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ABSTRACT 

STEM education is being emphasized globally as a way to cultivate talents required in the 21st 

century as a key to solving current and future problems. This paper investigates the trends of 

existing education policies, identifies new issues, and discusses how to improve issues when 

applying STEM convergence education policies using a systematic literature review. Based on 

this review, the purpose of this study is to identify and analyze current trends in STEM (science, 

technology, engineering, and mathematics) education and issues arising from international 

research in the field. The data analyzed consists of a systematic literature review reflecting 

various issues in STEM education through selection criteria and expert group reviews. Five key 

issues were identified through a systematic analysis of 19 studies. First, STEM education is 

widely recognized as an educational trend in many countries, including the United States, 

Canada, Australia, and Turkey. Second, STEM education positively contributes to the 

improvement of students' cognitive, affective, psychomotor, and career development. Third, the 

successful implementation of STEM education requires diverse teaching tools and technologies. 

In addition, enhancing teachers' expertise in STEM education is a critical factor in its success. 

Finally, the effective practice of STEM education necessitates diversity, equity, and valid and 

reliable research designs. The findings of this study provide implications for the strategic 

direction and implementation of STEM education, along with suggestions for future research.  

Ⅰ. Introduction 

Thomas Kuhn is known for introducing concepts of paradigms and revolutions to explain 

significant changes in the evolution of science (Pires, 2012). He argued that new groundbreaking 

provides fresh ways of thinking about existing phenomena, so it is inappropriate or even 

impossible to consider the world in terms we used before by changing our basic understanding or 

paradigm. However, when our scientific understanding is overturned by these ideas, we abandon 

ideas, explanations, and practices based on old concepts and say that a revolution has occurred. 
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Revolutions occur not only in science but in all spheres of human experience. In science 

education and related fields, we now seem to have entered a potentially revolutionary era with 

respect to various proposals for STEM education.  

STEM education refers to education based on the convergence of several subjects (science, 

technology, engineering, and mathematics). This convergence of subjects helps students to 

conduct in-depth research based on cooperation as well as knowledge of each subject and 

develop the ability to solve real-life problems through critical and creative thinking (Breiner et 

al., 2012). Therefore, STEM education is being emphasized globally as a way to cultivate talents 

required in the 21st century as a key to solving current and future problems (Brophy et al., 2008). 

This new educational paradigm focuses on convergence education based on inquiry activities as 

an effort to prepare the next generation to contribute to the community and lead the future 

economic society through learning.  

It includes various types of career education and the participation of community experts (Parkin, 

2018). To many people, STEM appears to be emerging as an important new educational 

paradigm. The rapid development in various fields, including science and technology, and the 

globalization of economic and industrial communities imply that future societies will be quite 

different from the present ones and school education needs to make active efforts to cultivate the 

talents the future society will require. Countries like the United States and Canada have 

integrated STEM education into school curricula and are implementing policies to support its 

growth at the national level. 

The adoption of STEM education in these nations reflects efforts to secure future national 

competitiveness by actively cultivating human resources needed in future societies. Therefore, it 

will be necessary to seek innovative changes in education policies and practical application 

methods in line with current trends focused on revitalizing STEM education. Advanced countries 

are innovating education policies and practices in line with these trends, with collaboration 

among policymakers, educators, researchers, and community leaders playing a pivotal role 

(Parkin, 2018). In addition, many researchers have conducted studies on the effects, limitations, 

and challenges of STEM education policies to guide improvements in their application (Kanadi, 

2019).  

This paper investigates the trends of existing education policies, identifies new issues, and 

discusses how to improve issues when applying STEM convergence education policies using a 

systematic literature review. Based on this review, the purpose of the study is to identify and 

analyze current trends in STEM and issues in STEM education research. The study aims to 

identify and analyze global trends in STEM education and provide recommendations for 

developing and evaluating STEM education policies. 
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2. Research procedure 

To investigate the current trend of STEM education and its implications, this paper employs the 

systematic review process which involves six main steps: 1) research topic selection, 2) literature 

collection, 4) literature review, 4) analysis target selection, 5) qualitative comparison and 

analysis of analysis target, and 6) comprehensive result derivation (Timulak, 2014). In the 

process of selecting the analysis target, the target can be grouped around common topics and 

subdivided by item. The researcher's professional and comprehensive insight on the subject plays 

an important role in the process of performing each step (Izzah & Wiyanto, 2018). Data for this 

study was collected through Google Scholar and the Educational Resources Information Center 

