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Introduction

In recent years, an increasing number of scholars and researchers have recognized the importance of understanding
research trends in educational approaches, particularly those that employ interdisciplinary models such as Science,
Technology, Engineering, Arts and Mathematics (STEAM) and foundational concepts such as the Nature of
Science (NOS). Both STEAM and NOS aim to prepare students for an increasingly complex and rapidly changing
world, in which skills in critical thinking, creativity and scientific literacy are paramount (Donthu et al., 2021).
The integration of STEAM into traditional STEM fields adds a dimension of creativity and innovation, essential
for students' holistic development and aligned with global efforts to foster problem-solving skills for future
challenges (Maryanti et al., 2022; Ullah et al., 2022).

Bibliometrics is a key tool for identifying and understanding research trends, to comprehensively map
publications, research areas and geographical contributions (Donthu et al., 2021). Through such analysis, one can

trace how fields such as STEAM and NOS have evolved, identifying key contributions, influential authors and
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areas requiring further exploration. Research trends can provide critical insights into the shifting focus of
educational approaches and highlight global efforts in addressing educational challenges, particularly concerning
the Sustainable Development Goals (SDGs), such as SDG 4, which emphasizes quality education for all (Maryanti
et al.,, 2022). As education systems worldwide strive to satisfy the demands of 21st-century learning,

understanding how STEAM and NOS research align with these global goals is essential.

A growing number of countries have adopted STEAM education in recent years, with notable contributions from
the United States, South Korea and China (Supriyadi et al., 2023). The interdisciplinary approach fosters
collaboration across disciplines, encouraging students to develop critical skills relevant across both the sciences
and the arts (Ullah et al., 2022). Meanwhile, NOS provides students with a framework for understanding the
construction of scientific knowledge and emphasizing the empirical, tentative and creative aspects of science
(Lederman & Lederman, 2019). NOS instruction is vital in promoting scientific literacy, helping students critically
engage with scientific claims and fostering informed decision-making in a society increasingly influenced by

science and technology.

Meanwhile. the United Nations established the SDGs in 2015 as part of the 2030 Agenda for Sustainable
Development, aiming to address global challenges and promote prosperity while protecting the planet. The 17
goals are interconnected and include the following: (1) No Poverty, (2) Zero Hunger, (3) Good Health and Well-
Being, (4) Quality Education, (5) Gender Equality, (6) Clean Water and Sanitation, (7) Affordable and Clean
Energy, (8) Decent Work and Economic Growth, (9) Industry, Innovation and Infrastructure, (10) Reduced
Inequalities, (11) Sustainable Cities and Communities, (12) Responsible Consumption and Production, (13)
Climate Action, (14) Life Below Water, (15) Life on Land, (16) Peace, Justice and Strong Institutions and (17)
Partnerships for the Goals. These goals serve as a universal call to action for countries, organizations and
individuals to work together toward a more sustainable and equitable future. STEAM education and NOS play an
increasingly important role in achieving many of these goals, particularly in areas such as Goal 4 (Quality
Education), Goal 7 (Affordable and Clean Energy) and Goal 13 (Climate Action), by fostering innovation, critical
thinking and problem-solving skills needed to address global challenges (Maryanti et al., 2022).

Even though there have been bibliometric studies around the trends on STEAM and NOS respectively, there has
been no such study that examines both STEAM and NOS research. A study like this would not only outline how
these educational models have developed but also identify how trends in research developed over time, as well as
key research areas and geographical contributions. Such an analysis would help map the global impact of STEAM
and NOS education and reveal how these approaches contribute to the SDGs, particularly in promoting inclusive
and equitable education. By analyzing publication trends, research areas and country affiliations, a comprehensive
understanding of STEAM and NOS can guide future educational policies and practices, ensuring that both

approaches are leveraged to foster innovation, creativity and scientific literacy in learners worldwide.

Literature Review

The existing literature on STEAM education and NOS underscores the increasing recognition of interdisciplinary
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approaches in education. Both areas emphasize the integration of creativity and scientific inquiry to enhance
critical thinking, problem-solving and scientific literacy among students. These educational frameworks are being
explored globally as tools for addressing 21st-century challenges (Lederman & Lederman, 2019; Supriyadi et al.,
2023).

STEAM Education

STEAM education, as an innovative integrating field of Science, Technology, Engineering, Art and Mathematics,
has emerged as a significant interdisciplinary approach in modern education systems, aimed at fostering critical
thinking, creativity and problem-solving skills among students. As education systems around the world seek to
prepare students for a rapidly changing and technologically advanced society, STEAM offers a more holistic
approach than traditional STEM—Science, Technology, Engineering and Mathematics—does by integrating the
arts. This interdisciplinary model not only addresses technical skills but also emphasizes creative, artistic and
social dimensions crucial for the development of well-rounded individuals in the 21st century (Ismiati, 2024; Niu
& Cheng, 2022).

The transition from STEM to STEAM reflects an evolving understanding of the role of education in equipping
students with the necessary tools for the future. While STEM emphasizes technical and scientific knowledge,
STEAM integrates the arts to promote a broader range of skills, including creativity, critical thinking and
innovation (Qizi, 2024). According to Niu and Cheng (2022), adding the arts into STEM transforms learning into
a more inquiry-based and encouraging creativity, which is an increasingly critical skill in modern economies.
STEAM education seeks to bridge the gap between scientific and artistic disciplines, recognizing that creativity
is not confined to the arts alone. Both scientific and artistic fields benefit from imaginative thinking,
experimentation and innovation. As Steve Jobs famously said, *Technology alone is not enough." In his view, the
fusion of technology with the humanities produces innovative outcomes that appeal to human emotions and
aspirations, an essential element for success in today's market. Incorporating arts into science and technology
fosters a deeper understanding of how these fields interact with societal and cultural contexts. This approach is
especially relevant in addressing contemporary challenges, such as environmental sustainability, in which both

technical solutions and ethical considerations must be balanced (Nyaaba et al., 2024; Qizi, 2024).

