical thinking skills a popular skill to be trained in learning activities with 

various potential models or approaches, including using the PBL model integrated with the 

STEM approach. The results of research conducted by Rushiana et al. (2023) also showed 

that there are various learning models used as an effort to improve students' critical 

thinking skills, where the PBL model is the most widely used learning model after the 

project-based lerning model. 

Learning outcomes are also widely studied in the field of chemistry after critical 

thinking skills. Learning outcomes are changes in a person's abilities after receiving 

learning experiences (Tanjung & Nababan, 2016). Forms of change as a result of learning 

can be in the form of changes in knowledge, understanding, attitudes and behaviour, as 

well as skills and abilities (Prastika, 2020). Learning outcomes can be seen from students' 

mastery of the subjects they take, and are the result of the interaction of some of the 

factors that influence the learning process as a whole (Anggraini & Imaniyati, 2018). Thus, 

it can be said that students can get good learning outcomes if various factors that support 

successful learning can be fulfilled. This is in accordance with what Salsabila & Salsabila & 

Puspitasari (2020) explained that student learning outcomes are influenced by internal 

factors (from within students) and external factors (from outside students). Of the two 

factors, external factors are considered to have an important role in developing the 

potential of students to improve learning outcomes (Pratiwi & Meilani, 2018). 

 The problem that often occurs in chemistry learning is that learning activities are 

still teacher-centred compared to students, this happens not only at the high school level 

(Erlina et al., 2019; Jamilah et al., 2021; Supadmi et al., 2017) but also at the university 

level which results in low learning outcomes (Winda et al., 2019). This can cause the STEM 

approach integrated with PBL to be widely implemented to improve learning outcomes in 

chemistry learning (Adelita et al., 2017; Awalin & Ismono, 2021; Manurung & Zubir, 2023; 

Winda et al., 2019). However, the problems in chemistry learning are not only in critical 

thinking skills and learning outcomes. Learning activities (Dotimineli & Mawardi, 2021), 

science competence (Rihhadatul’aysi et al., 2018), science process skills (Awalin & Ismono, 

2021), concept understanding (Prastika et al., 2022), and self-regulation (Khairunnisa et 

al., 2022) are also skills that are still a problem in learning chemistry, so the STEM-PBL 

approach is also an alternative to improve these various skills. 
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Effectiveness of STEM-PBL in Improving Critical Thinking Skills and Student 

Learning Outcomes 

Various studies on the implementation of STEM-PBL have proven to improve various 

skills. The effectiveness of STEM-PBL implementation on critical thinking skills and student 

learning outcomes is presented in Table 3.  

Table 3. Effectiveness of STEM-PBL on Critical Thinking Skills and Student Learning 

Outcomes in Chemistry Learning 

Author Result 

Adelita et al. 

(2017) 

The learning outcomes of students taught with PBL-STEM obtained a 

higher average score (83.25) compared to students who were not taught 

with STEM-PBL (77). 

Winda et al. 

(2019) 

There is a significant difference between student groups taught with PBL-

STEM compared to students taught with conventional models, with a 

tcount value (7.39) > ttable (1.67) 

Ariyatun & 

Octavianelis 

(2020) 

There was an increase in students' critical thinking skills in the 

experimental class based on the average N-gain of 0.56 (moderate 

category), and the control class of 0.33 (moderate category). 

Awalin & 

Ismono 

(2021) 

Student learning outcomes increased based on pretest (51), and 

posttest (83.33) scores, and obtained an N-gain value of 0.62 with a 

moderate category. 

Negari 

(2021) 

The average value of chemical critical thinking skills in the group of 

students taught with the PBL-STEM learning model is greater (7.162), 

compared to the group taught with the conventional learning model 

(4.015). 

Khairunnisa 

et al. (2022) 

The implementation of the STEM-based PBL model with virtual reality 

media can improve critical thinking skills with an N-gain value of 0.71 

(high category). 

Prastika et al. 

(2022) 

There is a difference in the average critical thinking skills of students in 

the experimental and control classes. The experimental class obtained a 

score of 85.74, while the control class obtained a score of 80.83. 

Ata et al. 

(2023) 

There is a significant difference between groups of students taught using 

the PBL-STEM method and students taught with conventional methods 

based on the results of the Mann Whitney test. 

Manurung & 

Zubir (2023) 

The learning outcomes of students who follow the learning process using 

PBL-STEM-based e-modules are higher than conventional methods. 