(ERIC), Springer, and the Web of Science. The year of publication or writing of the search target 

literature was set from 2010 to 2020 to limit the investigation to relatively recent issues. For data 

analysis, the validity and reliability of the study were verified for the literature collected for data 

analysis, and the issues discussed and dealt with the most frequently in terms of the effectiveness 

of STEM education were analyzed. As a result, the issues of STEM education were selected as 

'International Trends in STEM Education', 'Effects of STEM Education: Cognitive, Affective, 

Psychodynamic, and Career Area Improvement', and 'Effects of STEM Education according to 

Faculty Variables: Teaching Method, Teacher Professionalism'. In addition to analyzing the 

overall trend of STEM education, literature classified by item was used to analyze the content 

qualitatively through in-depth comparative analysis. In the case of quantitative meta-analysis, the 

effect size of detailed factors was checked and the degree of effect was reflected in the analysis. 

3. Findings 

3.1. Trends in International STEM Education 

The reviewed literature highlights trends and key issues in STEM education research. These 

studies provide valuable insights into the application, effectiveness, and improvement of STEM 

policies worldwide. STEM education policies in many developed countries are based on a wide 

range of theoretical and practical forms of research, and many researchers are working hard to 

improve STEM education systems by analyzing their effects and overcoming problems. First, 

studies have been conducted on the effectiveness of STEM education in the cognitive, affective, 

and psychomotor domains. Some examples are studies on the effects of STEM education on 

students' achievement (e.g. Batdi, et al., 2019), academic attitudes or interests (e.g. Siregar et al., 

2020), students' problem-solving abilities, creativity, and cooperation through communication 

(e.g. Sarica, 2020). Second, studies on the effectiveness of classes using specific technologies, 

such as digital technology and augmented reality in STEM education, have been conducted (e.g. 

Zainuddin & Iksan, 2019). Third, studies have explored the effect of STEM education on 

students' careers (e.g. Kanadli, 2019). Fourth, among these studies, there were studies on women 
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or the underprivileged (e.g. Murphy et al., 2019) that argued for the differential application of 

STEM education opportunities, especially for women or the underprivileged. These studies not 

only provide important clues to verifying the effectiveness of STEM education, but they can also 

be used to construct effective strategies in applying STEM education in the future. Finally, 

limitations such as STEM educators' qualifications and expertise problems, lack of support 

systems, lack of research cooperation, lack of instructional materials, and diversity of evaluation 

methods are major challenges for STEM education to address in the future (Ejiwale, 2013). The 

findings reflect global trends in STEM education and underscore the importance of addressing 

these challenges for its continued success. 

3.2. The effectiveness of STEM education 

Research on STEM education has been conducted from various angles to synthesize its effects 

on students. Studies that synthesized the research on STEM education concluded that it improves 

students' cognitive domain (e.g. Batdi, Talan, & Semerici, 2019), affective domain (e.g. Batdi, 

Talan, & Semerici, 2019), and psychodynamic domain (e.g. Kanadli, 2019), and influences 

students' career interest and maturity (e.g. Murphy et al., 2019). 

3.2.1. Improves the cognitive domain of students 

Various studies on learners' cognitive changes through STEM education have been compiled, and 

meta-analyses have been conducted to synthesize them. Becker and Park (2011) meta-analyzed 

the effect of an integrated approach between STEM subjects on learners' academic achievement. 

They focused on teaching and learning methods with an integrated approach, which is an 

important characteristic of STEM education. The study calculated the effect of STEM education 

on learners' academic achievement with 33 effect sizes in 28 studies and concluded that classes 

with an integrated approach between STEM subjects positively affect students' academic 

achievement in those subjects. In addition, the following studies explain the impact of STEM 

education on learners' academic achievement using effect size" for conciseness. This effect size 

can be interpreted according to the interpretation of the effect size presented by Cohen (1988). 

First, Sarac (2018) synthesized the results of 23 international academic journals and calculated 

the effect size as 0.442. This is a moderate effect size. Based on this, it can be concluded that 

STEM education positively influenced students' academic achievement. Second, Batdi, Talan, 

and Semerici (2019) calculated the effect size as 0.655 after synthesizing the research results of 

international journals for 26 research results. Their study is also of a moderate effect size, and it 

can be concluded that STEM education leads to a positive improvement in students' academic 

achievement. In addition, looking at the effect size in various studies on the effectiveness of 

STEM education on students' academic achievement, Belland et al. (2015) reported an effect size 

of 0.53, while D'Angelo, Rutstein, and Harris reported 0.62" for clarity and parallel structure. All 
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of these studies showed a moderate effect size based on Cohen's (1988) criteria. 

