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ABSTRACT: STEM education-encompassing science, technology, engineering, and mathematics, has emerged as a 

transformative pedagogical approach that emphasizes inquiry-based learning, problem-solving, creativity, and real-

world applicability. This paper examines the impact of STEM-based instructional practices on learners’ academic 

performance and cognitive growth across different learning environments. The paper concludes that STEM-based 

approaches create dynamic and learner-centered experiences that support long-term academic success and cognitive 

enrichment, highlighting the need for broader curriculum integration, teacher training, and policy-level support to 

maximize educational outcomes. 
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I. INTRODUCTION 

 

STEM is an acronym for science (S), technology (T), engineering (E), and mathematics (M), which are interrelated and 

complicated (Pimthong and Williams, 2018). STEM education serves to deconstruct the four components and to 

enhance students’ problem-solving skills in daily life (Ramli and Talib, 2017). The global community has 

acknowledged the necessity of integrating science, technology, engineering, and mathematics (Rahmi et al., 2017; 

Ramli and Talib, 2017; Egarievwe, 2015). STEM education has been established in certain industrialized nations, 

however in poor countries, it is under consideration (Shahali et al., 2016; El-Deghaidy and Mansour, 2015). Research 

in STEM education encompasses a broad spectrum with ambiguous boundaries. The variance in the concept of STEM 

education is evident in its numerous meanings. Sanders (2009) posits that “STEM education encompasses 

methodologies that investigate teaching and learning across two or more STEM disciplines, and/or between a STEM 

discipline and one or more other academic subjects.” The United States Department of Education (2007) offers to 

reinforce STEM education across elementary, secondary, postgraduate, and adult education levels. Merrill (2009) posits 

that STEM education, unlike earlier definitions, is a standards-based meta-discipline at the school level, wherein all 

educators, particularly those in STEM, employ an integrated approach to teaching and learning, treating discipline-

specific content as a cohesive and dynamic study rather than as separate entities. 

 

Fig 1: Structural Model of STEM Components 

 

 
 

Source: Corlu et al. (2014) 
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Enhancing educators’ knowledge, abilities, and confidence in STEM education is essential for fostering a culture of 

innovation and productivity within the populace (Johnson et al., 2016; Marginson et al., 2013). Such capacity building 

is crucial for cultivating STEM literacies, which encompass the ability to recognize, apply, and integrate concepts from 

STEM disciplines to comprehend difficult challenges and devise innovative solutions. Researchers agree that such 

education is vital for future economic advancement and expansion. However, in light of the requirement for a robust 

STEM future, there is evidence that our education systems are inadequate to meet the challenge (Timms et al., 2018). 

Insufficient resources, inadequate teacher training (both pre-service and ongoing), and the absence of demonstrable 

models of STEM integration are identified as obstacles to the implementation of integrated STEM education (Shernoff 

et al., 2017). 

 

STEM has been utilized in technological innovations, exemplified by the invention of light bulbs and telephones. The 

emergence of STEM was significantly catalysed by World War II, during which all technological advancements were 

rooted on STEM disciplines. Scientists and the military collaborate to advance technology for the purpose of achieving 

victory in warfare. During World War II, numerous breakthroughs emerged from STEM fields; nevertheless, STEM 

was not integrated into educational practices. Russia has been advancing STEM education since 1957. Research and its 

implementation in novel educational practices in America throughout the early 1990s. Research on STEM education in 

America has been conducted since 1969, when The National Assessment of Educational Progress (NAEP) showed that 

pupils’ mathematics and science abilities remained equivalent to those of other countries. The United States ranks 

lower in PISA and TIMSS compared to other industrialized nations, like New Zealand, Iceland, and Denmark. The 

quality of mathematics and science educators and instruction remained constant from 1990 to 2005. Since 2000, 

numerous firms have financed research in STEM, resulting in a favourable influence on educational quality (Kuenzi, 

2008). Subsequently, STEM education commenced development and implementation in several non-Western nations, 

such as Saudi Arabia. Malaysia, Korea, Thailand, and further countries.  

 

II. IMPACT OF STEM EDUCATION ON LEARNERS’ ACADEMIC PERFORMANCE 

 

Creative thinking is the capacity to engage in the formulation, evaluation, and refinement of ideas, resulting in 

innovative and successful solutions, knowledge enhancement, and significant imaginative expressions. The capacity to 

produce original and valuable ideas is an essential skill for problem-solving and creativity. This encompasses the ability 

to analyse issues from several viewpoints, question assumptions, and investigate unconventional solutions. Creativity is 

defined as a unique talent and cognitive ability cultivated by practice in a conducive setting. In the educational setting, 

the cultivation of creative thinking encouraged pupils to interact profoundly with learning materials, enhancing 

personal expression and fostering general cognitive development. The use of creative thinking in education equipped 

students to tackle intricate real-world difficulties by fostering abilities vital for adjusting to the swiftly evolving labour 

markets. Various tactics, including open-ended activities, brainstorming sessions, and multidisciplinary projects, have 

been demonstrated to effectively cultivate creative thinking in children. These findings underscore the need of 

integrating creative thinking methodologies inside educational environments to foster inventive and adaptable thinkers. 