Arisa & 

Sitinjak 

(2024) 

There was an increase in students' critical thinking skills before and after 

implementing PBL-STEM based on the pretest value (86.9) and posttest 

value (91.57). 
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The results of research from various previous researchers seen in Table 3. show 

that the STEM approach integrated with the PBL model has a positive impact on students' 

critical thinking skills and learning outcomes in chemistry learning. This result is in 

accordance with what happens in physics, biology, mathematics, and science learning 

which shows that there is an increase in critical thinking skills and learning outcomes after 

implementing STEM-PBL learning (Cahyaningsih & Roektiningroem, 2018; Fadhilah et al., 

2022; Maulidia et al., 2019; Setyorini et al., 2021; Wahyuni et al., 2022). This can be due 

to the learning phase PBL STEM allows for elaboration, cooperation and collaborative 

interaction of students in analyzing problems and the reporting process (Ariyatun & 

Octavianelis, 2020), and provides motivation for students to create technological 

engineering to solve the problems presented (Awalin & Ismono, 2021). Furthermore, 

Negari (2021) explained that PBL integrated with STEM is able to build students' thinking 

power and experience so that it helps students prepare skills for the world of work.  

Critical thinking skills and learning outcomes after applying STEM-PBL learning show 

different improvements, ranging from the moderate category (Ariyatun & Octavianelis, 

2020; Awalin & Ismono, 2021) to the high category (Khairunnisa et al., 2022). This 

difference can be caused because in the group of students who obtained a higher score 

increase, STEM-PBL learning was carried out with the help of virtual reality media. Based 

on Supriadi & Hignasari (2019) research, virtual reality media can improve student learning 

outcomes. Most teachers also stated that virtual reality media can stimulate students' 

critical thinking skills (Oktarizka, 2024). Virtual reality can make the environment that 

cannot be seen directly by students become real (Ghali et al., 2012). Virtual reality has 

also been widely recommended as a technological breakthrough that has great potential to 

facilitate the learning process (Sun et al., 2010) 

The increase in critical thinking skills and learning outcomes in the moderate to high 

category after STEM-PBL learning is applied, contrary to the results of research conducted 

by Rohmah et al. (2021). The results showed that there was an increase in students' critical 

thinking skills after being taught with STEM-PBL learning with a low category. Although 

there was a low increase, almost all students experienced an increase in grades. Some of 

the factors that cause the low improvement in critical thinking skills after STEM-PBL 

implementation include: (1) the lack of students' prior knowledge of the material; (2) the 

teacher was not optimal in delivering the learning material because students could not 

understand the material well; (3) the lack of facilities that support the learning process, 

namely the projector so that the teacher cannot display the learning video (Rohmah et al., 

2021). In addition, based on research conducted by (Negari, 2021), learning independence 

also affects students' critical thinking skills. It was found that groups of students with high 

learning independence taught with the PBL-STEM learning model, obtained higher critical 

thinking skills compared to students who had low learning independence. Based on this, it 

can be said that although STEM-PBL learning can improve students' skills and learning 

outcomes, the improvement that occurs can vary depending on various factors, both 

internal factors (from within students), and external factors (from outside). 
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Conclusion 

 

Based on the results of the research and discussion, it can be conclude d that the 

integration between PBL and STEM in chemistry learning activities has been done quite a 

lot compared to other fields. Most of the PBL-STEM integration has been proven effective 

for improving critical thinking skills and student learning outcomes, both in the low to high 

categories. This is because each step in PBL-STEM learning allows for elaboration, 

cooperation, collaborative interaction of students in analysing problems in the learning 

process, and provides motivation for students to create technological engineering. So that 

STEM-PBL learning can be used as an alternative in learning chemistry.  

 

References 
 

Adelita, T., Suhery, T., & Ibrahim, A.R. 2017. Pengembangan strategi pembelajaran 

dengan pendekatan stem–problem based learning pada materi laju reaksi di kelas XI 

SMA. Jurnal Penelitian Pendidikan Kimia, 4(2):105-110.  https://doi.org/10.36706/ 

jppk.v4i2.8408. 

 

Adiwiguna, P. S., Dantes, N., & Gunamantha, I. M. 2019. Pengaruh model problem based 

learning (pbl) berorientasi stem terhadap kemampuan berpikir kritis dan literasi sains 

siswa kelas V SD di Gugus I Gusti Ketut Pudja. Pendasi: Jurnal Pendidikan Dasar 

Indonesia, 3(2):94–103. https://doi.org/10.23887/jpdi.v3i2.2871. 

 

Afrianto, A. 2018. Being a professional teacher in the era of industrial revolution 4.0: 

opportunities, challenges and strategies for innovative classroom practice. English 

Language Teaching and Research, 2(1):1-13. https://ejournal.unp.ac.id/index. 

php/eltar/article/view/102675 

  

Agussuryani, Q., Sudarmin, S., Sumarni, W., Cahyono, E., & Ellianawati, E. 2022. STEM 

literacy in growing vocational school student hots in science learning: a meta-analysis. 