STEAM education has been shown in the literature to have significant benefits. First, STEAM education can
promote a comprehensive skill set. STEAM encourages the development of not only technical skills but also
creativity, collaboration and communication. These competencies are critical for success in a world increasingly
dominated by automation and artificial intelligence. Many traditional STEM fields, such as programming and
engineering, are vulnerable to automation, but skills in creative thinking and human-centered design are more
resistant to this trend (Ismiati, 2024; Qizi, 2024; Salcedo et al., 2024).

Second, STEAM education emphasizes hands-on learning and project-based approaches, which help students
connect theoretical knowledge to practical applications. This method makes learning more relevant to real-world

scenarios. According to Ismiati (2024), project-based learning in STEAM promotes critical analysis of real-world
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phenomena, fostering students' abilities to approach problems from multiple perspectives. Such experiences are
essential in preparing students for the complexities of modern challenges, in which interdisciplinary solutions are

often required.

Third, by integrating arts and creativity into the curriculum, STEAM education fosters greater student
engagement. Studies have shown that students are more motivated when they can explore their interests and
connect learning to their own experiences. The flexibility of STEAM allows students to engage with subjects

meaningfully, leading to higher levels of participation and enthusiasm (Ismiati, 2024; Qizi, 2024).

Finally, a key goal of STEAM education is cultivating an innovative mindset. Creativity, often nurtured through
the arts, is fundamental to innovation. By encouraging students to think beyond traditional disciplinary
boundaries, STEAM prepares them to devise novel solutions to problems. This innovative capacity is crucial in
fields such as engineering, technology and even business, in which creative problem-solving is often the key to
success (Niu & Cheng, 2022; Nyaaba et al., 2024; Qizi, 2024).

The STEAM approach is gaining traction globally, with education systems across various countries integrating it
into their curricula. For example, in the United States, STEAM is seen as a response to the growing need for more
creative professionals in fields such as technology and engineering. In Finland, STEAM education aligns with the
country's innovative educational practices, which emphasize interdisciplinary learning and critical thinking (Niu
& Cheng, 2022; Nyaaba et al., 2024; Perales & Arostegui, 2024). Countries such as China and Taiwan have also
adopted STEAM approaches to foster innovation and creativity among students. Research conducted in these
regions highlights the effectiveness of STEAM in promoting critical thinking and creativity, skills essential for
adapting to the fast-changing global economy (Niu & Cheng, 2022; Qizi, 2024). In Indonesia, STEAM has been
incorporated into the "Merdeka Curriculum,” which emphasizes independent learning and 21st-century skill
development. This approach not only enhances student engagement but also prepares them for future careers by
emphasizing real-world applications of knowledge (Perales & Arostegui, 2024; Qizi, 2024).

The successful implementation of STEAM education depends heavily on the competencies of teachers. Studies
have shown that teachers with creative competencies are more likely to engage students in innovative learning
activities. Teachers must be equipped to foster both the technical and the creative aspects of STEAM, which
involves not only teaching subject-specific content but also guiding students in interdisciplinary thinking and
problem-solving. Furthermore, the classroom environment plays a crucial role in facilitating STEAM education.
A creative and flexible learning environment encourages students to collaborate and explore ideas freely. Teachers
are tasked with setting up inquiry-based learning experiences for students to experiment and take ownership of
their learning (Niu & Cheng, 2022; Perales & Arostegui, 2024).

Despite its many benefits, STEAM education faces several challenges. One of the primary barriers is the need for
teacher training and professional development. Many educators are not yet equipped to implement STEAM
curricula effectively, often lacking resources and infrastructure to support this type of education. Moreover,

integrating arts into traditionally STEM-focused subjects can encounter resistance, particularly in educational
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systems that prioritize standardized testing and rigid curricula. Overcoming these barriers requires a shift in
educational priorities, emphasizing creativity, innovation and interdisciplinary learning as key outcomes of the
educational process (Ismiati, 2024; Qizi, 2024).

STEAM education represents a forward-thinking approach to learning that aligns with the demands of the 21st
century. By integrating the arts with science, technology, engineering and mathematics, STEAM fosters a more
holistic set of skills that include creativity, collaboration and critical thinking. These competencies are essential
for preparing students for a future in which technological advances will continually reshape the job market and
societal expectations. As countries around the world increasingly adopt STEAM approaches, this interdisciplinary
model clearly offers valuable tools for both educators and students. STEAM not only enhances academic
performance but also prepares students to navigate the complexities of modern life, in which innovative and
creative problem-solving will be more critical than ever before (Ismiati, 2024; Niu & Cheng, 2022; Nyaaba et al.,
2024; Qizi, 2024). By embracing STEAM, educational systems can cultivate a generation of learners who are not
only technically proficient but also capable of thinking creatively and critically in ways that will define the future

of innovation (Perales & Arostegui, 2024).