 

Fig 2: Cognitive and Skill-Based Outcomes Fostered by STEM Learning 

 

 
 

Source: Alwis (2018) 
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STEM education emphasizes the necessity for students to obtain interdisciplinary knowledge, while also addressing 

real-world, open-ended, and ambiguously defined challenges. For instance, students may collaborate in teams to 

engineer a bridge, create a coding project addressing a local community issue, or utilize mathematical modelling to 

evaluate scientific data (Suherman et al., 2025). Cao et al. (2025) conducted a meta-analysis to thoroughly evaluate 

research on STEM education. The findings underscored the necessity of customizing STEM interventions according to 

outcome type and academic level. 

 

Kazu and Yalçin (2021) analyzed study findings from quantitative studies to illustrate the total impact of STEM 

education on students’ academic progress. The findings indicated that the impact of STEM education on students’ 
academic achievement was significant. Rahman et al. (2025) conducted a study to ascertain the influence of STEM 

activities. The findings revealed that a greater emphasis must be made on project development skills, as some 

responders remain at a rookie level in problem-solving strategies. It may be concluded that appropriate STEM activities 

enhance knowledge and project development skills, hence influencing enrolment in STEM courses for secondary 

school students. 

 

III. STEM EDUCATION AND ITS IMPACT ON LEARNERS’ COGNITIVE GROWTH 

 

Cognition is the process of acquiring knowledge or the endeavour to recognize something via personal experience. 

Cognitive aptitude refers to an individual’s capacity to process and comprehend one or more pieces of information. 

Cognitive learning outcomes encompass multiple levels rather than being singular abilities. Cognitive classification is 

extensively utilized in the field of education, with Bloom’s (1956) classification remaining prevalent, namely the 

mastery of subject matter associated with thinking skills post-learning. The cognitive domain encompasses various 

facets of mental processes or brain function. Firdaus and Rahayu (2019) conducted research employing the Pre-

Experiment approach utilizing the pretest and post-test One-Group design. The steps encompass problem scoping, idea 

generating, design and construction, design evaluation, and redesign. The study comprised 30 fourth-grade primary 

school pupils from Cimahi City as the research subjects. The data were gathered by observation and processed via 

quantitative descriptive analysis. The research findings indicated disparities in learning outcomes within the cognitive 

domain. Hence, STEM education has the potential to enhance the cognitive abilities of elementary school kids. 

 

The recent increase in interest in the influence of STEM education on high school students underscores its essential role 

in defining academic and professional paths. Research demonstrates that STEM education not only improves cognitive 

capabilities but also cultivates vital skills for the 21st-century labour market. STEM education markedly enhances 

students’ problem-solving, critical thinking, and creative abilities, which are essential for academic achievement. A 

meta-analysis demonstrated that STEM education positively affects teachers’ self-efficacy, thereby improving student 

learning results. Effective pedagogical techniques in STEM education enhance student engagement and motivation, 

resulting in increased academic achievement. The union of interdisciplinary methodologies cultivates a scientific 

disposition and business acumen in pupils, equipping them for forthcoming difficulties. In the secondary education 

setting, students are provided with a valuable opportunity to develop their analytical reasoning and problem-solving 

abilities through specialized STEM curriculum. These educational encounters serve as catalysts, enhancing students’ 
drive to utilize their projects, experiments, and real-world events as frameworks for employing critical, imaginative, 

and logical reasoning.  

 

Adams (2021) assessed a STEM effort within a school district. Students at STEM schools had diminished science 

achievement. Gierczyk et al. (2025) investigated the influence of differing levels of instructional content in STEM 

workshops on the learning, social relationships, and emotions of 92 students. Participants were allocated to control, 

moderately decreased, or significantly reduced content groups. Although positive emotions were elevated in all groups, 

the moderately-reduced-content group exhibited markedly superior information retention and comprehension in post-

tests. This group exhibited the least engagement with educators. The results demonstrated that alleviating cognitive 

load by a moderate reduction of material might improve memory and retention in workshop environments, implying 

that a lesser amount of content may facilitate more effective learning. 