On the other hand, some research results show that STEM education helps students improve their 

cognitive performance. Sarica (2020) emphasizes that STEM education has a positive effect on 

students' academic achievement as a result of analyzing graduate papers related to STEM 

education in Turkey. Specifically, STEM education has a positive effect on students' scientific 

knowledge improvement (Kandli, 2019). In particular, the primary driver of cognitive 

improvement through STEM education is student participation in STEM classes. After 

qualitatively synthesizing related papers, Batdi, Talan, and Semerici (2019) emphasized that 

STEM classes induce the active participation of students and provide meaningful learning to 

students compared to other teaching methods, thereby contributing to students' cognitive 

improvement. As a result of analyzing the impact of STEM education by school level, it was 

found that cognitive improvement in elementary schools was higher than that in other school 

levels (e.g. Becker & Park, 2011). For example, in a study by Batdi, Talan, and Semerici (2019), 

the effect size in elementary school was 1.222, which indicates a remarkably high effect, and it 

was significantly higher than that of middle school (0.406) and high school (0.307). 

3.2.2 Improves the affective domain of students 

Various studies have been conducted on the improvement of learners' affective domains through 

STEM education, and meta-analyses have been conducted to synthesize these findings. 

According to a study by Sarac (2018), STEM education has a positive effect on students' 

attitudes toward STEM. An effect size of 0.62 was derived from 23 papers, indicating that the 

effect on academic achievement was greater than 0.442. In the same context as these results, 

STEM education improves interest and motivation for STEM subjects, and the results have been 

found to have statistically significant effects (Yildrim, 2019). In addition, various qualitative 

meta-analysis studies and systematic literature studies synthesize and describe the effects on 

learners' affective domains. In particular, STEM education positively influenced middle school 

students' attitudes toward STEM (Izzah & Wiyanto, 2018) and improved students' attitudes in 

science classes (Sarica, 2020). STEM education also positively influences student interest and 

attitude toward engineering, enabling successful instruction due to improvement in learners' 

learning motivation (Batdi, et al.,2019). STEM classes provide more engaging activities and 

improve their motivation to continue participating in classes. 

Research on the improvement of the affective domain through STEM education has been verified 

and mentioned through various countries internationally. Kanadli (2019) emphasizes that STEM 

classes are a good way to improve students' learning aspirations and motivation, especially their 

attention and interest, as a result of synthesizing changes in the affective domain of students 

based on 22 studies in Turkey. In addition, according to Kang's (2019) study, the impact of 
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integrated STEM education in Korea is effective in learning both the cognitive and affective 

domains of students, but it is particularly effective in the affective domain. Finally, Murphy et al. 

(2019) analyzed Australian STEM-related documents and emphasized that STEM education 

should be structured in the direction of improving students' curiosity and confidence. Factors 

such as school level, race, and gender are being discussed as important issues in relation to the 

practice of STEM education (Lawner et al., 2019). According to a study by Young, Ortiz, and 

Young (2017), it is necessary to further study the improvement of STEM interest in younger 

students and determine how long this interest lasts with growth. This can be a strong basis for the 

long-term establishment of STEM education by conducting STEM classes at an earlier school 

level. In addition, middle school is a time when there are changes related to the preparation of 

STEM learning in the future, and it is also a time when achievement, confidence, and interest in 

STEM fields can disappear, especially for girls (Young, et al., 2017). Therefore, it is necessary to 

consider the decisive timing of STEM education well by considering school level and gender 

(Zeng et al., 2018). 

3.2.3 Improves the psychodynamic domain of students 

The improvement of students' abilities through STEM education has been studied in various 

ways, and meta-analyses were conducted to synthesize the findings. STEM education has a 

positive effect on students' problem-solving ability and creativity (Sarica, 2020), students' 

improvement of scientific process ability (Sarac, 2018), engineering and design ability and idea 

generation ability (Kanadli, 2019), and collaboration or digital technology ability (Murphy et al., 

2019). Specifically, Sarac (2018) calculated a large effect size of 0.82 as a result of synthesizing 

the research results on the improvement of students' science process function through STEM 

classes. This represents a larger effect size compared to improvements in the cognitive and 

affective domains.  Active participation in STEM education is expected to enhance students' 

psychodynamic functions" for conciseness (Batdi, et al.,2019). It can enhance students' planning 

and practical STEM abilities through project-based and problem-solving classes, as well as their 

engineering skillse. In addition, through these activities, research, communication, collaboration, 

and problem-solving skills can also be improved (Murphy et al., 2019). 