NOS and Education

Bell and Lederman (2003) emphasize the importance of teaching NOS to foster scientific literacy, which goes
beyond the simple memorization of facts and theories. NOS refers to the values, assumptions and principles
inherent in scientific knowledge, including its tentativeness, creativity and empirical nature. Teaching NOS is
crucial for developing individuals' abilities to evaluate scientific claims critically and apply scientific
understanding to real-world decisions, particularly in areas involving complex science and technology issues. The
authors argue that NOS instruction helps students understand not only the outcomes of scientific inquiry but also
the processes of constructing scientific knowledge. This, in turn, equips students with tools to distinguish between
sound scientific practices and pseudoscientific claims, making them better-informed citizens capable of making
reasoned decisions in a society increasingly impacted by science and technology. However, the article reveals a
gap between the intended outcomes of NOS education and its practical application in decision-making. The study
showed that participants, regardless of their understanding of NOS, often based decisions on personal values and
social concerns rather than on scientific reasoning alone. Thus, the authors suggest that NOS instruction, while
essential, should be complemented by value-based education and attention to intellectual and moral development

to improve decision-making on science-related issues.

Irzik and Nola (2011) advocate the Family Resemblance Approach (FRA) in science education as an alternative
to the "consensus view" of NOS. The consensus view, widely adopted in science education, focuses on a set of
agreed-upon characteristics of science, such as its empirical, tentative, theory-laden and socially and culturally
embedded nature. However, the authors argue that this view is too narrow and monolithic, as it overlooks the
diversity within scientific disciplines and fails to capture the full richness of science. The FRA, inspired by
Wittgenstein's notion of family resemblance, suggests that science should be viewed as a system with overlapping

characteristics across different disciplines, rather than a single set of defining features. It encompasses four major
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categories: scientific activities, aims and values, methodologies and methodological rules and scientific products.
This approach emphasizes that while different scientific disciplines may share some of these features, not all
features are present in every discipline. For example, some sciences rely more on observation than on
experimentation and not all sciences focus on predictions. The FRA is presented as a more flexible and
comprehensive framework accounting for both the unity and the diversity of scientific practices. The article also
highlights the pedagogical advantages of FRA in the classroom, as it encourages critical thinking and allows

students to appreciate the complexity and dynamic NOS without being constrained by rigid definitions.

Wu and Erduran (2024) highlight the importance of teaching NOS as a key component of science education,
particularly to foster scientific literacy. NOS encompasses the values, assumptions and methodologies that define
scientific knowledge and practice, including its tentative, empirical and creative aspects. Understanding NOS
allows students to evaluate scientific claims critically, grasp the processes behind scientific discoveries and engage
more thoughtfully with science-related issues in society. The authors argue that NOS instruction extends beyond
factual knowledge. It helps students comprehend the methods and reasoning that scientists use to develop theories
and conclusions. This understanding empowers individuals to make informed decisions about science and
technology, especially in an era in which such issues dominate public discourse. By learning NOS, students
become more adept at distinguishing between legitimate scientific practices and pseudoscience, fostering their
role as informed citizens. The article also discusses the challenges of effectively teaching NOS. Despite the
educational value of NOS, many individuals make decisions based on personal values or societal concerns rather
than purely scientific reasoning. This observation suggests that NOS instruction, while critical, needs to be paired
with education in ethics, values and critical thinking to improve science-related decision-making. The authors
advocate for a more integrated approach to science education, in which NOS is not just a stand-alone topic but
also woven into broader educational goals, helping students to develop a more nuanced and reflective

understanding of both science and society.

Simultaneously, Bugingo et al. (2024) discuss the importance of improving teachers' and students' understanding
of NOS through active instructional approaches. NOS refers to the epistemology and sociology of science,
including its processes, values and assumptions. Understanding NOS is essential for fostering scientific literacy,
enabling both students and teachers to grasp how scientific knowledge is developed, validated and applied. It also
empowers them to engage with socio-scientific issues critically. The literature review reveals that both teachers
and students often have misconceptions about NOS. For instance, the relationship between scientific theories and
laws is misunderstood, with many viewing theories as proven facts that become laws over time. Additionally,
misconceptions exist regarding the empirical NOS, observations and inferences and the creative aspects of
scientific inquiry. Active instructional approaches, particularly explicit and reflective methods, are emphasized as
effective tools for improving the understanding of NOS. These approaches involve directly addressing NOS
concepts within the science curriculum, encouraging students to reflect on the nature and processes of science as
part of their learning. Studies show that these methods enhance comprehension of key NOS concepts, though
some regions still show a significant gap, especially in developing countries such as Sub-Saharan Africa. The
article underscores that while instructional interventions have been successful, more needs to be done to ensure

these approaches are consistently applied, particularly in contexts in which educational resources and teacher

362



International Journal of Education in Mathematics, Science, and Technology (IJEMST)

training are limited. The integration of NOS into science education, combined with effective instructional
strategies, is vital for developing a scientifically literate population capable of informed decisions about science

and technology.