International Journal of Evaluation and Research in Education, 11(1):51–60. 

https://doi.org/10.11591/ijere.v11i1.21647 

 

Agustin, M. D., Lesmono, A. D., & Widodo, H. M. 2020. Model problem based learning (PBL) 

dengan pendekatan science technology engineering mathematics (STEM) dalam 

pembelajaran fisika materi elastisitas di kelas Xi Mipa 4 SMA Negeri 2 Jember. Jurnal 

Pembelajaran Fisika, 9(2):50–54. https://doi.org/10.19184/jpf.v9i1.17964 

 

Akcanca, N. 2020. 21st Century skills: the predictive role of attitudes regarding stem 

education and problem-based learning. International Journal of Progressive Education, 

16(5):443–458. https://doi.org/10.29329/ijpe.2020.277.27 

 

Amalya, C.P., Artika, W., Safrida, S., Nurmaliah, C., Muhibbuddin, M., & Syukri, M. 2021. 

Implementation of the problem base learning model combined with e-STEM based 

student worksheets on learning outcomes and self efficacy on environmental pollution 

materials. Jurnal Penelitian Pendidikan IPA, 7:37–38. https://doi.org/10.29303/ 

jppipa.v7ispecialissue.962 

 

Ananda, P.N. & Salamah, U. 2021. Meta analisis pengaruh integrasi pendekatan stem 

dalam pembelajaran ipa terhadap kemampuan berpikir kritis peserta didik. Jurnal 

Penelitian Pembelajaran Fisika, 7(1):54–64. https://doi.org/10.24036/jppf. 

v7i1.111634 

https://doi.org/10.23887/jpdi.v3i2.2871


 

  
 

Tairas et al.: Building Bridges: How Integrated STEM with Problem-Based......|607                                                                                                                                                                                             
 

 

Anggraini, C. & Imaniyati, N. 2018. Fasilitas belajar dan manajemen kelas sebagai 

determinan terhadap prestasi belajar siswa. Jurnal Manajerial, 3(2):66-73. 

https://doi.org/10.17509/manajerial.v16i2.12742 

 

Arends, R.I. 2012. Learning To Teach, Nine Edition. New York: McGraw-Hill. 

 

Arifah, N., Kadir, F., & Nuroso, H. 2021. Hubungan antara model pembelajaran problem 

based learning dengan kemampuan berpikir kritis pada pembelajaran fisika siswa. 

Karst: Jurnal Pendidikan Fisika dan Terapannya, 4(1):14–20. https://doi.org/10. 

46918/karst.v4i1.946 

 

Arisa, S. & Sitinjak, D.S. 2022. Implementation of the STEM-PBL approach in online 

chemistry learning and its impact on students’ critical thinking skills. Jurnal Pendidikan 

Kimia Indonesia, 6(2):88–96. https://doi.org/10.23887/jpki.v6i2.44317 

 

Arisoy, B. & Aybek, B. 2021. The effects of subject-based critical thinking education in 

mathematics on students’ critical thinking skills and virtues. Eurasian Journal of 

Educational Research, 92:99–120. https://doi.org/10.14689/ejer.2021.92.6 

 

Ariyatun & Octavianelis, D.F. 2020. Pengaruh model problem based learning terintegrasi 

stem terhadap kemampuan berpikir kritis siswa. Journal of Educational Chemistry, 

2(1):33-39.  

 

Ata, P.F., Rahmadani, A., & Erika, F. 2023. Implementation of the PBL-STEM model to 

improve students’ critical thinking on reaction rate material. Hydrogen: Jurnal 

Kependidikan Kimia, 11(5):645-652. https://doi.org/10.33394/hjkk.v11i5.8609 

 

Awalin, N.A. & Ismono, I. 2021. The implementation of problem based learning model 

with stem (science, technology, engineering, mathematics) approach to train 

students’ science process skills of xi graders on chemical equilibrium topic. Insecta: 

Integrative Science Education and Teaching Activity Journal, 2(1):1–14.  

https://doi.org/10.21154/insecta.v2i1.2496 

 

Bybee, R. W. 2019. Using the BSCS 5E instructional model to introduce STEM disciplines. 

Science and Children, 56(6):8–12. 

 

Cahyaningsih, F., & Roektiningroem, E. 2018. Pengaruh pembelajaran ipa berbasis stem-

PBL terhadap keterampilan berpikir kritis dan hasil belajar kognitif. E-Journal 

Pendidikan IPA, 7(5):129–135.  
 

Davidi, E.I.N., Sennen, E., & Supardi, K. 2021. Integrasi pendekatan STEM (science, 

technology, enggeenering and mathematic) untuk peningkatan keterampilan berpikir 

kritis siswa Sekolah Dasar. Scholaria: Jurnal Pendidikan Dan Kebudayaan, 11(1):11–

22. https://doi.org/10.24246/j.js.2021.v11.i1.p11-22 

 

Diana, N., Yohannes, & Sukma, Y. 2021. The effectiveness of implementing project-based 

learning (PjBL) model in STEM education: A literature review. Journal of Physics: 

Conference Series, 1882(1):1-6. https://doi.org/10.1088/1742-6596/1882/1/012146 

 

