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This article discusses the importance of STEM learning in optimizing critical thinking 

skills in physics learning. It presents an overview of STEM learning to identify, train 

and improve students' critical thinking skills to assess misconceptions in the science 

education research literature since 2010. This study published articles in primary 

science education journals and indexed them in the leading research database to obtain 

data on STEM-based physics learning and critical thinking skills. To identify relevant 

studies in the literature, we conducted a systematic search of the two databases with 

the document analysis method. The investigation was limited to Indonesia's studies 

published between 2010 and 2020 for the most recent STEM-based physics learning 

studies and critical thinking skills based on the most recent findings. This study 

summarizes STEM learning at the high school and the undergraduate students. The 

implementation of the research related to STEM-based physics learning with critical 

thinking skills variables was in various teaching materials, learning models, and 

learning media. Teachers taught physics concepts using the STEM approach to 

improve critical thinking skills, including optical tools, thermodynamics, temperature 

and heat, dynamic fluids, and sound waves. The findings of this study can be used as 

a reference in the development of STEM learning patterns in the realm of science and 

physics education to improve students' critical thinking skills, which are the demands 

of skills in the 21st century that students must possess. 

This is an open-access article under the CC–BY-SA license. 
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I. Introduction  

Many reviews on STEM (Science, Technology, 

Engineering, and Mathematics) arose in 1990 [1]. STEM 

in the curriculum focuses on the notion of educating 

learners in four integrated disciplines. They are science, 

technology, engineering, and mathematics with an inter-

disciplinary and application approach [2]. STEM is a 

science discipline and curriculum with science, 

technology, engineering, and mathematics. The acronym 

STEM was introduced in 1990 by the science 

administrator of The National Science Foundation (NSF) 

of the United States of America [3]. Previously, the 

organization used the term STEM when referring to a 

particular discipline's career field or an integrated science-

skill curriculum. In 2001, an NSF's biologist, educational, 

and human resource director assistant named Judith 

Ramaley in America re-arranged words and created an 

acronym of STEM [4]. Since the moment, any STEM-

focused curriculum has widely spread outside of the 

United States of America. The curriculum has specifically 

developed programs based on the areas such as Asia, 

Australia, China, France, Southern Korea, Taiwan, and 

English [5]. 

The findings of international studies, such as TIMSS 

(Trends in International Mathematics and Science Study), 

are regularly researched on an international scale to 

compare mathematics competence and cognitive science 

achievement of fourth and eighth graders [6], [7]. On the 
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other hand, PISA (Program for International Student 

Assessment) promotes a three-year assessment of the 

cognition and skills of learners aged 15 years [8], [9]. The 

findings obtained by PISA have also been carried out by 

several researchers who researched the implementation of 

the STEM learning approach among high school students. 

Many high school students are still stuck in participating 

in integrated learning simultaneously by prioritizing 

aspects of science, technology, engineering, and 

mathematics [10]. Moreover, each student has a dominant 

ability in only one aspect. However, this is not a significant 

problem in implementing STEM-based physics learning 

for high school students. 

In studying physical phenomena, students must 

master mathematical abilities [11]. In addition, students 

also need to adapt to technology and engineering to solve 

any existing physics problems. That is, STEM learning in 

physics can strengthen students' mathematical, 

technological, and engineering abilities [12]. It can also 

support the implementation of learning in other science 

groups such as chemistry and biology. Chemistry and 

biology learning in the future will certainly be related to 

each other with physics, which must prioritize 

understanding mathematical concepts to discuss these 

phenomena [13]. The STEM learning approach can 

optimize students' abilities in learning physical chemistry 

and physical biology by prioritizing strengthening 

mathematical abilities and mastering technology to help 

understanding and problem solving [14]. 