Dagher and Erduran (2016) explore the importance of expanding how NOS is conceptualized and taught in science
education. The authors propose an enhanced version of the FRA, initially developed by Irzik and Nola (2011),
which integrates both cognitive-epistemic and social-institutional aspects of science. This expanded framework
aims to offer a more holistic view of science, which is essential for curriculum development and instruction. The
FRA framework identifies shared and distinct features across scientific disciplines, emphasizing that science is
not defined by a single set of characteristics but by a broad range of practices, methodologies and social norms.
This approach is valuable because it allows for flexibility in teaching NOS, providing educators with a more
inclusive tool to explain the complex and multifaceted NOS. The authors argue that the traditional "consensus
view" of NOS, focusing on seven key tenets, is too limited and oversimplifies the nature of scientific inquiry. The
expanded FRA encourages a broader understanding by including elements such as scientific ethos, professional
activities and social values. The article emphasizes the need for an instructional shift from rigid NOS tenets,
instead fostering critical thinking and inquiry-based learning. This reconceptualized approach to NOS not only
enhances scientific literacy but also prepares students to engage critically with real-world scientific and
technological issues. The FRA framework supports a more nuanced and reflective understanding of science, which

can be integrated into curricula, textbooks and teacher training programs.

Bibliometric Studies on STEAM Education

STEAM education has attracted the interest of bibliometricians over the last few decades. Supriyadi et al. (2023)
provides a comprehensive bibliometric analysis of research trends in STEAM education, based on the Scopus
database. The study focuses on three key research questions: the progress of STEAM education research,
influential contributors in the field and the global affiliations and countries contributing to this research. The study
utilized bibliometric tools, specifically the Bibliometrix R-tool and BiblioShiny software, to analyze data from
Scopus, identifying patterns and trends in STEAM education publications. The findings reveal that the annual
growth rate of STEAM-related publications is 24.19%, reflecting a significant spurt in research in this field. Over
529 documents, including journal articles, conference papers and books, were analyzed, showing the increasing
popularity of STEAM in educational discourse. The study also highlights South Korea as the leading contributor
to STEAM research, with Jeju National University and the Korea National University of Education producing the
highest number of STEAM-related publications. This bibliometric study underscores the global interest in
STEAM education and its growing impact on educational research and practice. By identifying key contributors
and trends, this study provides insights for researchers and policymakers to enhance global cooperation and further
advance the field of STEAM education.

Jamali et al. (2023) presented a bibliometric analysis of the connection between STEM education and the
improvement of educational quality, particularly in the context of Sustainable Development Goal 4 (SDG 4)—

Quality Education. This study emphasizes the growing role of STEM (Science, Technology, Engineering and
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Mathematics) in shaping educational outcomes, addressing both cognitive and socio-economic challenges and
preparing students for real-world problems. The authors comprehensively analyze 150 publications from the
Scopus database between 1993 and 2020. Through tools such as VVoSviewer and Bibliometrix, the study highlights
key trends, the most influential authors and journals, research hotspots in STEM education and its role in
enhancing educational quality. The United States emerged as the leading research contributor, with "Science
Education” ranked as the most frequently cited journal. Topics such as early childhood education, computing
education and environmental education are among the most active research areas within STEM as per the study.
The analysis suggests that integrated STEM approaches, particularly those linked to project-based learning and
problem-solving, can significantly enhance the quality of education by fostering interdisciplinary skills, creativity
and real-world application. This study provides a foundation for future research, advocating for further exploration
of STEM's role in educational systems, especially in the context of global sustainability initiatives.

Phuong et al. (2032) analyzed 750 publications from the Scopus database from 2006 to 2022 to assess through
case studies the global progress in implementing STEM education. This study aims to provide an in-depth
understanding of key trends, influential authors and the research directions within the field. The analysis reveals
a significant increase in STEM case study publications, particularly over the last five years, with a 30.47% annual
growth rate. The most productive country is the United States, accounting for 57.7% of the total publications and
72% of total citations. Other notable contributors include the UK, Tirkiye, Australia and China. The study also
highlights the most impactful authors, with the majority from the United States and key publications that have
shaped the discourse on STEM education. Three main research directions are identified: STEM education in
higher education, the expansion of STEM to STEAM (integrating the arts) and STEM activities in K-12 education.
The study underscores the growing significance of interdisciplinary approaches and the increasing integration of
STEAM in education. Overall, this bibliometric study offers valuable insights for educators and policymakers,
providing a roadmap for future research on the global implementation of STEM education. It also emphasizes the
necessity for continuous monitoring and analysis of the rapidly evolving research landscape to enhance STEM

education outcomes worldwide.

Wijayanti et al. (2024) investigated the integration of STEAM and ideology-based education, focusing on
developing students' critical and creative thinking skills. This bibliometric analysis uses VOSviewer and Scopus
databases to analyze 704 documents, concentrating on the intersection between national ideology and STEAM
approaches in science education. The authors explore how the STEAM approach, which traditionally emphasizes
interdisciplinary learning by integrating science and the arts, can be aligned with nation-centric pedagogies.
Specifically, the study highlights the potential of using national ideologies, such as Indonesia's Pancasila, to shape
education and promote the development of essential cognitive skills in students. This approach supports the
growth of students' national identity and character alongside their academic and scientific knowledge. The
findings from the bibliometric analysis reveal that integrating national ideology with STEAM in science education
is a relatively underexplored area, presenting opportunities for future research. The study identifies key themes,
research trends and influential authors in the field, shedding light on how this intersection can be further explored
to benefit educators, policymakers and researchers. Ultimately, the article concludes that combining ideology-

based education with the STEAM approach promises to advance education by nurturing critical and creative
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thinking, fostering national identity and improving the quality of science education programs.