Dotimineli, A., & Mawardi, M. 2021. Development of STEM integrated PBL-based student 

worksheets in energetic materials of first-year students. Journal of Physics: 



 

 

608| Jurnal Pendidikan Sains Indonesia (Indonesian Journal of Science Education), 12(3), p.597-613, (2024) 

 

Conference Series, 1788(1): 1-7. http://doi.org/10.1088/1742-6596/1788/1/012045 

 

Ejiwale, J.A. 2013. Barriers to successful implementation of STEM education. Journal of 

Education and Learning, 7(2):63–74. https://doi.org/10.1007/978-3319-24436-5_20 

 

Erlina, E.E., Rona, R.R., Efridah, E., & Rizki, R. 2019. Penerapan model pembelajaran 

kooperatif wordsquare untuk meningkatkan prestasi belajar kimia siswa pada pokok 

bahasan koloid di kelas XI SMAS Cerdas Murni. Talenta Conference Series: Science 

and Technology (ST), 2(1): 159–163. https://doi.org/10.32734/st.v2i1.336 

 

Fadhilah, N., Nurdiyanti, N., Anisa, A., & Wajdi, M. 2022. Integrasi STEM-problem based 

learning melalui daring terhadap keterampilan berpikir kritis mahasiswa pendidikan 

biologi. Jurnal IPA & Pembelajaran IPA, 6(1):1–10. https://doi.org/10.24815/ 

jipi.v6i1.22721 

 

Fajrilia, A. 2019. Pengaruh model problem based learning terhadap kemampuan berpikir 

tingkat tinggi dalam perspektif efikasi diri siswa SMA. Jurnal Pendidikan: Teori, 

Penelitian, dan Pengembangan, 4(10):1276-1280.http://dx.doi.org/10.17977/ 

jptpp.v4i10.12798 

 

Fathurohman, A., Susiloningsih, E., & Arianti, A. 2021. Physics module based on STEM 

problem based learning on newton’s motion law material for senior high school. 

Physics: Conference Series, 1869(1):1-6 https://doi.org/10.1088/1742-

6596/1869/1/012155 

 

Febrianto, T., Ngabekti, S., Saptono, S., Haryono, J.M., & Selatan, S. 2021. The 

Effectiveness of Schoology-Assisted PBL-STEM to Improve Critical Thinking Ability of 

Junior High School Students. Journal of Innovative Science Education, 10(2):222–229. 
https://doi.org/10.15294/JISE.V9I3.42993 

 

Ghali, N.I., Soluiman, O., El-Bendary, N., Nassef, T.M., Ahmed, S.A., Elbarawy, Y.M., & 

Hassanien, A.E. 2012. Virtual reality technology for blind and visual impaired people: 

reviews and recent advances. Intelligent Systems Reference Library, 26:363–385. 

https://doi.org/10.1007/978-3-642-23363-0_15 

 

Haatainen, O., & Aksela, M. 2021 . Project-based learning in integrated science education: 

active teachers’ perceptions and practices. Lumat, 9(1):149–173. https://doi.org/10. 

31129/LUMAT.9.1.1392 

 

Hadi, F.R. 2021. Efektifitas model PBL terintegrasi stem terhadap kemampuan berpikir 

kritis matematis siswa kelas V SD. Jurnal Pendidikan Tambusai, 5(3):6644-6649.  

https://doi.org/10.31004/jptam.v5i3.2005 

 

Hallström, J., & Schönborn, K. J. 2019. Models and Modelling for Authentic STEM Education: 

Reinforcing the Argument. International Journal of STEM Education, 6(1), 1–10. 

https://doi.org/10.1186/s40594-019-0178-z 

 

Hasanah, Z., Ritonga, S., Ikhsan, Z., & Suarni, S. 2021. The Implementation of Problem 

Based Learning Integrated with STEM-Based Worksheets to Improve Learning 

Motivation. Asian Journal of Science Education, 3(2):102–112. https://doi.org/10. 

24815/ajse.v3i2.19745 

 

https://doi.org/10.15294/jise.v9i3.42993


 

  
 

Tairas et al.: Building Bridges: How Integrated STEM with Problem-Based......|609                                                                                                                                                                                             
 

Herman, D.F., Hanum, W.N., Prastiwi, Z.N., & Wahyuni, S. 2023. Integrasi problem based 

learning dengan STEM dalam pembelajaran IPA. Jurnal Ilmiah Wahana Pendidikan, 

9(16):153–158.  https://doi.org/10.5281/zenodo.8232552 

 

Inpinit, J. 2016. The Effect of Using PBL with the STEM Education Concept. International 

Conference on Mathematics, Engineering and Industrial Applications, AIP, 1755(1):1-

6. https://doi.o; rg/doi: 10.1063/1.4965157 

 

Ismail, D.H., Nugroho, J., & Rohayati, T. 2023. Literature Review: Soft Skill Needed by Gen 