The STEM approach does not significantly impact if 

its implementation is carried out on arts and social-

humanities learning whose scientific basis does not require 

students to understand mathematical abilities. However, 

the STEM learning pattern that is carried out by combining 

several disciplinary approaches can also be used to 

optimize students' abilities in learning arts and humanities 

if the implementation of learning is integrated with similar 

branches of science [15]. Thus, educators need to improve 

the implementation of learning that integrates several 

sciences or expertise so that students can grow various 

views in dealing with each problem. In physics learning, 

every educator and student needs to synergize in applying 

physics and mathematics learning simultaneously because 

mathematics cannot be separated from physics and as a 

step in implementing the STEM approach according to 

learning objectives [16]. 

Furthermore, some teachers integrate project-based 

activities that require cognitive and psychomotor 

implementation in certain areas, such as engineering. In 

some instances, extracurricular activities are included as 

team competitions. They can be added together or 

extended for a specific purpose. Undergraduate students 

also have the opportunity to spend their time with STEM 

experts regarding the availability of on-the-job training 

programs [17]–[20]. STEM has often been studied to 

measure, improve, and train students' critical thinking 

skills [21]–[26]. In addition, teachers can apply STEM-

based learning to train, improve, and measure students' 

creative thinking skills at various levels [27]–[30]. 

Integrated STEM learning can improve critical thinking 

skills [31]–[35]. This finding is also by the findings in 

physics learning which shows that physics learning carried 

out by integrating the traditional game-based STEM 

approach can improve students' critical thinking skills 

[36].  

This can happen considering that physics learning is 

fun for students. Students feel enjoy during learning, and 

they actively question every physical phenomenon that 

occurs in real or virtual traditional games through 

simulations [37]. Simultaneously integrating science, 

technology, engineering, and mathematics in physics 

learning raises student curiosity in responding to every 

physical phenomenon from various points of view and is 

properly accommodated [38]. Students often question 

every narrow gap from every discussion of physics 

material delivered by the teacher. This is one of the 

indicators that physics learning is by the learning 

objectives and can grow students' critical thinking skills 

[39]. However, some findings show that the STEM 

approach does not really contribute to optimizing students' 

critical thinking skills [40]. Thus, the success factor in 

optimizing students' critical thinking skills through STEM 

learning is not only from the draft learning guidelines that 

have been compiled.  

However, what is far more important is the teacher's 

ability to identify student needs, classroom mastery skills, 

physics and STEM concepts mastery skills, and problem-

solving skills by integrating various STEM concepts. This 

review of contrasting findings is very important in STEM-

based learning and the correlation of critical thinking skills 

in high school physics learning. This study chose critical 

thinking skills as a variable because STEM learning is 

strongly correlated with skills to address each problem in-

depth and accurately. Moreover, mastery of critical 

thinking skills by mastering technological advances, 

engineering, science, and mathematics is very much 

needed in the development of the 21st century [41], [42]. 

In its correlation with the critical thinking skill of 

physics lessons, STEM has specific features. Physics 

learning is strongly correlated with physics concepts with 

its mathematics language as the mean [41]-[43]. Learners 

would understand the contextual process of physics 

concepts around their surroundings [44]–[46]. For 

example, learners that listened to accident news on the 

road. They might explain the accident using momentum 

and impulse concepts between two collided objects. 

Another example could be a crashed object. Teachers 

might apply mathematics calculation to identify which one 

was the victim. In the academic setting, students could 

create reconstructions optimally. Thus, it is possible to 

improve learners' physics understanding and their learning 

achievements. 

Furthermore, this study aims to examine the 

importance of STEM learning to optimize students' critical 

thinking skills in learning physics. This article also 

presents an overview of STEM learning to identify, train, 

and improve students' critical thinking skills to 

comparatively assess misconceptions in the 2010s science 
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education research literature. The significance of the 

research relates to its contribution to the literature by 

describing STEM learning and critical thinking skills, 

especially in physics learning in Indonesia. In addition, 

this study also briefly compares STEM learning and 

critical thinking skills learning in general by considering 

Indonesia's strengths and weaknesses. Researchers apply 

STEM correlation analysis and critical thinking skills to 

enrich the literature on STEM-based physics learning, 

focusing on achieving student competencies in a 

comprehensive, focused, and based on actual needs. 