Several trends are common across various bibliometric analyses, illustrating the global rise and importance of
STEAM education research. One of the shared findings is the significant annual growth in STEAM-related
publications, reflecting increasing global recognition of the value of integrating arts into traditional STEM fields.
This trend is supported by Supriyadi et al. (2023), Jamali et al. (2023) and Phuong et al. (2023), who consistently
emphasize that STEAM's interdisciplinary approach fosters critical thinking, creativity and innovation, which are
vital for preparing students for complex, real-world challenges. Countries such as the United States and South
Korea and institutions such as Jeju National University emerge as leading contributors, highlighting the global
commitment to advancing STEAM education. Another recurring theme across the studies is the growing emphasis
on real-world applications through project-based learning and problem-solving approaches. This shift from
theoretical knowledge to practical, hands-on learning is a defining characteristic of STEAM education, facilitating
students' ability to engage with interdisciplinary challenges and promoting a more holistic skill set. Bibliometric
analyses highlight that this approach is becoming increasingly central to educational systems worldwide,
particularly in K-12 and higher education settings (Ismiati, 2024; Niu & Cheng, 2022). Moreover, all studies
acknowledge the necessity of equipping teachers with the skills to implement STEAM curricula effectively. A
common challenge identified in these analyses is the need for more comprehensive teacher training and resources,
which are crucial for fostering creative competencies and guiding interdisciplinary learning in classrooms (Perales
& Arostegui, 2024). The studies also point to an emerging, yet underexplored, area: the integration of national
ideologies with STEAM education. Wijayanti et al. (2024) highlight the potential for this integration to foster not
only cognitive development but also national identity and character, providing new opportunities for research and
pedagogical innovation. Collectively, these bibliometric studies underline the evolving nature of STEAM
education as a globally relevant, interdisciplinary framework that enhances both technical skills and cultural

awareness, positioning it as a key driver in the future of education (Nyaaba et al., 2024; Qizi, 2024).

Bibliometric Studies on NOS

NOS has also been a field that bibliometricians have investigated. Bilen and Kurtulug (2021) conducted a
comprehensive bibliometric analysis of research trends in NOS within science education from 1986 to 2019. By
analyzing 799 studies from the Web of Science Core Collection database, the study identifies key trends, prolific
authors and geographic contributions to NOS research over 33 years. The analysis shows that the first publication
on NOS was by Lederman in 1986, with research interest accelerating after 2005. The highest publication rate
occurred between 2016 and 2019, accounting for 33% of total publications, reflecting increasing global
engagement with NOS topics. Key leading journals in NOS publications include the Journal of Science Education,
Science & Education and Science Education. The United States, Tirkiye and the United Kingdom are identified
as the top contributors to NOS research, with the USA producing the most publications. The study also highlights
the importance of international collaborations, with countries such as South Korea and Canada having a higher
rate of multiple-country publications, suggesting stronger collaborative research networks compared to countries
such as the USA and Turkiye, which have lower multiple-country publication scores. Common keywords across

the studies include "views," "students," and "knowledge," indicating consistent research focuses on students'
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understanding of NOS. The study concludes that NOS remains a crucial topic in science education, with growing
attention over time and suggests further exploration of NOS through expanded bibliometric analyses using other

databases such as Scopus and ERIC.

Xue et al. (2018) provided a comprehensive bibliometric analysis of resilience research across various domains,
such as social-ecological systems, engineering, disaster management and organizational behavior. Resilience,
originating from the Latin word "resilio," meaning "to jump back," has evolved significantly as a scientific concept
since the 1970s. This analysis uses data from the Web of Science from 1985 to 2014, examining 6,502 articles to
trace the evolution of resilience research. The article identifies three primary research domains: social-ecological
resilience, engineering and disaster resilience and economic and organizational behavior resilience. Each domain
has distinct definitions and focuses, but all emphasize the ability of systems—mnatural, human, or engineered—to
recover from disturbances and maintain their functions. The authors use bibliometric tools to map the geographic
distribution of resilience research, highlighting that the United States, the United Kingdom and Australia are
leading contributors. Moreover, collaborations between institutions and the growing body of international co-
authored publications underscore the global importance of resilience research. The article also tracks the evolution
of research topics, with resilience in social-ecological systems being the most developed and influential area,
while resilience in engineering and disaster domains has demonstrated increasing prominence due to growing
concerns about climate change and urban infrastructure. Bibliometric analysis identifies key authors, journals and
institutions, providing a roadmap for future research to address emerging challenges in resilience science. The
study concludes by emphasizing the need for continued interdisciplinary collaboration and the refinement of

resilience measurement methods to support sustainable development and disaster preparedness.

Yanuarti and Suprapto (2021) presented a comprehensive bibliometric analysis of research trends over the last
decade in the history of science, particularly focused on physics. Using data from the Scopus database, the study
identifies 1,978 relevant publications from 2011 to 2020. The findings indicate that research in this field has been
stable, with prominent sources including journals focusing on Science Education, Nature, Environment and Social
Studies. The United States leads in the volume of research publications, followed by the United Kingdom and
Germany. Major institutions contributing to this body of work include the Centre national de la recherche
scientifigue (CNRS) from France, the Russian Academy of Sciences and the University of Cambridge. The study
identifies four main research clusters: (1) historical figures and their contributions, (2) the relationship between
the history and philosophy of science, (3) the development of science in various countries over time and (4) the
role of universities and relevant projects in advancing the history of science. Several multi-cited articles emphasize
the intersection of natural history and science education. The analysis underscores the growing interest in
integrating the history and philosophy of science into science education, providing a roadmap for future research.
Overall, this bibliometric study offers valuable insights into the key trends and contributors shaping the field of

the history of science in the past decade.