4. Effectiveness of STEM education according to teaching variables 

Research in the field of STEM education contributes to the growth and development of diverse 

student perspectives. In addition, a topic that has been studied extensively for the practice of 

STEM education is the enhancement of teaching methods and teacher professionalism. Various 

attempts and efforts have been made from the perspective of teaching methods in STEM 

education (e.g. Zainuddin & Iksan, 2019) and research on improving teacher professionalism" 

for conciseness (e.g., Lynch et al., 2019; Murphy et al., 2019). 
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4.1 Effectiveness of STEM Education by Teaching Method 

STEM education focuses on learner-centered instruction through the use of various teaching 

tools and techniques" for clarity and conciseness.  Teaching tools and techniques in STEM 

instruction have been shown to have a statistically significant positive effect on students' learning 

outcomes (e.g. Iván ̃ez & Delgado-Kloos, 2018; Pellas et al., 2016). Specifically, Belland et al. 

(2015) synthesized the cognitive effects through computer-based instruction in STEM education 

and found that the effect size was 0.53. This shows a moderate effect and indicates that 

computer-based STEM instruction has an effect on improving students' cognitive domains. In 

STEM instruction, computer-based scaffolding activities, characterized by problem-based 

instruction, facilitate learning, as they provide cognitive help to students. In addition, studies 

dealing with computer-based simulation in STEM education have an effect size of 0.62, which is 

above medium (D'Angelo, et al., 2016). In other words, simulations in STEM instruction 

improve student learning outcomes. Meanwhile, as a result of synthesizing research using 

augmented reality in STEM education, Ibán ̃ez and Delgado-Kloos (2018) have studied the 

improvement of students' affective domains in STEM classes using augmented reality and 

suggest that research is needed in relation to teaching and learning strategies such as inquiry-

oriented classes and flipped learning. Maximizing student learning was the most important issue 

in STEM classes using various teaching tools and technologies, highlighting how computer-

based activities facilitate learning and underscore the importance of instructional design (Belland 

et al., 2015). 

4.2 Effectiveness of STEM education according to the professionalism of teachers 

Issues related to teachers' professionalism in the practice of STEM education have been 

emphasized in studies and systematic reviews. For STEM classes to be conducted smoothly, 

teachers first need appropriate knowledge, class confidence, and teaching ability (Murphy et al., 

2019). For this, teacher training or opportunities to enhance professionalism should be provided 

(e.g. Murphy et al., 2019). Ejiwale (2013) pointed out the insufficient professionalism and 

preparation of teachers as obstacles to the successful realization of STEM education. In 

consideration of the lack of qualified teachers and teachers' readiness for STEM education, 

strategic and planned investment and support are needed to enhance teachers' professionalism. 

Even if teachers are aware of the value and importance of STEM education, they desperately 

need sufficient support and collaboration for STEM classes (Batdi, et al., 2019). Although more 

specific support and research is needed, the enhancement of teachers' professionalism is an 

important factor in the successful realization of STEM education. Specifically, as the demand for 

teacher professionalism has grown, many studies have focused on professional development, 

such as STEM training and seminars. Lynch et al. (2019) emphasized the direction of the 

improvement of STEM programs for teachers as a result of reviewing STEM teaching 
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improvement programs. The researchers found that STEM programs for teachers are more 

effective when they deal with specific situations in which curriculum data can be used directly 

and focus on content knowledge for teachers, teaching content knowledge, and student 

understanding knowledge (Lynch et al., 2019). In addition, teachers need expertise in STEM 

classes supported by resources to address challenges in the context of teaching STEM classes 

(Lynch et al., 2019). 

5. Conclusions and suggestions 

To revisit the discussion of revolution, we should consider STEM education's position from 

Thomas Kuhn's perspective. It is difficult to explain the element of a single paradigm that guides 

the work of all science educators, but many studies have presented several issues in the related 

topics. This paper tells us that there are areas that require further consideration and improvement. 

