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Abstract: The integration of philosophical principles into science, technology, engineering, and mathematics (STEM) education 

enhances critical thinking, ethical reasoning, and holistic learning. As science and technology rapidly reshape modern life, STEM 

education has evolved to enhance the technical proficiency and humanistic and reflective understanding of students. This review 

article explores the theoretical rationale and practices behind integrating philosophy into STEM education by comparing the cases 

in South Korea, the United States, the United Kingdom, and Finland. The results highlight strategies and policy frameworks to 

support interdisciplinary education. In addition to discussing challenges such as teacher training and assessment reform, future 

pathways are proposed to implement philosophical content into STEM curricula. Through the integration of philosophy in STEM 

education, educators and policymakers can better prepare students for the ethical and societal dimensions of science and technology. 

Keywords: STEM; Philosophy; Education; Curricula 

1. Introduction 

STEM education has been regarded as essential for the economic and scientific progress of modern societies. STEM education 

equips students with the skills to innovate, solve problems, and respond to global challenges. However, traditional STEM curricula 

have emphasized technical mastery, not integrating philosophical and ethical considerations. Such ignorance of philosophical and 

ethical considerations in STEM education leads to cultivating professionals who are technically skilled but ill-equipped to 

understand the societal and philosophical consequences of technologies and devices. Artificial intelligence (AI), biotechnology, 

climate science, and other fields present complex ethical challenges. Future professionals need training for ethical literacy and 

philosophical inquiry, along with the capability of research and development (Bailin, 2002). Interdisciplinary education enables the 

incorporation of philosophy in STEM education in inclusive and adaptive learning. It empowers students to engage with scientific 

uncertainty, develop argumentation skills, and reflect on their values concerning technological progress (Nussbaum, 1997). The 

integration of philosophy into STEM education is labeled as "STEMP" to timely and appropriately cultivate scientifically literate 

and ethically grounded scientists and engineers. Therefore, integrating philosophy into STEM education is mandatory to fill this 

gap. Philosophy fosters critical thinking, logical reasoning, ethical reflection, and metacognitive awareness, which are crucial for 

responsible scientific development. The rapid pace of technological advancement necessitates a workforce that is not only proficient 

in scientific and engineering principles but also acutely aware of the broader implications of their work. This is particularly true in 

an era marked by significant ethical dilemmas, such as the responsible deployment of AI, the implications of genetic engineering, 

and the urgent need for sustainable environmental solutions. Without a strong philosophical foundation, STEM professionals risk 

becoming mere technicians, rather than thoughtful innovators capable of navigating complex moral landscapes. 

2. Theoretical Backgrounds 

STEM subjects are taught to develop problem-solving and hypothesis testing ability, which is closely related to epistemological 

inquiries in philosophy. Philosophy equips students to question the nature and limits of scientific knowledge, examine how scientific 

models and data represent reality, and critique assumptions in scientific paradigms (Bellous, 1991). This epistemic awareness 

enhances scientific literacy. Furthermore, the integration of philosophy into STEM education can be understood through the lens of 

critical realism, which posits that scientific theories aim to describe the underlying structures and mechanisms of the world, even if 

these are not directly observable. This philosophical perspective encourages students to move beyond surface-level observations 

and delve into scientific models, fostering an understanding of scientific inquiry. Moreover, the "phronesis" from Aristotelian virtue 

ethics, translated as practical wisdom, is highly relevant. Phronesis involves the ability to deliberate well about what is good for 

humans and how to achieve it, especially in specific, complex situations. In STEM, this translates to the capacity for engineers and 

scientists to solve technical problems, discern the ethical implications of their solutions, and make responsible choices that benefit 
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society. This deeper engagement with ethical frameworks moves beyond mere compliance with regulations, encouraging a proactive 

and reflective approach to scientific and technological development. A philosophical framework provides a coherent basis for 

integrated STEM education, moving beyond an aggregation of disciplines. Hallström and Ankiewicz (2023) argue that "design" 

serves as a unifying methodological backbone for integrated STEM. They proposed that a "philosophy modulation" is achieved by 

superimposing philosophical aspects on which technology is manifested. This framework demonstrates how philosophical inquiry 

into methodology, such as experimental design in science, algorithmic design in mathematics, technological design in technology, 

and engineering design in engineering, unifies the seemingly disparate STEM subjects (Figure 1). 

 

Fig. 1. Technology manifestation in different modes (Hallström & Ankiewicz, 2023). 

Philosophy's influence on STEM education is profound and multifaceted, underpinning the foundational principles and ethical 

considerations within each discipline. Mahmoud (2025) examined what roles philosophy plays in STEM areas [5].  

• In science, philosophy is crucial for understanding the philosophy of science itself, defining the rules and principles that govern 

fields such as Physics, Chemistry, Biology, Geology, and Microbiology. It encourages an in-depth study of the real causes 

behind natural phenomena and provides a comprehensive vision for analyzing the universe and its inherent functions. 

• In technology, philosophy plays a significant role in clarifying the goals and applications of technological tools. It guides 

scientists and users in laboratories, education, and various applications, ensuring that the purpose of technology is transparent. 

Furthermore, philosophy elucidates the broader reasons for utilizing technology to foster effective communication and achieve 

objective, bias-free results. It emphasizes how digital technology can reduce errors in scientific experiments, promote 

objectivity and scientific honesty, and prevent issues such as plagiarism or falsification of results. Philosophy also sheds light 

on the fundamental nature of technology, highlighting human agency in its development and use to serve the global community, 

fostering scientific convergence and the establishment of a robust scientific community worldwide. 