Literature Review Around STEAM and NOS

The review of existing literature on STEAM education and NOS highlights the growing emphasis on
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interdisciplinary education to foster creativity, scientific literacy and problem-solving abilities in students. Studies
such as Supriyadi et al. (2023), Jamali et al. (2023) and Ullah et al. (2022) have demonstrated the value of
integrating these frameworks to address both educational and societal challenges, particularly in the context of
developing 21st-century skills. Lederman and Lederman (2019) also emphasize the importance of NOS in
promoting critical thinking and scientific reasoning, reinforcing the idea that understanding the nature of scientific

inquiry is crucial for preparing students to engage with real-world issues.

Furthermore, Maryanti et al. (2022) highlight the growing alignment between STEAM education and global
sustainability initiatives, such as the SDGs, particularly in the areas of health, clean energy and climate action.
Despite these advancements, much of the existing research focuses on theoretical applications or regional studies,
leaving gaps in understanding the broader, global trends of STEAM and NOS integration across educational
systems. Xue et al. (2018) and Yanuarti and Suprapto (2021) have pointed out the necessity for more
comprehensive global analyses to fully understand how these frameworks are being implemented and what their

impact on educational outcomes is.

Method

This study employed bibliometrics to examine the research trends regarding the integration of STEAM education
and NOS. By utilizing the WoS platform, a comprehensive dataset of 8,546 articles was analyzed, focusing on
publication trends, academic fields, geographical contributions and alignment with the SDGs. The methodology

clearly maps global research trends in these interdisciplinary fields.

Rationale of the Study

A bibliometric study focused on research trends in the relationship between STEAM and NOS is crucial to
understanding how these interdisciplinary fields have developed and continue to shape educational practices
worldwide. Such a study would help map the landscape of STEAM and NOS research, providing insights into
publication trends, research areas, countries, affiliations and their alignment with the SDGs, particularly SDG 4
on Quality Education (Jamali et al., 2023). STEAM's interdisciplinary approach, integrating STEAM, has become
increasingly recognized for fostering creativity, critical thinking and problem-solving skills essential for 21st-
century learners (Supriyadi et al., 2023). Similarly, NOS emphasizes the values, assumptions and methodologies
behind scientific inquiry, which are critical for developing scientific literacy and informed decision-making in

complex, science-based societal issues (Bell & Lederman, 2003; Bilen & Kurtulus, 2021).

Tracking the number of publications per year is important for identifying how research interest in these areas has
grown. Bibliometric studies have shown an annual increase in publications related to STEAM education, with
Supriyadi et al. (2023) reporting a 24.19% rise, reflecting growing global engagement. A bibliometric study
examining both STEAM and NOS would reveal similar or distinct trends, helping to benchmark the development
of these fields against each other and providing a timeline of key milestones. Analyzing the research areas, or
fields of study, allows the identification of dominant themes in STEAM and NOS. STEAM, for instance, has been
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strongly linked to creativity and innovation through project-based learning (Ismiati, 2024), while NOS research
has focused on the empirical and tentative nature of scientific knowledge (Wu & Erduran, 2024). Identifying
which fields of study have embraced these approaches will help educators and policymakers recognize areas of
strength and those needing further exploration. Geographic contributions also play a significant role in
understanding global research trends. Countries such as the United States, South Korea and the UK are major
contributors to both STEAM and NOS research (Bilen & Kurtulug, 2021; Supriyadi et al., 2023). This trend
underscores the importance of cross-national collaboration in advancing these fields. A bibliometric analysis of
STEAM and NOS research would map such collaborations and reveal potential gaps in global contributions.
Finally, connecting these research trends to the SDGs, especially SDG 4, would provide valuable insights into
how STEAM and NOS contribute to global educational priorities. Studies like those by Jamali et al. (2023)
emphasize the role of STEM and STEAM in enhancing educational quality and addressing socio-economic
challenges, demonstrating how such research aligns with broader global goals. In short, a bibliometric study
examining research trends on the relationship between STEAM and NOS would comprehensively overview their
development, highlighting key themes, contributors and their impact on sustainable education. This type of
analysis can inform future research, guiding educators and policymakers toward more effective and innovative

educational practices that align with global sustainability goals.

Data Collection and Analysis

The purpose of this research is to explore the trends in the relationship between STEAM and NOS through
comprehensive bibliometrics. To achieve this, the WoS platform was utilized, as it is widely recognized for
bibliometric studies due to its vast database and robust analytical tools (Donthu et al., 2021). The study focused
on a detailed query, searching for all articles that contained STEAM education (including 'STEAM Education’,

'STEM Education' and other variations) and NOS terms. Specifically, the query was structured as follows:

(ALL=(STEAM Education OR 'Science, Technology, Engineering, Arts, Mathematics Education' OR
'STEM Education' OR 'Science, Technology, Engineering and Mathematics Education' OR STEAM OR
STEM)) AND ALL=('Nature of Science' OR NOS Education).

This search yielded 8,546 articles. Utilizing the advanced functions of the WoS platform, the extracted data was
organized and analyzed to address four key research questions:

1. What are the publication rates of articles that examine STEAM and NOS over time?

2. What are the main academic fields of the authors contributing to these publications?

3. Which countries, regions and affiliations lead in the number of publications on this topic?

4. How do these publications align with the United Nations' SDGs?
By answering these questions, the study aims at a comprehensive review of the trends in research focused on the
intersection of STEAM education and NOS. This analysis offers insights into the growth of the field, the
geographical and disciplinary spread of research and the ways in which this research aligns with global educational
and sustainability priorities (Donthu et al., 2021; Korkmaz & Toraman, 2024; Muhammad et al., 2024).
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Results

The findings reveal several key trends in the relationship between STEAM education and NOS. A significant rise
in publications has been observed since 2020, primarily driven by contributions from East Asia. Technical fields,
such as Physics and Materials Science, dominate the research, while STEAM and NOS research aligns strongly

with global sustainability goals, especially in health and clean energy.