STEM education is an educational strategy to produce competitive convergent talents in the 

future society, and it is a global trend for innovation in education policy. To this end, research 

literature related to STEM education was collected and selected, and 19 research papers were 

analyzed qualitatively. The issues that are discussed and dealt with the most often in terms of the 

effectiveness of STEM education are: 1) international trends in STEM education, 2) student's 

perspective: cognitive, affective, psychodynamic, and career area improvement, and 3) teacher's 

perspective. The studies classified by item were used to synthesize the core contents of each 

issue through qualitative meta-analysis. The findings can be summarized into four results.  

First, the research and practice of STEM education is an international phenomenon and has 

common issues. Several countries use STEM education as a strategy for improving future 

competitiveness and innovation, and the composition of these strategies has been based on 

extensive research on future society, economy, and industry. STEM education in many countries 

is focused on breaking down barriers between disciplines and nurturing the talents required by 

the future society through a convergent approach. In addition, for the effective practice and 

application of STEM education, studies have been conducted to verify its effectiveness and find 

limitations. The consistency of the research results increases the reliability of the effects of 

existing STEM education on specific areas and provides important information regarding the 

strategic application of STEM education. In addition, limitations, including teacher expertise, 

data shortages, and insufficient support, offer insights for improving policies" for brevity and 

clarity for STEM education.  

Second, STEM education has positively improved students' cognitive, affective, psychodynamic, 

and career-related areas. In terms of cognitive domain, STEM education was found to be 

effective in improving students' academic achievement and scientific knowledge. Active 

participation and the provision of meaningful learning were the main reasons for this 
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improvement. In the affective domain, STEM education was found to be effective in improving 

students' interest, attitude, learning motivation, and attention to STEM subjects, and it was found 

that it can be used to improve students' curiosity and confidence. In addition, STEM education 

showed positive effects in the psychodynamic areas of problem-solving ability, creativity, 

scientific and engineering process ability, digital technology, and collaboration ability, and it was 

found to increase student interest in careers in the STEM field. 

Third, various teaching tools and technologies are used for STEM education. Thus, teacher 

expertise in using these tools is important for successful STEM classes. For STEM education, 

research confirms that computers, simulations, augmented reality technologies, and mobile 

technologies are widely used in schools , or teaching strategies such as design-based, problem-

based, project-oriented, and inquiry-oriented are commonly employed. To use a specific skill or 

tool in the course of instruction, teachers must possess sufficient experience and knowledge of 

the skill and tool, and to provide meaningful learning opportunities to students, teachers must 

apply these tools effectively, drawing on professional knowledge and instructional strategies" for 

simplicity and clarity. As a result of analyzing and synthesizing internationally conducted STEM 

education meta-research, three major discussion points could be drawn. First, for the effective 

verification of STEM education, research is needed that considers the validity and reliability of 

research design. Meta-analyses aggregate multiple studies on a specific topic, and the quality of 

research design influences the magnitude of the educational effect (Young, et al., 2017). 

Therefore, when well-designed research is used for analysis, the effectiveness of STEM 

education can be evaluated more accurately. Second, a STEM education strategy considering 

equity is required. Regarding the effect of STEM education on the affective domain and career 

path, several research results emphasize STEM education for women and the underprivileged 

(Murphy et al., 2019; van den Hurk, Melissen, & van Langen, 2019). In particular, Young, Ortiz, 

and Young (2017) mention that the achievement, confidence, and interest in STEM fields vary 

during adolescence and emphasize the need for further research on improving interest in lower-

grade students, as well as on the relationship between interest and development and continuity. 

Fourth, enhancing teacher professionalism is essential for STEM education. Compared to 

traditional teaching methods, STEM education requires high professionalism on the part of 

teachers in the use of various teaching tools and skills. In fact, a lack of qualified teachers, 

inadequate preparation, and insufficient investment were identified as major obstacles to the 

realization of STEM education (Batdi, et al., 2019). Therefore, continuous and effective efforts 

for the professional development of teachers for STEM education are required. Suggestions 

based on this study are as follows. The internationally conducted meta-research on STEM 

education provides important implications for its application. However, education policy 

strategies and school-level contexts may vary across countries. Therefore, a meta-study on 
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STEM education suitable for each country's educational situation is needed. In addition, a 

macroscopic analysis and synthesis of these studies is necessary. In general, the results of 

derivation through systematic review often analyze cognitive, affective, or psychodynamic areas 

individually or target only specific elements of that area. It is necessary to use the existing STEM 

education across the countries as an opportunity to reflect on and identify the characteristics of 

teaching and learning design and the relationship with variables that affect the effect size. 
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