Z in the Era RI 4.0 and Society 5.0. Majalah Ilmiah Bijak, 20(1):119–131. 

https://doi.org/10.31334/bijak.v20i1.3119  

 

Jamilah, J., Sartika, R. P., & Ulfah, M. 2021. Pengaruh model pembelajaran kooperatif tipe 

stad terhadap hasil belajar siswa pada materi atom dan partikel penyusunnya. Jurnal 

Pendidikan Informatika dan Sains, 10(1):48–56. https://doi.org/10.31571/ 

saintek.v10i1.2465 

 

Kartini, A., Husamah, H., Permana, F. H., & Mohd Shukri, A. A. Bin. 2023. PBL-based STEM: 

Its effect on the cognitive learning outcome of junior high school students. Jurnal 

Biolokus, 6(2): 187-195. https://doi.org/10.30821/biolokus.v6i2.2673 

 

Khairunnisa, K., Saadi, P., & Leny. 2022. Implementasi Model Problem Based Learning 

Berbasis Stem Dengan Media Virtual Reality Terhadap Kemampuan Berpikir Kritis Dan 

Self Regulation Peserta Didik. Quantum: Jurnal Inovasi Pendidikan Sains, 13(1): 96-

108. https://doi.org/10.20527/quantum.v13i1.12109 

 

Kim, M. K., Lee, J. Y., Yang, H., Lee, J., Jang, J. N., & Kim, S. J. 2019. Analysis of 

elementary school teachers’ perceptions of mathematics-focused STEAM education in 

Korea. Eurasia Journal of Mathematics, Science and Technology Education, 15(9): 1–

13. https://doi.org/10.29333/ejmste/108482 

 

Komang, W., Yenny, M., & Sudita, P. 2014. Jus Buah Naga Merah Menurunkan Kadar 

Glukosa Darah Penderita DMT2. Jurnal Skala Husada, 11(1):59–66.  

 

Kulsum, U., Hariyadi, S., & Iqbal, M. 2020. The effect of a stem approach with the problem 

based learning model on communicative skills and student learning outcomes. Science 

Edu: Jurnal Pendidikan IPA, III(2): 58–70. https://doi.org/10.19184/se.v3i2.19037 

 

Liao, Y., Loures, E. R., Deschamps, F., Brezinski, G., & Venâncio, A. 2018. The impact of 

the fourth industrial revolution: A cross-country/region comparison. Production, 28( 

e20180061): 1-18. https://doi.org/https://doi.org/10.1590/0103-6513.20180061 

 

Manurung, A. J., & Zubir, M. 2023. Pengembangan E-Modul Pembelajaran Kimia Berbasis 

Masalah Terintegrasi STEM pada Materi Larutan Penyangga. Pediaqu: Jurnal 

Pendidikan Sosial Dan Humaniora, 2(2): 883–891.  

                                                                                                                                                                       

Marwah, A. S., & Pertiwi, F. N. 2024. Literasi Sains Siswa dalam Berinovasi pada 

Pembelajaran IPA Berbasis Produk. Jurnal Tadris IPA Indonesia, 4(11): 114–126. 

https://doi.org/10.21154/jtii.v4i1.3064 

 

Maulidia, A., Lesmono, A. D., & Supriad, B. 2019) Inovasi pembelajaran fisika melalui 

penerapan model pbl (problem based learning) dengan pendekatan stem education 

https://doi.org/10.5281/zenodo.8232552
https://doi.org/10.31334/bijak.v20i1.3119
https://doi.org/10.19184/se.v3i2.19037
https://doi.org/10.21154/jtii.v4i1.3064


 

 

610| Jurnal Pendidikan Sains Indonesia (Indonesian Journal of Science Education), 12(3), p.597-613, (2024) 

 

untuk meningkatkan hasil belajar siswa pada materi elastisitas dan hukum hooke di 

SMA. FKIP E-Proceeding, 4(1):185–190.  
 
McFarlane, D. A. 2013. Understanding the Challenges of Science Education in the 21st 

Century. New Opportunities for Scientific Literacy, 4:35–44. https://bit.ly/4bjEdeU 

 

Muhali, M. 2019. Pembelajaran Inovatif Abad Ke-21. Jurnal Penelitian Dan Pengkajian Ilmu 

Pendidikan: E-Saintika, 3(2):25-50. https://doi.org/10.36312/e-saintika.v3i2.126 

 

Mustofa, M.R., Arif, S., & Aristiawan, A.K.S. 2021. Efektivitas model pembelajaran problem 

based learning berbasis stem terhadap peningkatan kemampuan berpikir kritis siswa. 