Publication Rates

The first key research question examined the publication rates of articles focusing on the relationship between
STEAM education and NOS. The analysis of data, as seen in Figure 1, reveals a significant upward trend in
publications over recent years, especially from 2020 onwards, with a notable peak in 2022. Before 2010, research
on the intersection of STEAM and NOS was relatively limited, comprising less than 3% of the total output,
indicating the still nascent interest in this field. The steady growth after 2015 signals a growing academic
awareness of the value of integrating into these interdisciplinary fields. This surge in publications underscores the
increasing recognition of the need for educational models that combine scientific literacy with creative thinking
to prepare students for the challenges of a rapidly evolving world. As STEAM education introduces the arts into
traditional STEM disciplines, it promotes not only technical proficiency but also innovation, design thinking and
problem-solving, making it a key focus for researchers. Simultaneously, the emphasis on NOS provides a crucial
framework for understanding the scientific process, encouraging students to appreciate the empirical, creative and

tentative nature of scientific knowledge.

Figure 1. Publication Rates

This growth in publication rates aligns with findings from previous bibliometrics (Supriyadi et al., 2023; Jamali
et al., 2023; Phuong et al.,2023). Research on NOS has also followed a comparable path, as evidenced by earlier
studies too (Xue et al., 2018; Yanuarti & Suprapto, 2021). The convergence of these two fields demonstrates their
growing importance in modern educational practices, with both STEAM and NOS increasingly viewed as
essential components for fostering well-rounded, scientifically literate individuals. The parallel rise in
publications suggests that interdisciplinary approaches to education, which emphasize creativity alongside
scientific understanding, are gaining momentum, reflecting a broader shift toward preparing students for the

369



Karampelas

complexities of the 21st century (Supriyadi et al., 2023; Xue et al., 2018).

Academic Fields

The second key research question focused on identifying the research areas contributing to publications on the
relationship between STEAM education and NOS. The data, as shown in Figure 2, reveal that the majority of
publications fall within scientific and technical disciplines, with Physics (18.179%) and Materials Science
(17.418%) making up the largest proportion of the total research output. Chemistry (15.744%) and Science and
Technology (14.070%) are also prominent, while Engineering (11.951%) further highlights the emphasis on fields
that integrate technical expertise and innovation. Education and Educational Research, while directly related to
the context of STEAM and NOS, represent a smaller fraction (2.013%) of the total, suggesting that research in
these areas is still emerging in comparison to more traditional scientific fields. Other significant areas include
Mathematics (7.971%), Cell Biology (7.246%) and Biochemistry and Molecular Biology (5.022%).

320
Astronomy Astrophysics

Computer Science

Figure 2. Academic Fields

These findings indicate that the relationship between STEAM and NOS is primarily explored within technical and
scientific fields, reflecting the strong focus on integrating STEM disciplines with NOS to enhance students'
understanding of scientific processes and innovation. In STEAM education, the emphasis on bridging scientific
rigor with creativity, particularly in fields such as Engineering, Materials Science and Physics, underscores the
growing recognition of interdisciplinary approaches that combine scientific inquiry with problem-solving and
design thinking (Jamali et al., 2023; Supriyadi et al., 2023). In contrast, NOS-focused research has traditionally
found stronger ties in educational fields, particularly as it relates to improving students' understanding of how
scientific knowledge is constructed (Xue et al., 2018). The smaller representation of Education and Educational
Research in this study suggests that integrating NOS with technical STEAM disciplines may still be an emerging
trend, gaining momentum as researchers increasingly recognize the value of including NOS within broader
educational frameworks (Yanuarti & Suprapto, 2021). The combination of technical fields with educational

research points to a growing interdisciplinary dialogue that seeks to merge rigorous scientific training with
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reflective, inquiry-based learning, aligning with the goals of both STEAM and NOS to develop well-rounded,
scientifically literate students (Phuong et al., 2023).

Countries and Affiliations

The third key research question examined both the countries and the affiliations contributing to research on the
relationship between STEAM education and NOS. In terms of countries, as seen in Figure 3, China leads by a
wide margin, contributing 67.318% of the total research output, followed by the United States with 20.204% and
Japan with 24.137%. Other notable contributors include Germany (6.075%), England (5.771%) and South Korea
(4.881%). When examining institutional affiliations, as seen in Figure 4, the Chinese Academy of Sciences stands
out as the most prolific contributor, with 11.050% of the total publications, reinforcing China's leadership in this
area. Japanese universities such as Kyoto University (3.570%), the University of Tokyo (5.818%) and Shanghai
Jiao Tong University (3.629%) also feature prominently, indicating that East Asia is heavily invested in research
exploring the integration of STEAM and NOS. Other key affiliations include the Centre National de la Recherche
Scientifique (CNRS) in France (3.313%) and the University of California System (3.348%) in the United States,
highlighting the global engagement in this field.
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Figure 3. Countries and Regions