 

II. Theory 

STEM 
STEM learning combines elements of science, 

technology, engineering, and mathematics simultaneously 

in learning at the basic education level to higher education 

[47]. The implementation of STEM learning is mostly 

done in the science family, such as physics, chemistry, 

biology, and science. Although it is undeniable that the 

STEM approach can also be carried out in social 

humanities learning if it still integrates the relationship 

between learning objects and real problems that occur in 

students' daily lives [48]. Meanwhile, the STEM approach 

is a learning approach that can teach two or more STEM 

subjects related to holistic and comprehensive learning 

activities that can optimize students' critical thinking skills 

[49]. Therefore, STEM is a learning approach that is often 

used to optimize some students' abilities so that they can 

be more adaptive to the problems that occur that must be 

faced from various perspectives. 

STEM education that is implemented in physics 

learning can make students more concerned about the 

physics material they are learning, which has an important 

role in solving every problem that occurs in everyday life 

[50]. Implementing STEM learning certainly requires 

effective strategies and patterns so that learning and 

students go hand in hand and foster meaningful learning 

for students [51]. Furthermore, creating a strategic 

approach to integrating STEM learning in physics requires 

resources, analysis of student needs, and a strong 

conceptual understanding of student characteristics, 

physics material, and STEM learning patterns [52]. 

STEM-based education could develop meaningful 

learning via systematic and integrated knowledge, 

concept, and skill [53]. It could also improve scientific 

literacy, motivation, investigation skill, experience, and 

critical thinking skills. STEM emphasizes all aspects of 

learning. STEM practice involves posting questions and 

defining problems. Develop and use planning models and 

activities to promote research. Analyze and interpret data 

with mathematics, information, and computer technology. 

Interpret and design solutions, including evidence-based 

arguments, arrange conclusions, evaluate, and 

communicate the process [54]. Meanwhile, the purpose of 

STEM is to develop skills for students to be applied in 

various situations and various problems of everyday life. 

STEM-based learning aims to create students with a 

balance of hard skills and soft skills. 

 

Critical Thinking Skills   
Several findings indicate that critical thinking skills 

have a relationship with problem-solving abilities. The 

findings state that problem-solving skills require students 

to think critically [55]. Learners with critical thinking 

skills can actively solve problems [56]. Realizing critical 

thinking skills in learning demands to explain, generalize, 

conclude deductively, and determine an accurate way. 

Demands of students to solve a problem. Demands 

students to understand how to find ideas, recognize the 

need for new knowledge, and determine possible steps 

applied to solving data collection and knowledge learning 

problems. Requirements to promote fair and objective 

judgment [57]. 

Critical thinking skills allow learners to analyze 

information, post arguments and supportive evidence, 

think widely with posting hypotheses, investigate to prove 

a phenomenon, and obtain new information [58]. 

Furthermore, optimizing students' critical thinking skills in 

learning can help students understand themselves and 

understand their ability to think deeply about the narrow 

gaps of a problem or phenomenon that occurs [59]. 

Students who are accustomed to always prioritizing 

critical thinking skills towards any phenomena or 

problems they face will become individuals who do not 

easily believe in news or information that has no clear 

evidence of clarity [60]. Optimizing critical thinking skills 

in students is influenced by several things such as learning 

styles, implementation of learning, ability to understand 

concepts, and problem-solving abilities [61]. Therefore, it 

can be concluded that critical thinking skills are deep-

thinking skills that can question and contradict all kinds of 

narrow gaps from every existing problem so that new 

insights that are full of accuracy emerge. 