• In engineering, the connection to philosophy dates back to ancient Greece, with Plato's famous inscription at his academy. 

Engineering relies on abstract and contemplative thinking, which aligns closely with philosophical imagination. Early Greek 

philosophers, recognizing this synergy, incorporated geometry into their philosophical studies, viewing it as essential for a 

holistic understanding of life. Philosophy is vital for developing imagination and logical arrangement in engineering, as 

exemplified by Aristotle's reliance on geometry to model real-life scenarios and construct logical and scientific perceptions. 

Its importance in shaping mental structures and generating applicable ideas makes philosophy indispensable for engineers, 

enabling them to build imagination, refine perceptions, clarify relationships, link concepts into creative designs, and envision 

possibilities yet to be realized. 

• In mathematics, philosophy has deep philosophical roots, often considered the "mother of all sciences." It served as a 

cornerstone of philosophical thought in ancient Greece, evident in the work of figures like Pythagoras and Aristotle, who 

connected mathematics with mental and cognitive development. Modern philosophies continue to link creative thinking to 

mathematical learning. Ancient civilizations such as the Pharaonic, Babylonian, Assyrian, and Phoenician cultures integrated 

mathematics with practical philosophy for constructing infrastructure like bridges and dams, determining agricultural timings, 

and developing counting methods. Mathematics is intrinsically linked to reason and critical thinking, key philosophical 

approaches. Moreover, its connection to logic, a core area of philosophy, ensures that mathematics provides a framework for 

deep thinking, contemplation, imagination, logical reasoning, the ability to connect and perceive complex relationships, and 

critical analysis, all contributing to cultural creativity. 
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Technological innovation often outpaces ethical considerations. For instance, gene editing, data surveillance, and autonomous 

machines raise questions about the rights, responsibilities, and consequences of developers, users, and society. By integrating 

philosophy into STEM curricula, students are trained in normative frameworks based on utilitarianism, deontology, and virtue ethics 

to evaluate such dilemmas with intellectual rigor (Resnik, 2020). Philosophy also promotes metacognition, the awareness of one's 

thinking process. STEM education is essential to train students to debug errors, refine hypotheses, and reflect on methods and 

outcomes. Therefore, learning philosophical principles is essential to enhance academic achievement and self-regulation, curiosity, 

and lifelong learning (Kuhn, 2000). John Dewey’s progressive education model advocates learning connected to real-life 

experiences and social issues (Sant, 2019). Integrating philosophy into STEM education aligns with the model’s purposes, fostering 

connections across disciplines and reinforcing the civic purpose of education. Curriculum theorists such as Elliot Eisner and Jerome 

Bruner suggested that learning engages students in inquiry, not just rote learning (Sant, 2019). 

3. Integration of Philosophy in STEM Education 

3.1. Linkage Between Philosophy and STEM  

 Philosophy and STEM are linked through epistemology, the study of knowledge. Scientific inquiry is built on a set of 

epistemological assumptions about what constitutes valid knowledge and how it is acquired. A philosophy-informed STEM 

education requires teaching scientific facts and methods to help students understand the very nature of scientific knowledge. Students 

learn to conduct experiments and examine the assumptions, limitations, and biases of their research. For instance, they can debate 

the philosophical meanings of different scientific theories. This method, known as the philosophy of science, trains students to 

become more rigorous and self-aware researchers (Sjöström, 2024). 

         Philosophy provides the essential framework for ethical reasoning, which is critical amid rapid technological change. As 

STEM education is adopting advanced technologies, such as AI and genetic engineering, educators have to teach students how to 

navigate the complex moral dilemmas that arise. A philosophy-integrated approach encourages educators to engage in dialogical 

teaching of ethical theories such as utilitarianism, deontology, and virtue ethics. This allows students to develop their thoughts on 

data privacy, autonomous weapons, or gene editing. Philosophy and STEM are built on a foundation of logic and analytical 

reasoning. By teaching philosophy, students can enhance their ability to construct valid arguments, identify fallacies, and analyze 

complex systems in computer science and mathematics. Such training makes students effectively create logical algorithms and 

design experiments (Zawacki-Richter et al., 2019). 

3.2. South Korea 

South Korea’s education system has acknowledged the need for ethical and humanistic perspectives in STEM education. Many 

universities emphasize the liberal arts in scientific training. Students are required to take courses in ethics, logic, and the history of 

science to foster philosophical engagement alongside learning science and engineering knowledge (Shin, 2025). Jeong and Kim 

(2000) developed a "value inquiry model" in science education to encourage students to deliberate on ethical issues in biology, such 

as cloning and environmental conservation. This approach facilitates dialogical learning and reflects Confucian traditions of moral 

education. 

However, philosophy integration faces challenges. For example, high-stakes testing and rigid curricula of South Korea’s 

education marginalize humanities content. To solve the challenges, policy efforts, such as the Future-Oriented Science Education 

Framework (2023), have been put to increase institutional support for integrative practices (Korean Ministry of Education, 2025). 

Recent initiatives also include the development of interdisciplinary capstone projects in engineering programs, where students are 

tasked with addressing real-world problems that inherently possess ethical dimensions. For instance, designing smart city solutions 

requires considerations of privacy, data security, and equitable access, prompting students to engage with philosophical questions 

alongside their technical work. 