 

Loof et al. (2022) devised a comprehensive intervention that integrates all STEM components and assessed the 

influence of this integrated STEM curriculum on cognitive performance in physics, mathematics, technological 

concepts, and the amalgamation of physics and mathematics. A total of 859 ninth-grade pupils from 39 distinct Flemish 

schools participated in a longitudinal study. Multilevel analyses indicated that iSTEM education positively influences 

cognitive performance regarding mathematical knowledge, application, and technical concepts. Differential 

intervention effects were observed concerning student characteristics. Given that the effects became evident only after 

two years, the researchers emphasized the necessity of a long-term integrated STEM strategy. 
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Empirical research and academic insights indicate that students involved in STEM programs improve their problem-

solving skills and bolster their resolve to tackle tough challenges. Active learning in STEM fosters the development of 

problem-solving skills, as demonstrated by a comprehensive review that underscores several techniques that boost these 

abilities. Students involved in STEM projects engage in intricate problem-solving procedures, exhibiting diverse speech 

patterns that indicate their competence levels. The application of STEM education has the potential to markedly 

improve pupils’ academic performance. It acts as a motivational source, consequently positively impacting their whole 

lives. STEM education makes scientific and mathematical subjects more engaging and pertinent by involving students 

in practical applications. This interaction can foster increased interest and drive, ultimately resulting in improved 

academic achievement in STEM-related fields. Moreover, high school students gain significant advantages from STEM 

education by improving their communication, teamwork, and collaboration skills. Collaborative work is a common 

element of STEM projects and activities, requiring students to cooperate, share ideas, and communicate their 

discoveries effectively. Such experiences can enhance their self-confidence, consequently increasing their ability to 

make prompt decisions. These joint efforts exemplify the complexities of actual professional environments, where 

teamwork and efficient communication are crucial (Nguyen et al., 2024). 

 

IV. CONCLUSION 

 

The present study demonstrates that STEM education has a positive and measurable impact on learners’ academic 

performance and cognitive growth. The integration of interdisciplinary concepts, experiential learning, and hands-on 

activities supports a deeper understanding of subject matter and encourages students to apply knowledge in meaningful 

contexts. The improvement in problem-solving abilities, critical thinking, creativity, and metacognitive skills further 

reinforces the cognitive benefits of STEM-oriented instruction. Moreover, the shift from passive learning to active, 

collaborative participation enhances motivation and engagement, resulting in sustained academic improvement. While 

the findings highlight the strong potential of STEM education, successful implementation requires adequate teacher 

preparation, availability of resources, and supportive institutional frameworks. Future research may explore the long-

term effects of STEM learning and its influence on career pathways, socio-emotional development, and equity in 

education. 

 

REFERENCES 

 

1. Adams, E. L. (2021). The effect of a middle grades STEM initiative on students’ cognitive and non-cognitive 

outcomes. Studies in Educational Evaluation, 68, Article 100983. https://doi.org/10.1016/j.stueduc.2021.100983 

2. Alwis, A. (2018). STEAMing STEM – Moving from horoscopes to telescopes. Daily FT. Retrieved Dec 5, 2025. 

3. Bloom, B. S. (1956). Taxonomy of educational objectives: Book 1, cognitive domain. Longman. 

4. Cao, X., Lu, H., Wu, Q., & Hsu, Y. (2025). Systematic review and meta-analysis of the impact of STEM education 

on students’ learning outcomes. Frontiers in Psychology, 16, Article 1579474. 

https://doi.org/10.3389/fpsyg.2025.1579474 

5. Cong, N. N., Phan, T. T. H., & Tran, T. K. O. (2024). The effect of STEM education on academic performance: A 

meta-analysis study. International Journal of Learning, Teaching and Educational Research, 23(11), 180–195. 

https://doi.org/10.26803/ijlter.23.11.9 

6. Corlu, S., Capraro, R., & Capraro, M. (2014). Introducing STEM education: Implications for educating our teachers 

for the age of innovation. Eğitim ve Bilim, 39, 74–85. 

7. De Loof, H., Boeve-de Pauw, J., & Van Petegem, P. (2022). Integrated STEM education: The effects of a long-term 

intervention on students’ cognitive performance. European Journal of STEM Education, 7(1), Article 13. 

https://doi.org/10.20897/ejsteme/12738 

8. Egarievwe, S. U. (2015). Vertical education enhancement—A model for enhancing STEM education and research. 

Procedia – Social and Behavioral Sciences, 177, 336–344. 

9. El-Deghaidy, H., & Mansour, N. (2015). Science teachers’ perceptions of STEM education: Possibilities and 

challenges. International Journal of Learning and Teaching. 

10. Firdaus, A., & Rahayu, G. (2019). Effect of STEM-based learning on cognitive skills improvement. Mimbar 

Sekolah Dasar, 6, 198. https://doi.org/10.17509/mimbar-sd.v6i2.17562 

11. Gierczyk, M., Karwowski, M., Paas, F., & Tai, R. H. (2025). STEM workshop learning: Content load effects on 

cognitive, interaction, and emotional outcomes. The Journal of Experimental Education, 1–22. 

https://doi.org/10.1080/00220973.2025.2513254 

12. Johnson, C. C., Peters-Burton, E. E., & Moore, T. J. (2016). STEM road map: A framework for integrated STEM 

education. Routledge. 