 

III. Method 

In this case, the investigation took articles published 

in the science-education journal and indexed journal 

outlets. It was to obtain the data of STEM-based and 

critical thinking skill learning on physics. The researchers 

applied systematic searches from two databases (Google 

Scholar and Science Direct) with a document analysis 

method to identify relevant literature studies. The two 

databases contain various scientific articles published by 

various reputable journals, especially scientific articles 

from Indonesian researchers. In addition, the keywords 

that we used during the search for scientific articles were 

the STEM approach in learning physics and the effect of 

STEM on critical thinking skills in learning physics. The 

limitation search was on Indonesian language studies 

published between 2010 until 2020. It was to get physics 

learning studies based on the latest STEM and critical 

thinking skills.  The multistage process was followed by 

reading each article. All information from the reports was 

identified and discussed with the experts. After placing 
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1940 articles with the applied keyword, abstract, only 116 

articles revealed their focuses on STEM in physics 

learning, the correlation to critical thinking skills, and the 

given treatment. There was an iterative process during the 

article searches. Each obtained article reference list was 

added as a new reference source. The accepted articles 

were comprehensively investigated within physics 

learning based on STEM and critical thinking skills.  A 

general discussion about STEM and critical thinking skills 

compares the articles' strengths and weaknesses. Figure 1 

illustrates the study flow of the searching and selecting 

processes. 

 

 

Figure 1. Research flow 

 

IV. Results and Discussion 

The researchers grouped the research article 

percentage based on the population levels and the learners' 

samples to determine the distribution of STEM-based 

physics learning and its correlation toward critical thinking 

skills. Considerations for selecting the population and 

sample in this study are the results of research that has been 

published in various national journals using populations 

and samples from high school students during physics 

learning using the STEM approach with the main aim of 

optimizing their critical thinking skills. Furthermore, 

Table 1 shows the percentage of research results in STEM-

based physics learning and critical thinking skills of 

Indonesian students. 

Table 1. The percentage of the STEM-based physics learning 

research and critical thinking skills of Indonesian students 

No. 
Education 

Level 
Numbers Percentage (%) 

1 Senior High 

School 
71 61 

2 Undergraduate 45 39 

 

Table 1 shows that teachers have promoted STEM-

based physics and critical thinking skill learning in 

Indonesia in senior high schools (61%). It is higher than 

the university level, precisely the undergraduate degree 

(39%). Physics lessons included a foundation of science 

and biology at the junior high school level. Therefore, it 

was excluded from this research category. Physics lessons 

had thematic learning and primary science and other 

studies discussions at the primary school level. It was 

excluded for this STEM level category on this research 

review (it did not meet selected articles' criteria). 

Physics learning at senior high school or university 

levels had been an integral part of a lesson or a course. It 

showed that teachers focused physics learning at the 

university level on specific and comprehensive physics 

discussions. There were widely many studies about STEM 

at this education level. Unconsciously, STEM had existed 

in physics learning at university levels, such as 

fundamental physics (science), instrumentation 

(technology), laboratory praxis (engineering), and calculus 

(mathematics). At Senior High School levels, physics 

learning was still following conservative curriculum 

patterns. The changes are due to the government policy 

revitalization. It promoted comprehensive research on 

STEM-based physics and critical thinking skill learning at 

the senior high school level than the university level. 

Similar-themed article findings from other countries 

supported Indonesia's article review findings [3], [10], 

[12]. 

Table 2 shows that STEM-based physics and critical 

thinking skill learning in Indonesia were mostly applied to 

learning models to teach physics (59%). The following 

result is STEM-approach implementation on physics 

learning media based on STEM with a percentage of 24% 

and the performance on STEM-based physics teaching 

material with 17%. The STEM approach implementation 

on the learning model could be purely applied or in an 

integrated manner. For example, the integrated 

applications of STEM were Project-based learning, 

problem-based learning, and 5-cycle of learning. The 

STEM approach component implementations on learning 

materials were such as learners' worksheets. They were 

reflected on the lesson plan arrangement and observable 

during learning syntaxes. The STEM approach 

implementation on learning media consisted of visual 

media (PowerPoint) and audiovisual media (video). 