3.3. United States 

In the U.S., several initiatives have integrated philosophy into STEM education through both K-12 and higher education 

programs. Harvard University’s “Embedded EthiCS” program integrates ethics modules into computer science courses. It represents 

a model of deep interdisciplinary collaboration between philosophers and technologists to address issues like algorithmic bias, 

surveillance, and fairness (Grosz et al., 2018). The University of Washington’s Center for Philosophy for Children brings 

philosophical inquiry into elementary and secondary schools. This initiative employed children’s literature and real-life questions 

to foster reasoning and reflection, even in science classrooms. The result is a student body better prepared to navigate both moral 
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and scientific challenges (Lipman, 2003). MIT and Stanford University also include ethics in engineering and data science courses, 

indicating a national trend toward STEMP integration. Nevertheless, disparities exist across schools, and much depends on 

institutional priorities and faculty expertise (Raber, 2003). Beyond these university-level programs, a growing number of K-12 

schools are adopting inquiry-based science curricula that encourage philosophical reflection. For example, some middle school 

science classes incorporate debates on the ethical implications of genetic modification or the societal impact of climate change, 

allowing students to develop critical thinking and argumentation skills alongside scientific knowledge.. 

3.4. United Kingdom 

The UK has advanced integrative learning through the STEAM movement, which includes philosophical reflection as part of 

the arts and humanities component. Organizations such as STEAM Co. organize events and workshops that emphasize creativity, 

inquiry, and cross-disciplinary problem-solving (Jozuka, 2014). At the university level, Birmingham City University offers a 

STEAM teaching qualification that prepares educators to incorporate philosophical and artistic thinking into STEM education. 

These programs include modules on ethics, design philosophy, and the history of science (Gilder & Medoza, 2024). The Philosophy 

Foundation in London has collaborated with schools to develop curriculum resources that infuse philosophical questioning into 

mathematics and science classes. These programs show significant improvement in students’ argumentation skills, conceptual 

understanding, and engagement (Wolfmeyer et al., 2015). The Royal Academy of Engineering has also advocated for stronger 

ethical training within engineering degrees, emphasizing the need for engineers to consider the social and environmental 

consequences of their innovations. This has led to an increase in dedicated ethics modules and case study analyses within UK 

engineering curricula, often taught by interdisciplinary teams including philosophers.  

3.5. Finland 

Finland's education model emphasizes cross-disciplinary, student-centered learning. Teachers are granted significant 

autonomy to design lessons that blend philosophy and science. Finnish upper secondary schools offer interdisciplinary courses on 

climate change that combine scientific data analysis with ethical and political deliberation (McCulloch, 2015). Juntunen and Aksela 

(2014) advocated for education for sustainable development (ESD) through chemistry by integrating philosophical themes such as 

responsibility, future generations, and environmental justice. Their pedagogical models are grounded in inquiry-based learning and 

Socratic dialogue. The Finnish national core curriculum also promotes transversal competencies and skills across subjects, including 

ethics, sustainability, and systems thinking. These are explicitly linked to philosophical practices, reinforcing STEMP integration 

as a national goal (Finnish National Agency for Education, 2025). Furthermore, the Finnish approach to teacher education 

emphasizes pedagogical content knowledge (PCK), which includes mastery of subject matter and understanding how students learn 

it and the potential difficulties they face. For STEM education with philosophy, teachers need to facilitate complex ethical 

discussions in scientific contexts and think critically about the implications of scientific discoveries rather than simply presenting 

facts. 

3.6. Germany 

Germany has a strong tradition of interdisciplinary studies, particularly in its higher education system. Many technical 

universities (Technische Universitäten) and universities of applied sciences (Fachhochschulen) integrate ethics and philosophy of 

science into their engineering and natural science programs. For instance, the Technical University of Munich offers courses on 

"Ethics in Engineering" and "Philosophy of Technology" that are mandatory or highly recommended for STEM students. These 

courses utilize case studies from industry and research to explore complex ethical dilemmas, such as the dual-use problem in 

technology or the responsible development of artificial intelligence (Dizani et al., 2024). Additionally, the German concept of 

"Bildung," which emphasizes holistic personal development alongside professional training, naturally lends itself to STEMP 

integration. This framework encourages students to develop not only specialized knowledge but also critical self-reflection and a 

sense of civic responsibility. 

Bildung-oriented education challenges students to view their work as a practice with societal implications. This approach 

addresses ethical and critical thinking in connecting technology to society. Students are taught to critically examine the design of a 

product or an experiment in terms of its potential impact on society, the environment, and human well-being. An engineering 

curriculum includes modules on the history and philosophy of technology, enabling students to consider the ethical dilemmas of 

their creations. Bildung leads to the process of becoming a responsible and reflective individual. In science and engineering, it 

helps students develop personal accountability for their work. They are encouraged to ask "whose interests do I serve?" and "what 

kind of society am I helping to build?" These questions make them internalize a sense of moral responsibility. In Bildung-oriented 
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education, students analyze a case study of a past engineering disaster, not just to understand the technical failure, but to explore 

the organizational pressures, ethical compromises, and cultural factors that contributed to the catastrophe, which are philosophical 

questions (Kilag et al., 2024). 