13. Kazu, İ. Y., & Kurtoğlu Yalçın, C. (2021). The effect of STEM education on academic performance: A meta-

analysis study. TOJET: The Turkish Online Journal of Educational Technology, 20(4), 101–116. 

14. Kuenzi, J. J. (2008). Science, technology, engineering, and mathematics (STEM) education: Background, federal 

http://www.ijarasem.com/
https://doi.org/10.1016/j.stueduc.2021.100983
https://doi.org/10.3389/fpsyg.2025.1579474
https://doi.org/10.26803/ijlter.23.11.9
https://doi.org/10.20897/ejsteme/12738
https://doi.org/10.17509/mimbar-sd.v6i2.17562
https://doi.org/10.1080/00220973.2025.2513254


 International Journal of Advanced Research in Arts, Science, Engineering & Management (IJARASEM) 

                                                                     | ISSN: 2395-7852 | www.ijarasem.com | Impact Factor: 8.028 | Bimonthly, Peer Reviewed & Refereed Journal| 

         | Volume 12, Issue 6, November – December 2025 | 

IJARASEM © 2025                                                             | An ISO 9001:2008 Certified Journal  |                                        10466 

 

policy, and legislative action (Report, p. 35). 

15. Marginson, S., Tytler, R., Freeman, B., & Roberts, K. (2013). STEM: Country comparisons—International 

comparisons of science, technology, engineering and mathematics (STEM) education (Final report). Australian 

Council of Learned Academies. 

16. Merrill, C. (2009, March). The future of TE masters degrees: STEM. Paper presented at the 70th Annual 

International Technology Education Association Conference, Louisville, Kentucky. 

17. Pimthong, P., & Williams, J. (2018). Preservice teachers’ understanding of STEM education. Kasetsart Journal of 

Social Sciences. 

18. Rahman, T. F. A., Zakariah, Z. B., Anuar, N. B., Noh, Z. B., & Razak, N. B. A. (2025). The impact of STEM 

activities on students’ knowledge and project development skills. International Journal of Research and Innovation in 

Social Science, 9(1), 3172–3182. https://doi.org/10.47772/IJRISS.2025.9010257 

19. Rahmi, Y. L., Ardi, & Novriyanti, E. (2017). The validity of guided inquiry-based teaching materials on 

management and technique laboratory. Bioeducation Journal, 1(2), 10–17. 

20. Ramli, N. F., & Talib, O. (2017). Can education institutions implement STEM? From Malaysian teachers’ view. 

International Journal of Academic Research in Business and Social Sciences, 7(3), Article 12. 

21. Sanders, M. (2009). STEM, STEM education, STEMmania. The Technology Teacher, 68(4), 20–21. 

22. Shahali, E. H. M., Halim, L., Rasul, M. S., Osman, K., & Zulkifeli, M. A. (2016). STEM learning through 

engineering design: Impact on middle secondary students’ interest towards STEM. EURASIA Journal of Mathematics, 

Science and Technology Education, 13(5), 1189–1211. 

23. Shernoff, D. J., Sinha, S., Bressler, D. M., & Ginsburg, L. (2017). Assessing teacher education and professional 

development needs for the implementation of integrated approaches to STEM education. International Journal of 

STEM Education, 4, Article 13. 

24. Suherman, S., Vidákovich, T., Mujib, M., Hidayatulloh, H., Andari, T., & Susanti, V. D. (2025). The role of STEM 

teaching in education: An empirical study to enhance creativity and computational thinking. Journal of Intelligence, 

13(7), Article 88. https://doi.org/10.3390/jintelligence13070088 

25. Timms, M. J., Moyle, K., Weldon, P. R., & Mitchell, P. (2018). Challenges in STEM learning in Australian 

schools: Literature and policy review. Australian Council for Educational Research. 

26. United States Department of Education. (2007). Report of the academic competitiveness council (p. 11). 

http://www.ijarasem.com/
https://doi.org/10.47772/IJRISS.2025.9010257
https://doi.org/10.3390/jintelligence13070088


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    Impact Factor 

7.54 
 
 
 
 
 
 
 

International Journal of Advanced Research in 

Arts, Science, Engineering & Management 

(IJARASEM) 

 
 
 
 

  
 
 
 

www.ijarasem.com  

 

| Mobile No: +91-9940572462 |  Whatsapp: +91-9940572462 |  ijarasem@gmail.com | 
 

 


	A Study on the Impact of STEM Education on Learners’ Academic Performance and Cognitive Growth