Table 2. The Implementations of STEM and Critical Thinking 

Skill Approaches 

No. 
The implementations 

on the learning 
Numbers 

Percentage 

(%) 

1 STEM-based Physics 

Learning Materials 
20 17 

2 The Model of STEM-

based Physics Learning 
68 59 

3 STEM-based Physics 

Learning Media 
28 24 

 

Table 2 describe STEM approach implementation 

that could be the basis of developing media, models, and 

learning material. The most frequent performance was on 

learning model development from one hundred sixteen 
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articles. The STEM-based physics learning development 

could be a specific syntax (as the pure STEM approach and 

syntax). On the other hand, it could be integrated with 

other existing models proven effective for learning 

physics. One of the researches was the integrated STEM-

based learning model with project-based learning model.  

Teachers facilitated learners to design and realize the 

projects based on the teachers' already taught physics 

concepts as facilitators. The learners should follow the 

STEM-based learning syntax with the PjBL model. It 

made learners understood the essence of physics and the 

mathematics language instead of a mere physics concept 

and vice versa.  

Learners who could work on mathematics-physics 

problems would be more able to analyze the contextual 

phenomena physically. Their trained critical thinking 

skills were based on STEM syntax [62]. Investigations on 

STEM-based physics learning and its PjBL integration to 

improve critical thinking skills in other countries 

supported this finding. Han et al. [63] dan Verma et al. [64] 

found that learners could be better motivated with PjBL-

STEM than those high-achievement learners with low 

critical thinking skills and achievements. A longitudinal 

study would allow researchers to get more data about the 

influences of STEM-PjBL integration on learners' critical 

thinking skills. Although teachers, as the facilitators, could 

not control each factor, the influential critical factor had 

significant influences on learners' learning achievements 

based on the improved critical thinking skills. 

Various articles cited STEM-based physics learning 

varied in terms of the levels, implementations, and 

physical concepts. In the first article in Table 3, the 

researchers developed the learner worksheet with the 

STEM approach on the learning flow and syntax to 

improve learners' critical thinking skills. The worksheet 

results based on the STEM approach proved that it could 

improve the learners' critical thinking skills. The same 

results were found in the second until the fifth research 

shown in Table 3. The STEM approach could influence the 

critical thinking skill of the learners. The findings of 

STEM-based physics learning, summarized in Table 3, 

had the same objective. It was to improve the learners' 

critical thinking skills. However, they might have different 

implementations, such as the learners' worksheets, the 

integrated project-based learning and STEM, and STEM 

assisted by Thinking Map media on the guided inquiry 

learning model. 

Table 3 shows the research varieties about STEM-

based physics learning on physics concepts, such as optical 

instruments, sound waves, dynamic fluids, 

thermodynamics, temperatures, and heat. The first 

reference was the worksheet development based on the 

STEM approach [65]. The developed worksheet could 

improve learners' critical thinking skills. The second and 

third references showed similar things. Implementing 

STEM-based learning could improve learners' critical 

thinking skills [15], [66]. The fourth research developed 

project-based learning with a STEM approach. Before the 

intervention, the learners' critical thinking skills were 

categorized low. However, after being intervened, the 

learners' critical thinking skills improved into a moderate 

category [62]. The fifth reference also obtained the same 

thing. The STEM-based physics learning development 

assisted by Thinking Map media during a guided-inquiry 

model could improve the learners' critical thinking skills 

[67]. The findings of the articles in Table 3 represent the 

findings of STEM-based physics learning studies on 

physics concepts, such as temperatures and heat, 

thermodynamics, sound waves, dynamics fluids, and 

optical instruments. It showed that reviews about the 

theme had a diverse nature. STEM learning was proven to 

have a better implication on physics learning's critical 

thinking skills in Indonesia. It was in line with several 

types of research in other countries. They also summarized 

the STEM learning for physics lesson [68]–[72]. STEM-

based learning could improve learners’ critical thinking 

skills. 