Educational initiatives in Germany often focus on developing "key competencies" that include ethical reasoning, critical 

thinking, and communication skills, which are directly supported by philosophical inquiry (de Haan, 2006). While specific 

nationwide programs akin to the "Embedded EthiCS" model might vary, the foundational commitment to a broad-based education 

that includes philosophical perspectives is deeply embedded in the German academic landscape. 

3.7. Cultural Influence: Comparison between Korea and Finland 

Cultural perceptions significantly influence the integration of philosophy into education. While Western philosophy 

emphasizes individualistic, rational, and abstract thought, non-Western countries view philosophy as deeply interconnected with 

practical life, ethics, and community. This perceptual difference affects curriculum design, teaching methods, and student 

engagement in STEM education integrated with philosophy (Liz & Kwak, 2025). 

In South Korea, philosophical traditions are largely influenced by Confucianism and Buddhism. These philosophies are a guide 

for living a moral, harmonious, and productive life within a hierarchical and collectivist society. Traditional Korean philosophy 

prioritizes self-cultivation, character building, and leadership for the greater good of the community. Therefore, a philosophical 

education aims to internalize and practice one's daily interactions with others. This perception poses a challenge when integrating 

Western philosophy. The Confucian tradition has led to the establishment of a revered and hierarchical relationship between the 

teacher and the student. Students are expected to show respect and deference, and the education system emphasizes rote 

memorization and conformity over critical evaluation and open debate. This contrasts with the Socratic method, which encourages 

questioning and challenging the instructor. This can create a significant cultural barrier to the successful integration of a more 

discursive and critical approach to philosophy (Stanford Encyclopedia of Philosophy, 2005). 

Finland's approach to philosophy is intertwined with its educational philosophy of equality, critical thinking, and holistic 

development. It has successfully integrated philosophy into its curriculum by viewing it not as a standalone subject, but as a method 

for enhancing other skills. Philosophy in Finland is regarded as a pedagogical tool to teach students how to think critically, solve 

problems, and engage in reasoned arguments. This is compared with a system where philosophy is an isolated, theory-based course. 

The Finnish educational system's success lies in its ability to present philosophy as a practical, transferable skill that is vital for life-

long learning and active citizenship. The Finnish education system is built on a philosophy of providing equal opportunities for all 

students, regardless of their background. This aligns well with the democratic and egalitarian ideals often found in modern Western 

philosophy. Philosophy is taught to encourage students to question societal norms and to think independently, which is a perfect fit 

for a culture that values individual autonomy and social justice (ACADFLY, 2025). 

4. Challenges and Barriers 

Despite growing interest, the integration of philosophy into STEM education faces the following challenges.  

• Curricular constraints: Many national curricula are already overcrowded, and educators may resist adding philosophical 

content due to time constraints or perceived irrelevance. 

•  Assessment and standardization: Traditional exams often prioritize factual recall over ethical reasoning or argument analysis. 

Developing appropriate assessment tools for interdisciplinary skills remains a work in progress (Paul & Elder, 2021). This 

challenge is compounded by the qualitative nature of philosophical inquiry, which often resists traditional quantitative metrics 

of assessment. Innovative assessment methods, such as philosophical essays, ethical dilemma simulations, and reasoned 

debates, are needed but are more resource-intensive to implement and grade. 

• Teacher training and confidence: Many STEM teachers lack formal training in philosophy and may feel unqualified to lead 

discussions on ethical or metaphysical issues. Professional development and co-teaching models can help bridge this gap 

(Shernoff et al., 2017). There can also be a perception that philosophical inquiry slows down the pace of "real" scientific work 

or diverts resources from core STEM subjects, necessitating a clear demonstration of its added value in fostering responsible 

innovation. 

• Institutional and cultural resistance: In some educational cultures, philosophy is viewed as abstract or elitist. Convincing 

stakeholders of its practical value in STEM education requires sustained advocacy and evidence-based research. 

5. Future Directions 

To realize the potential of STEMP education, the following actions are recommended.  
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• Policy support: National and local education authorities should promote integrated curricula through policy incentives, 

funding, and standards reform. 

• Teacher education: Teacher colleges should include philosophy of science and ethics courses in STEM education programs. 

Interdisciplinary degrees or certifications can prepare educators for integrative practice (Biesta, 2009). 

• Research and evaluation: Longitudinal studies are needed to evaluate how philosophical integration affects student outcomes, 

including critical thinking, empathy, scientific reasoning, and career readiness (Facione, 1990). It is necessary to explore the 

long-term impact of STEMP education on the professional conduct and ethical decision-making of graduates in their careers. 

• Global networks and collaboration: International exchange programs, curriculum-sharing platforms, and joint conferences can 

promote global dialogue on STEMP innovation. UNESCO and OECD could play leadership roles in this area (OECD, 2025). 

• Technology and AI in STEMP: As educational technologies evolve, AI-based platforms can help deliver customized 

philosophy modules within STEM courses. These tools can simulate ethical dilemmas, facilitate Socratic dialogues, and 

analyze student reasoning patterns (Shernoff et al., 2017). Furthermore, virtual reality (VR) and augmented reality (AR) 

environments offer immersive experiences of ethical dilemmas in scientific and engineering contexts, allowing students to 

explore consequences and develop empathetic understanding in a safe, simulated environment. 

• Curriculum development and resource creation: It is crucial to develop readily available, high-quality interdisciplinary 

curriculum materials and open educational resources (OERs) and integrate philosophical concepts directly into STEM subjects. 