Jurnal Tadris IPA Indonesia, 1(3):68–72.https://doi.org/10.21154/jtii. v1i3.165 

 

Nasihah, E.D., Supeno, S., & Lesmono, A.D. 2020. Pengaruh tutor sebaya dalam 

pembelajaran problem based learning terhadap keterampilan berpikir kritis fisika 

siswa SMA. Jurnal Pendidikan Fisika, 8(1):44. https://doi.org/10.24127/jpf.v8i1.1899 

 

Negari, E.C.A. 2021. Pengaruh model pembelajaran dan kemandirian belajar terhadap 

kemampuan berpikir kritis kimia siswa kelas X SMK di Kabupaten Bogor. Cendekia: 

Jurnal Ilmu Pengetahuan, 1(4):265–275. https://doi.org/10.51878/cendekia. 

v1i4.562 

 

Ningsih, S.I.P. 2020a. Penerapan model pembelajaran pbl terintegrasi stem untuk 

meningkatkan aktivitas dan hasil belajar peserta didik di kelas XII IPA 5 SMAN 7 

Padang. Pillar of Physics Education, 13(3):443–450.htp://dx.doi.org/10.24036/ 

9893171074 

 

Nuraeni, S., Tonih Feronika, & Luki Yunita. 2019. Implementasi Self-Efficacy dan 

Keterampilan Berpikir Kritis Siswa Pada Pembelajaran Kimia di Abad 21. Jambura 

Journal of Educational Chemistry, 1(2):49–56. https://doi.org/10.34312/jjec. 

v1i2.2553 

 

Nurazmi, & Bancong, H. 2021. Integrated STEM-problem based learning model: its effect 

on students’ critical thinking. Kasuari: Physics Education Journal, 4(2):70–77. 

https://doi.org/10.37891/kpej.v4i2.219 

 

OECD. 2019. PISA 2018 Assessment and Analytical Framework. https://doi.org/10.37891 

/kpej.v4i2.219 

 

Oktarizka, D.A. 2024. Analisis kebutuhan pengembangan media virtual reality sistem 

pencernaan untuk meningkatkan berpikir kritis kelas V SD. Jurnal Elementaria 

Edukasia, 7(1):2225–2235. https://doi.org/10.31949/jee.v7i1.8819 

 

Oktaviani, A., Anom, K., & Lesmini, B. 2020. Pengembangan Modul Kimia terintegrasi STEM 

(Science, Technology, Engineering and Mathematics) dan PBL (Problem-Based 

Learning). Journal of Educational Chemistry (JEC), 2(2):64-72. https://doi.org/10. 

21580/jec.2020.2.2.6279 

 

Parno, Yuliati, L., & Ni’Mah, B.Q.A. 2019. The influence of PBL-STEM on students’ problem-

solving skills in the topic of optical instruments. Journal of Physics: Conference Series, 

1171(1):1-8. https://doi.org/10.1088/1742-6596/1171/1/012013 

 

https://doi.org/10.37891/kpej.v4i2.219


 

  
 

Tairas et al.: Building Bridges: How Integrated STEM with Problem-Based......|611                                                                                                                                                                                             
 

Prastika, F.R., Dasna, I.W., & Santoso, A. 2022. Implementation of problem-based 

learning-stem strategy on students’ conceptual understanding and critical thinking in 

fundamental of chemical equilibrium. Jurnal Ilmu Pendidikan, 28(1):1-6. 

https://doi.org/10.17977/um048v28i1p1-6 

 

Prastika, Y.D. 2020. Matematika Siswa Smk Yadika Bandar Lampung. Jurnal Ilmiah 

Matematika Realistik (JI-MR), 1(2):17–22. https://doi.org/10.33365/ji-mr.v1i2.519 

 

Pratiwi, I.T.M. & Meilani, R.I. 2018. Peran media pembelajaran dalam meningkatkan 

prestasi belajar siswa. Jurnal Pendidikan Manajemen Perkantoran, 3(2):33. 

https://doi.org/10.17509/jpm.v3i2.11762 

 

Priliyanti, A., Muderawan, I. W., & Maryam, S. 2021. Analisis kesulitan belajar siswa dalam 

mempelajari kimia kelas Xi. Jurnal Pendidikan Kimia Undiksha, 5(1):11. 

https://doi.org/10.23887/jjpk.v5i1.32402 

 

Purnamasari, D., Ashadi, & Utomo, S.B. 2020. Analysis of STEM-PBL based e-module needs 

to improve students’ critical-thinking skills. Journal of Physics: Conference Series, 

1511(1). https://doi.org/10.1088/1742-6596/1511/1/012096 

 

Putri, C.D., Pursitasari, I.D., & Rubini, B. 2020 Problem based learning terintegrasi stem di 

era pandemi covid-19 untuk meningkatkan keterampilan berpikir kritis siswa. Jurnal 

IPA & Pembelajaran IPA, 4(2):193–204. https://doi.org/10.24815/ jipi.v4i2.17859 

 

Putri, Y.E.E., Lesmono, A.D., & Nuraini, L. 2021. Pengaruh model problem based learning 

dengan pendekatan stem terhadap hasil belajar kognitif pada pembelajaran fisika di 