Table 3. STEM-based Physics Learning Reference to Improve 

Critical Thinking Skills 

No. 
Physical 

Concept 
Research Findings Reference 

1 Optical 

Instrument 

The learners’ 

worksheets with the 

STEM approach could 

improve critical thinking 

about optical 

instruments. 

(Lestari, 

Astuti, & 

Darsono, 

2018) 

2 Sound 

waves 

Implementing the 

STEM learning 

approach could improve 

learners’ critical 

thinking skills. 

(Khoiriyah 

et al., 2018) 

3 Dynamic 

Fluids 

The findings showed the 

influence of STEM 

learning on conceptual 

masteries and learners' 

critical thinking skills 

about dynamic fluid. 

(Rivai, 

Yuliati, & 

Parno, 2018) 

4 Thermo-

dynamics 

The results showed 

moderate improvement 

category of scientific-

creative and critical 

thinking skills after 

being taught with 

project-based learning 

and STEM approach. 

(Cholisoh, 

2019) 

5 Tempera-

ture and 

Heat 

STEM assisted by 

thinking maps on a 

guided-inquiry learning 

model significantly 

influenced the learners’ 

critical thinking skills 

about the materials. 

(Wastiti & 

Sulur, 2020) 

 

The syntax of STEM-based physics learning is as 

follows. 1) planning and promoting class sessions by 

involving all learners actively, no matter how large the 

class was; 2) using the technology properly during face-to-
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face, online, hybrid, and blended courses; 3) assessing the 

cognitive, psychomotor, and conceptual understanding 

performances of learners to learn the lessons, 4) facilitating 

learners to develop excellent problem-solving and 

communication skills, to develop creative thinking, critical 

thinking, cooperation, and autonomous learning; and 5) 

providing the STEM learners with various attributes and 

broader background. Educating learners with STEM 

lessons (if the teacher taught correctly) could prepare them 

to engage with their future lives despite their preferred 

profession later.  

The findings could show learners the importance of 

critical thinking and creative thinking skills to solve 

problems. The skills are also important in their lives when 

they encounter challenges. The researcher also suggests 

applying STEM-based contextual learning to solve 21st-

century challenges. Thus, integrating STEM and critical 

thinking skills are important to create meaningful and 

joyful learning. 

 

V. Conclusion 

The multistage process of this research had 

eliminated 1940 articles about STEM-based learning. 

They were initially identified based on the title, abstract, 

and keyword. At the end of the article selection based on 

the whole content, relevance, range of years - from 2010 

until 2020, limitation on physics learning, and Indonesian 

language articles. The research consisted of 116 items that 

the abstracts showed research focuses on STEM in physics 

learning and its correlation to critical thinking skills and 

the interventions. The findings showed the STEM 

implementation at senior high school and the 

undergraduate levels, especially in Indonesia. Besides that, 

any related research about STEM-based physics with 

critical thinking skills showed the performance of learning 

materials, learning models, and various learning media. 

Teachers applied the physics concepts using a STEM 

approach to improve the critical thinking skills on optical 

instruments, thermodynamics, heat and temperatures, 

dynamic fluids, and sound waves.  

This study still has several limitations, such as the 

main reference source used as the primary source of 

research is still limited from research results from 

Indonesia. The research results from Indonesia used in this 

article are also not entirely, or the majority have not been 

from reputable international journals. Therefore, further 

research is needed that can overcome the problems of this 

research by increasing the variety of research results in 

terms of geography, such as comparisons with countries in 

the Southeast Asian region or Asian countries. Further 

researchers also need to use reference sources from 

scientific articles that have been published in various 

reputable international journals so that their usefulness can 

be applied universally. 
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