This includes case studies, lesson plans, and interactive modules that are accessible to a wide range of educators and students. 

• Public engagement and awareness: Promoting public awareness of the importance of STEMP education through workshops, 

public lectures, and media campaigns is required in a supportive ecosystem for its integration. This also involves showcasing 

success stories of STEM professionals who have demonstrated exceptional ethical leadership. 

It is necessary to point out the effectiveness or limitations of advanced technologies, such as AI, in STEMP education. AI is 

effective in automating tasks and adaptive learning as it enables personalized learning that improves engagement and conceptual 

mastery. AI also facilitates efficient learning by automating administrative tasks and providing real-time feedback, freeing up 

educators to focus on more complex pedagogical work. However, AI lacks the capacity for empathy, intuition, and lived experience, 

which are fundamental to ethical and philosophical inquiry. This leads to a reduction of complex philosophical concepts into 

simplistic, algorithmic outputs, potentially over-standardizing education and hindering intellectual autonomy. However, AI supports 

ethical reasoning and dialogical learning in STEM education. It prompts students to consider various perspectives and practice 

critical thinking. AI also supports dialogical learning for debate and different points of view (Uyar, 2025; Hossain & Islam, 2024). 

AI shows limitations in fostering genuine ethical reasoning and deep, dialogical learning. Their effectiveness is limited in 

acting as a supplement, not a replacement, for human interaction and guidance. Over-relying on AI in education might undermine 

effective learning. When students depend on AI for answers or for generating ideas, their critical thinking and problem-solving 

skills can diminish. This leads to a decrease in intellectual autonomy, as students might seek automated answers rather than engage 

in the challenging process of independent thought and reflection. AI systems might be trained on datasets that often reflect existing 

societal biases. For example, AI designed to teach ethics prioritizes certain ethical frameworks over others, or its feedback might be 

biased against students from underrepresented groups. This leads to a stereotyped and potentially unfair educational experience that 

undermines the goals of ethical and critical education (Zawacki-Richter et al., 2019; Hossain & Islam, 2024).  

6. Conclusion 

Integrating philosophy into STEM education is no longer a theoretical aspiration. It becomes a pedagogical necessity brought 

by technological, ethical, and environmental complexity. In many countries, including South Korea, the USA, the UK, and Finland, 

the diverse but converging integration of philosophy in STEM education has been emphasized in interdisciplinary education. 

Strategic curricular reform, teacher training, and research investment must be carried out to solve observed challenges and advance 

the STEMP model. Educators need to nurture students to be competent scientists and engineers who recognize reflectiveness, ethics, 

and social responsibility of technology and its outcomes. The ultimate goal of STEMP is to cultivate not just technically proficient 

individuals, but also intellectually humble, ethically courageous, and socially responsible citizens who are prepared to shape a future 

where technological progress aligns with human values and societal well-being. This holistic approach to education ensures that the 

power of scientific discovery and technological innovation is harnessed for the greater good, mitigating potential harms and 

maximizing societal benefits. However, at the same time, the challenges and limitations of the technological innovation must be 

considered, despite its effectiveness and advantages. 

References 



28 

 

EIET 2025, Vol 5, Issue 3, 22–29, https://doi.org/10.35745/eiet202 2025v05.03.0013 

 

1.  ACADFLY. (2025). Finnish education philosophy. Available online: https://www.acadfly.com/blogs/finnish-education-philosophy 

(accessed on April 19, 2025). 

2.  Bailin, S. (2002). Critical Thinking and Science Education. Science & Education, 11, 361–375. 

3.  Bellous, J. E. (1991). Review: Educating Reason: Rationality, Critical Thinking, and Education. The Journal of Educational Thought, 25, 

165–168. 

4.  Biesta, G. (2009). What Kind of Citizenship for European Higher Education? European Educational Research Journal, 8, 146–158. 

5.  de Haan, G. (2006). The BLK ‘21’ programme in Germany: a ‘Gestaltungskompetenz’‐based model for Education for Sustainable 

Development. Environmental Education Research, 12(1), 139–146. Available online: https://eric.ed.gov/?id=EJ734482(accessed on April 

19, 2025). 

6.  Dizani, A., Ghorbani, A., Taebi, B., & van de Poel, I. (2024). Understanding engineering ethics in countries: Towards an analytical 

framework. Technology in Society, 77, 102517. 

7.  Facione, P. A. (1990). Critical Thinking: A Statement of Expert Consensus for Purposes of Educational Assessment and Instruction. The 

Delphi Report. Available online: https://stearnscenter.gmu.edu/wp-content/uploads/12-The-Delphi-Report-on-Critical-Thinking.pdf 

(accessed on May 14, 2025). 

8.  Finnish National Agency for Education. (2025). National core curriculum for primary and lower secondary (basic) education. Available 

online: https://www.oph.fi/en/education-and-qualifications/national-core-curriculum-primary-and-lower-secondary-basic-education 

(accessed on May 14, 2025). 

9.  Gilder, J. & Medoza, N. (2024). Full STEAM Ahead for Creativity in All Subjects. The Guardian. Retrieved May 14, 2025, 

from https://www.theguardian.com/education/2024/nov/03/full-steam-ahead-for-creativity-in-all-subjects 

10.  Grosz, B. J., Grant, D. G., Vredenburgh, K., Behrends, J., Hu, L., Simmons, A., & Waldo, A. (2018). Embedded EthiCS: Integrating Ethics 

Broadly Across Computer Science Education. arXiv preprint arXiv:1808.05686. Available 

online: https://arxiv.org/abs/1808.05686(accessed on May 14, 2025). 