SMA. Jurnal Pembelajaran Fisika, 10(2):62-69. https://doi.org/10.19184/jpf. 

v10i2.24602 

 

Rahayuni, G. 2016. Hubungan Keterampilan Berpikir Kritis Dan Literasi Sains Pada 

Pembelajaran IPA Terpadu Dengan Model PBM Dan STM. Jurnal Penelitian dan 

Pembelajaran IPA, 2(2): 131-146. https://doi.org/10.30870/jppi.v2i2.926 

 

Rahmadani, N., & Anugraheni, I. 2017. Peningkatan Aktivitas Belajar Matematika Melalui 

Pendekatan Problem Based Learning Bagi Siswa Kelas 4 SD. Scholaria: Jurnal 

Pendidikan dan Kebudayaan, 7(3):241. https://doi.org/10.24246/j.scholaria. 

2017.v7.i3.p241-250 

 

Rihhadatul’aysi, F.A., Feronika, T., & Sapinatul, B.E. 2018. Problem based learning model 

integrated with science, technology, engineering, and mathematics (STEM) on 

Students’ Science Competency Ability. In Proceeding of the 1st International 

Conference Recent Innovation, (ICRI 2018):38–44. https://doi.org/10.5220/ 

0009914100380044 

 

Rohali, P.A., Qadar, R., & Syam, M. 2023. The effect of the stem-pbl learning on students’ 

learning outcomes on optical concepts. International Journal of STEM Education for 

Sustainability, 3(1):184–194. https://doi.org/10.53889/ijses.v3i1.137 

 

Rohmah, H. N., Suherman, A., & Utami, I.S. 2021. Penerapan problem based learning 

berbasis stem pada materi alat optik untuk meningkatkan kemampuan berpikir kritis 

peserta didik. Jurnal Penelitian Pembelajaran Fisika, 12(2):117–123. 

https://doi.org/10.26877/jp2f.v12i2.7900 

http://dx.doi.org/10.33365/ji-mr.v1i2.519


 

 

612| Jurnal Pendidikan Sains Indonesia (Indonesian Journal of Science Education), 12(3), p.597-613, (2024) 

 

 

Rushiana, R.A., Sumarna, O., & Anwar, S. 2023. Efforts to develop students’ critical 

thinking skills in chemistry learning: systematic literature review. Jurnal Penelitian 

Pendidikan IPA, 9(3):1425–1435. https://doi.org/10.29303/jppipa.v9i3.2632 

 

Salsabila, A., & Puspitasari. 2020. Faktor-Faktor Yang Mempengaruhi Prestasi Belajar 

Siswa Sekolah Dasar. Jurnal Pendidikan dan Dakwah, 2(2):278–288.  

 

Setyorini, R. A., Permanasari, A., & Ardianto, D. 2021. Problem-Based Learning with 

Science, Technology, Engineering, and Mathematics (STEM) Approach to Improve 

Critical Thinking Skills and Conceptual Understanding of Junior High School Students. 

Journal of Science Education and Practice, 5(2):54–73. https://doi.org/10.33751/ 

jsep.v5i2.5699  

 

Stojanovska, M.M., Petruševski, V., & Šoptrajanov, B. 2017. Study of the Use of the Three 

Levels of Thinking and Representation. Contributions, Section of Natural, 

Mathematical and Biotechnical Sciences, 35(1):37–46. https://doi.org/10.20903/ 

csnmbs.masa.2014.35.1.52 

 

Suciana, D., Hartinawati, Sausan, I., & Meliza. 2023. A Meta-Analysis Study: The Effect of 

Problem Based Learning Integrated with STEM on Learning Outcomes. European 

Journal of Education and Pedagogy, 4(2):133–138. https://doi.org/10.24018/ejedu. 

2023.4.2.619 

 

Sudiana, I.K., Suja, I.W., & Mulyani, I. 2019. Analisis kesulitan belajar kimia siswa pada 

materi kelarutan dan hasil kali kelarutan. Jurnal Pendidikan Kimia Indonesia, 3(1):7-

16. https://doi.org/10.23887/jpk.v3i1.20943 

 

Sun, K.T., Lin, C.L., & Wang, S.M. 2010. A 3-D virtual reality model of the sun and the 

moon for e-learning at elementary schools. International Journal of Science and 

Mathematics Education, 8(4):689–710. https://doi.org/10.1007/s10763-009-9181-z 

 

Supadmi, N.L., Wiratma, I.G.L., & Merta, L.M. 2017. Penerapan metode mind mapping 

untuk meningkatkan aktivitas dan hasil belajar kimia siswa kelas X MIA. Jurnal 

Pendidikan Kimia Indonesia, 1(2):48-52. https://doi.org/10.23887/jpk.v1i2.12811 

 

Supriadi, M. & Hignasari, L.V. 2019. Pengembangan media pembelajaran berbasis virtual 

reality untuk meningkatkan hasil belajar peserta didik Sekolah Dasar. KOMIK 

(Konferensi Nasional Teknologi Informasi dan Komputer, 3(1):578–581. 