11.  Hallström, J., & Ankiewicz, P. (2023). Design as the basis for integrated STEM education: A philosophical framework. Frontiers in 

Education, 8, 1–8. 

12.  Hossain, E., & Islam, A. (2024). AI and the Future of Education: Philosophical Questions about the Role of Artificial Intelligence in the 

Classroom. International Journal of Research and Innovation in Social Science, 3, 5541–5547. 

13.  Jeong, E., & Kim, Y. (2000). Development of a Value Inquiry Model in Biology Education. Journal of Korean Association for Research in 

Science Education, 20, 582–598. 

14.  Jozuka, M. (2014). STEAM Co to power art-meets-science events in UK schools. Wired. Available 

online: https://www.wired.com/story/parents-inspire-kids-with-steam-days/ (accessed on May 14, 2025). 

15.  Juntunen, M. K., & Aksela, M. K. (2014). Education for Sustainable Development in Chemistry. Chemistry Education Research and 

Practice, 15, 488–500. 

16.  Kilag, O. S. T., Lisao, C. H., Lastimoso, & Jovielyn J. R. (2024). Bildung-Oriented Science Education: A Critical Review of Different 

Visions of Scientific Literacy. International Multidisciplinary Journal of Research for Innovation, Sustainability, and Excellence, 1, 313–

322. 

17.  Korean Ministry of Education. (2025). The Fifth Science and Technology Master Plan (2023–2027). Available 

online: https://www.msit.go.kr/eng/bbs/view.do?sCode=eng&mId=4&mPid=2&pageIndex=&bbsSeqNo=42&nttSeqNo=762&searchOpt=

ALL&searchTxt (accessed on May 14, 2025). 

18.  Kuhn, D. (2000). Metacognitive Development. Current Directions in Psychological Science, 9(5), 178–181. 

19.  Lipman, M. (2003). PART ONE - EDUCATION FOR THINKING. In M. Lipman (Ed.), Thinking in Education (pp. 15-42). London, UK: 

Cambridge University Press. 

20.  Liz, J., & Kwak, D-J. (2025). Is philosophy of education Western? Educational Philosophy and Theory, 1–

6. https://doi.org/10.1080/00131857.2025.2436061 

21.  Mahmoud, F. E. Z. S. A. (2025). A roadmap to adding philosophy to STEM education to become STEMP. Available 

online: https://d1wqtxts1xzle7.cloudfront.net/122138587/STEMP_Study-libre.pdf?1743609137=&response-content-

disposition=inline%3B+filename%3DSTEMP_Study.pdf&Expires=1749885829&Signature=YRroz03lH4bKY4iwO7HLFFcSN0qe9YA3

SswOWvt1-vbVgAEVuNOSXPgwcu~proMSmxjuL-IBMqis~h4TRBaiZn6npM3bRBSjCm-

ybYsKBudSrCli4NKzpbEpszweFLxQ3XRUky84lKdAxnxKl9A84CvygD3LJK-

nDiFl6RmY63E2A2xxuZDt5BFusYKnaktYDXmQC767TbTxdPlyurF5ECjyEKE3TcWdOoB6Wv8fRCuyU~5JXJ-RvaiZnf-

dbIx4SzovtMgUCVPtOyiZVGUSWdBtov94xmgYlthqX3HW2~CDXM3IPLS6fSj9RlPox-taYxNOih8Iqdn~NQ7oDNmvMQ__&Key-

Pair-Id=APKAJLOHF5GGSLRBV4ZA (accessed on May 14, 2025). 

https://www.acadfly.com/blogs/finnish-education-philosophy
https://eric.ed.gov/?id=EJ734482
https://stearnscenter.gmu.edu/wp-content/uploads/12-The-Delphi-Report-on-Critical-Thinking.pdf
https://www.oph.fi/en/education-and-qualifications/national-core-curriculum-primary-and-lower-secondary-basic-education
https://www.theguardian.com/education/2024/nov/03/full-steam-ahead-for-creativity-in-all-subjects
https://arxiv.org/abs/1808.05686
https://www.wired.com/story/parents-inspire-kids-with-steam-days/
https://www.msit.go.kr/eng/bbs/view.do?sCode=eng&mId=4&mPid=2&pageIndex=&bbsSeqNo=42&nttSeqNo=762&searchOpt=ALL&searchTxt
https://www.msit.go.kr/eng/bbs/view.do?sCode=eng&mId=4&mPid=2&pageIndex=&bbsSeqNo=42&nttSeqNo=762&searchOpt=ALL&searchTxt
https://doi.org/10.1080/00131857.2025.2436061
https://d1wqtxts1xzle7.cloudfront.net/122138587/STEMP_Study-libre.pdf?1743609137=&response-content-disposition=inline%253B+filename%253DSTEMP_Study.pdf&Expires=1749885829&Signature=YRroz03lH4bKY4iwO7HLFFcSN0qe9YA3SswOWvt1-vbVgAEVuNOSXPgwcu~proMSmxjuL-IBMqis~h4TRBaiZn6npM3bRBSjCm-ybYsKBudSrCli4NKzpbEpszweFLxQ3XRUky84lKdAxnxKl9A84CvygD3LJK-nDiFl6RmY63E2A2xxuZDt5BFusYKnaktYDXmQC767TbTxdPlyurF5ECjyEKE3TcWdOoB6Wv8fRCuyU~5JXJ-RvaiZnf-dbIx4SzovtMgUCVPtOyiZVGUSWdBtov94xmgYlthqX3HW2~CDXM3IPLS6fSj9RlPox-taYxNOih8Iqdn~NQ7oDNmvMQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/122138587/STEMP_Study-libre.pdf?1743609137=&response-content-disposition=inline%253B+filename%253DSTEMP_Study.pdf&Expires=1749885829&Signature=YRroz03lH4bKY4iwO7HLFFcSN0qe9YA3SswOWvt1-vbVgAEVuNOSXPgwcu~proMSmxjuL-IBMqis~h4TRBaiZn6npM3bRBSjCm-ybYsKBudSrCli4NKzpbEpszweFLxQ3XRUky84lKdAxnxKl9A84CvygD3LJK-nDiFl6RmY63E2A2xxuZDt5BFusYKnaktYDXmQC767TbTxdPlyurF5ECjyEKE3TcWdOoB6Wv8fRCuyU~5JXJ-RvaiZnf-dbIx4SzovtMgUCVPtOyiZVGUSWdBtov94xmgYlthqX3HW2~CDXM3IPLS6fSj9RlPox-taYxNOih8Iqdn~NQ7oDNmvMQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/122138587/STEMP_Study-libre.pdf?1743609137=&response-content-disposition=inline%253B+filename%253DSTEMP_Study.pdf&Expires=1749885829&Signature=YRroz03lH4bKY4iwO7HLFFcSN0qe9YA3SswOWvt1-vbVgAEVuNOSXPgwcu~proMSmxjuL-IBMqis~h4TRBaiZn6npM3bRBSjCm-ybYsKBudSrCli4NKzpbEpszweFLxQ3XRUky84lKdAxnxKl9A84CvygD3LJK-nDiFl6RmY63E2A2xxuZDt5BFusYKnaktYDXmQC767TbTxdPlyurF5ECjyEKE3TcWdOoB6Wv8fRCuyU~5JXJ-RvaiZnf-dbIx4SzovtMgUCVPtOyiZVGUSWdBtov94xmgYlthqX3HW2~CDXM3IPLS6fSj9RlPox-taYxNOih8Iqdn~NQ7oDNmvMQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/122138587/STEMP_Study-libre.pdf?1743609137=&response-content-disposition=inline%253B+filename%253DSTEMP_Study.pdf&Expires=1749885829&Signature=YRroz03lH4bKY4iwO7HLFFcSN0qe9YA3SswOWvt1-vbVgAEVuNOSXPgwcu~proMSmxjuL-IBMqis~h4TRBaiZn6npM3bRBSjCm-ybYsKBudSrCli4NKzpbEpszweFLxQ3XRUky84lKdAxnxKl9A84CvygD3LJK-nDiFl6RmY63E2A2xxuZDt5BFusYKnaktYDXmQC767TbTxdPlyurF5ECjyEKE3TcWdOoB6Wv8fRCuyU~5JXJ-RvaiZnf-dbIx4SzovtMgUCVPtOyiZVGUSWdBtov94xmgYlthqX3HW2~CDXM3IPLS6fSj9RlPox-taYxNOih8Iqdn~NQ7oDNmvMQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/122138587/STEMP_Study-libre.pdf?1743609137=&response-content-disposition=inline%253B+filename%253DSTEMP_Study.pdf&Expires=1749885829&Signature=YRroz03lH4bKY4iwO7HLFFcSN0qe9YA3SswOWvt1-vbVgAEVuNOSXPgwcu~proMSmxjuL-IBMqis~h4TRBaiZn6npM3bRBSjCm-ybYsKBudSrCli4NKzpbEpszweFLxQ3XRUky84lKdAxnxKl9A84CvygD3LJK-nDiFl6RmY63E2A2xxuZDt5BFusYKnaktYDXmQC767TbTxdPlyurF5ECjyEKE3TcWdOoB6Wv8fRCuyU~5JXJ-RvaiZnf-dbIx4SzovtMgUCVPtOyiZVGUSWdBtov94xmgYlthqX3HW2~CDXM3IPLS6fSj9RlPox-taYxNOih8Iqdn~NQ7oDNmvMQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/122138587/STEMP_Study-libre.pdf?1743609137=&response-content-disposition=inline%253B+filename%253DSTEMP_Study.pdf&Expires=1749885829&Signature=YRroz03lH4bKY4iwO7HLFFcSN0qe9YA3SswOWvt1-vbVgAEVuNOSXPgwcu~proMSmxjuL-IBMqis~h4TRBaiZn6npM3bRBSjCm-ybYsKBudSrCli4NKzpbEpszweFLxQ3XRUky84lKdAxnxKl9A84CvygD3LJK-nDiFl6RmY63E2A2xxuZDt5BFusYKnaktYDXmQC767TbTxdPlyurF5ECjyEKE3TcWdOoB6Wv8fRCuyU~5JXJ-RvaiZnf-dbIx4SzovtMgUCVPtOyiZVGUSWdBtov94xmgYlthqX3HW2~CDXM3IPLS6fSj9RlPox-taYxNOih8Iqdn~NQ7oDNmvMQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/122138587/STEMP_Study-libre.pdf?1743609137=&response-content-disposition=inline%253B+filename%253DSTEMP_Study.pdf&Expires=1749885829&Signature=YRroz03lH4bKY4iwO7HLFFcSN0qe9YA3SswOWvt1-vbVgAEVuNOSXPgwcu~proMSmxjuL-IBMqis~h4TRBaiZn6npM3bRBSjCm-ybYsKBudSrCli4NKzpbEpszweFLxQ3XRUky84lKdAxnxKl9A84CvygD3LJK-nDiFl6RmY63E2A2xxuZDt5BFusYKnaktYDXmQC767TbTxdPlyurF5ECjyEKE3TcWdOoB6Wv8fRCuyU~5JXJ-RvaiZnf-dbIx4SzovtMgUCVPtOyiZVGUSWdBtov94xmgYlthqX3HW2~CDXM3IPLS6fSj9RlPox-taYxNOih8Iqdn~NQ7oDNmvMQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA


29 

 

EIET 2025, Vol 5, Issue 3, 22–29, https://doi.org/10.35745/eiet202 2025v05.03.0013 

 

22.  McCulloch, G. (2015). Finnish lessons 2.0: what can the world learn from educational change in Finland? By Pasi Sahlberg. British Journal 

of Educational Studies, 65(2), 265–268. 

23.  Nussbaum, M. C. (1997). The “New” Liberal Education. In M. C. Nussbaum (Ed.), Cultivating Humanity: A Classical Defense of Reform 

in Liberal Education. Harvard University Press. 

24.  OECD. (2025). Future of Education and Skills 2030/2040. Available online: https://www.oecd.org/en/about/projects/future-of-education-

and-skills-2030.html (accessed on May 14, 2025). 

25.  Paul, R., & Elder, L. (2021). Discover How the Best Thinkers Learn. In R. Paul & L. Elder (Eds.), Critical Thinking: Tools for Taking 

Charge of Your Learning and Your Life. Rowman & Littlefield. 

26.  Raber, D. (2003). Ethics and Information Technology Curriculum. Science and Engineering Ethics, 9, 537–558. 

27.  Resnik, D. B. (2020). What Is Ethics in Research & Why Is It Important? National Institute of Environmental Health Sciences. Available 

online: https://www.niehs.nih.gov/research/resources/bioethics/whatis (accessed on May 14, 2025). 

28.  Sant, E. (2019). Democratic Education: A Theoretical Review (2006–2017). Review of Educational Research, 89(5), 655–696. 

29.  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, 13. 

30.  Shin, H.-e. (2025). Avoidance of humanities and awareness of integrated liberal arts and science curriculum. HRC Opinion. Available 

online: https://hrcopinion.co.kr/en/archives/23688 (accessed on May 14, 2025). 

31.  Sjöström, J. (2024). Vision III of scientific literacy and science education: an alternative vision for science education emphasising the ethico-

socio-political and relational-existential. Studies in Science Education, 61(2), 239–274. 

32.  Stanford Encyclopedia of Philosophy. (2005). Korean Philosophy. Available online: https://plato.stanford.edu/entries/korean-

philosophy/#:~:text=Thus%2C%20Korean%20philosophy%20steadily%20emphasized,sake%20of%20promoting%20public%20good. 

(accessed on September 18, 2005). 

33.  Uyar, A. (2025). Effective Use of Artificial Intelligence Tools In STEM Education: Perspectives Of STEM Educators. Journal of Baltic 

Science Education, 24(3), 552–566. 

34.  Wolfmeyer, M., Chesky, N., & Mark, R. (2015). Critical Inquiry into STEM Education. In Philosophy of STEM Education: A Critical 

Investigation. Palgrave Macmillan. 

35.  Zawacki-Richter, O., Marín, V. I., Bond, M., & Gouverneur, F. (2019). Systematic review of research on artificial intelligence applications 

in higher education – where are the educators? International Journal of Educational Technology in Higher Education, 16, 39. 

36.  Hossain, E., & Islam, A. (2024). AI and the Future of Education: Philosophical Questions about the Role of Artificial Intelligence in the 

Classroom. International Journal of Research and Innovation in Social Science, 3, 5541–5547. 

 

Publisher’s Note: IIKII stays neutral with regard to jurisdictional claims in published maps and institutional affiliations. 

© 2025 The Author(s). Published with license by IIKII, Singapore. This is an Open Access article distributed 

under the terms of the Creative Commons Attribution License (CC BY), which permits unrestricted use, 

distribution, and reproduction in any medium, provided the original author and source are credited. 

 

https://www.oecd.org/en/about/projects/future-of-education-and-skills-2030.html
https://www.oecd.org/en/about/projects/future-of-education-and-skills-2030.html
https://www.niehs.nih.gov/research/resources/bioethics/whatis
https://hrcopinion.co.kr/en/archives/23688
https://plato.stanford.edu/entries/korean-philosophy/#:~:text=Thus%252C%2520Korean%2520philosophy%2520steadily%2520emphasized,sake%2520of%2520promoting%2520public%2520good
https://plato.stanford.edu/entries/korean-philosophy/#:~:text=Thus%252C%2520Korean%2520philosophy%2520steadily%2520emphasized,sake%2520of%2520promoting%2520public%2520good
http://creativecommons.org/licenses/by/4.0