https://doi.org/10.30865/komik.v3i1.1662 

 

Suswati, U. 2021. Penerapan problem based learning (PBL) meningkatkan hasil belajar 

kimia. Teaching : Jurnal Inovasi Keguruan dan Ilmu Pendidikan, 1(3):127–136. 

https://doi.org/10.51878/teaching.v1i3.444 

 

Syarif, R.U.R., Prasetyo, E., & Donuata, P.B. 2023. Development of STEM Integrated LKPD 

to Improve the Critical Thinking Ability of Class X Students. EduMatika: Jurnal MIPA, 

3(2): 31–36. https://doi.org/10.30596/jcositte.v1i1.xxxx 

 

Tanjung, H. S., & Nababan, S. A. 2016. Pengaruh penggunaan metode pembelajaran 

bermain terhadap hasil belajar matematika siswa materi pokok pecahan di kelas III 

SD Negeri 200407 Hutapadang. Jurnal Bina Gogik, 3(1): 35–42.  

https://doi.org/10.33751/jsep.v5i2.5699
https://doi.org/10.33751/jsep.v5i2.5699


 

  
 

Tairas et al.: Building Bridges: How Integrated STEM with Problem-Based......|613                                                                                                                                                                                             
 

 

Triandini, E., Jayanatha, S., Indrawan, A., Werla Putra, G., & Iswara, B. 2019. Metode 

Systematic Literature Review untuk Identifikasi Platform dan Metode Pengembangan 

Sistem Informasi di Indonesia. Indonesian Journal of Information. 1(2): 63-77. 

https://doi.org/10.24002/ijis.v1i2.1916 

 

Wahyudi & Putra, A. 2022. Systematics Literature Review : Eksplorasi. Jurnal Iilmiah 

Pendidikan Matematika, Matematika Dan Statistika. Jurnal Lebesgue: Jurnal Ilmiah 

Pendidikan Matematika, Matematik  dan Sains,  3(1): 173–185. https://doi.org/10. 

46306/lb.v3i1.110 

 

Wahyuni, F.T., Dewi, R., & Lestari, T. 2022. Eksperimentasi Model Pbl Berbasis STEM 

Terhadap Wirausaha Siswa Kelas Vii MTs NU Assalam Kudus. Jurnal Pendidikan 

Indonesia: Teori, Penelitian, dan Inovasi, 2(3):41–49. 

 

Wayudi, M., Suwatno, & Santoso, B. 2020. Kajian Analisis Keterampilan Berpikir Kritis 

Siswa Sekolah Menengah Atas. Jurnal Pendidikan Manajemen Perkantoran, 5(1):67–

82. https://doi.org/10.17509/jpm.v5i1.25853 

 

Winda, Z., Suhery, T., & Desi. 2019. Hasil Belajar Mahasiswa Dalam Pembelajaran Modul 

Larutan Elektrolit Dan Sifat Koligatif Larutan Berbasis STEM-Problem Based Learning 

Program Studi Pendidikan Kimia. Jurnal Penelitian Pendidikan Kimia: Kajian Hasil 

Penelitian Pendidikan Kimia, 6(1):12–17.  

 

Wulandari, & Inggit, N. 2018. Skripsi. Meningkatkan Aktivitas Belajar Siswa dengan 

Menggunakan Model Pembelajaran Scramble Pada Pembelajaran IPS di Kelas IIIB SD 

Negeri 13/I Rengas Condong. Resporoty UNJA, 1–20. https://repository.unja.ac.id/ 

id/eprint/3830 

 

Zakiyah R, N., Ramli, Y., & Irawan, F. 2023. Pengaruh Pembelajaran PBL terintegrasi STEM 

terhadap Keterampilan Berpikir Kritis Siswa. Jurnal Jeumpa, 10(2): 269–277. 

https://doi.org/10.33059/jj.v10i2.8479 

 

Zubaidah, S. 2019. Pendidikan karakter terintegrasi keterampilan abad Ke-21. Jurnal 

Penelitian dan Pengkajian Ilmu Pendidikan: E-Saintika, 3(2):1–

24.https://doi.org/10.36312/e-saintika.v3i2.125 

 

Zubaidah, S., & Corebrima, A.D. 2020. Refining student’s creative thinking through 

problem oriented project-based learning and student team achievement division. 

Journal of Physics: Conference Series, 1521(4). https://doi/org/10.1088/1742-

6596/1521/4/042022 

 

Zulfawati, Z., Mayasari, T., & Handhika, J. 2022. The effectiveness of the problem-based 

learning model integrated stem approach in improving the critical thinking skills. 

Jurnal Penelitian Fisika dan Aplikasinya (JPFA), 12(1):76–91. https://doi.org/10. 

26740/jpfa.v12n1.p76-91 

 