This geographical and institutional distribution reflects a broader trend of research concentration in regions with
strong scientific and technological infrastructures, particularly East Asia and the United States. China's
dominance, as seen through its leading affiliations and overall research output, is consistent with findings from
other studies that note China's growing investment in educational reform and interdisciplinary research (Supriyadi
etal., 2023; Phuong et al., 2023). The high presence of Japanese institutions further aligns with the country's long-
standing focus on science and technology education. In comparison, NOS-focused research has traditionally had
a more diverse geographical spread, with significant contributions from Europe and North America (Xue et al.,
2018; Yanuarti & Suprapto, 2021). However, the integration of STEAM and NOS appears to be more concentrated

in regions with strong STEM infrastructures, as evidenced by the leading roles of Chinese and Japanese
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institutions, which are increasingly embracing interdisciplinary approaches in education. This trend emphasizes
the growing global importance of STEAM and NOS, especially in countries and institutions aiming to push the

boundaries of educational innovation and scientific literacy.

283 214
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200
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Figure 4. Affiliations
Sustainable Development Goals
The fourth key research question addressed which SDGs are represented in the research on the relationship

between STEAM education and NOS. The analysis, as shown in Figure 5, indicates that Goal 3 (Good Health and
Well-Being) is the most frequently addressed, with 43.029% of the total publications contributing to this SDG.
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01 No Poverty 03 Good Health And Well Being 05 Gender Equality

284
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09 Induslry Innovation And
Infrastructure

874
07 Affordable And Clean Energy

179
04 Quality Education

Figure 5. Sustainable Development Goals

Other prominent goals include Goal 7 (Affordable and Clean Energy, 10.231%) and Goal 13 (Climate Action,
7.117%), highlighting the focus on health, energy and environmental sustainability in STEAM and NOS research.
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Additionally, Goal 4 (Quality Education)—which directly aligns with the educational objectives of both STEAM
and NOS—accounts for 2.095% of the research, reflecting growing attention to improving educational practices
through interdisciplinary approaches.

This distribution indicates that research on STEAM and NOS is not only centered around advancing scientific and
technological literacy but also addresses broader societal challenges, such as health and environmental
sustainability. The integration of STEAM and NOS in educational research appears to resonate strongly with
SDGs focused on developing sustainable solutions to global issues, particularly those related to health and the
environment. The focus on Goal 7 (Affordable and Clean Energy) and Goal 13 (Climate Action) mirrors global
concerns about sustainable development, in which interdisciplinary research, such as that promoted by STEAM
education, can play a crucial role in developing innovative solutions to these challenges (Phuong et al., 2023;
Supriyadi et al., 2023). Maryanti et al. (2022) highlight the importance of aligning educational research with the
SDGs, particularly in the context of Goal 4 (Quality Education). Their work underscores how STEAM education,
by integrating the arts and creativity into science and technology, fosters critical thinking and problem-solving
skills that are essential for achieving sustainable development. Similarly, NOS-focused research plays a critical
role in fostering scientific literacy and reflective inquiry, aligning with the objectives of Goal 4 to ensure inclusive
and equitable education for all (Xue et al., 2018; Yanuarti & Suprapto, 2021). Overall, the research trends
demonstrate that STEAM and NOS are not only advancing educational practices but also contributing
significantly to global sustainability efforts. This intersection of education and sustainable development highlights
the potential of interdisciplinary approaches in addressing the SDGs and preparing future generations to tackle

complex global challenges.

Summary of Findings

The findings from the four key research questions provide a comprehensive view of the bibliometric trends
regarding the relationship between STEAM education and NOS.

First, the publication rates reveal significant growth in research on STEAM and NOS, particularly from 2020
onwards, peaking in 2022. This surge reflects the growing recognition of interdisciplinary approaches in
education, which combine scientific inquiry with creativity, a trend consistent with findings in other bibliometric
studies on STEAM and NOS (Supriyadi et al., 2023; Xue et al., 2018).

Second, the research areas contributing to publications are primarily rooted in technical and scientific fields, with
Physics (18.179%), Materials Science (17.418%) and Chemistry (15.744%) being the most prominent. This
emphasizes the technical nature of STEAM and the focus on integrating STEM fields with NOS to foster
innovation and scientific literacy. Although Education and Educational Research represent a smaller portion
(2.013%), their presence highlights the emerging interest in applying STEAM and NOS concepts in educational
contexts (Phuong et al., 2023; Yanuarti & Suprapto, 2021).

Third, the geographical and institutional distribution shows that China leads both in research output (67.318%)
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and key affiliations, such as the Chinese Academy of Sciences (11.050%). Other significant contributors include
the United States and Japan, with leading institutions like the University of Tokyo and Kyoto University playing
crucial roles. This regional concentration reflects the strong investment in science and technology education in

East Asia, consistent with trends observed in previous studies (Phuong et al., 2023; Supriyadi et al., 2023).

Finally, the research aligns with various SDGs, particularly Goal 3 (Good Health and Well-Being, 43.029%) and
Goal 7 (Affordable and Clean Energy, 10.231%). The intersection with Goal 4 (Quality Education, 2.095%)
highlights the educational focus of STEAM and NOS, supporting global efforts to improve educational practices
and sustainability (Maryanti et al., 2022). Together, these findings set the stage for a deeper analysis of how these

trends reflect broader educational and societal goals.

Discussion

The findings from the analysis of publication trends and academic fields provide valuable insights into the global
landscape of research on STEAM and NOS. These insights not only highlight current trends but also help map
the ongoing developments in these interdisciplinary areas, offering a comprehensive overview of how research in
STEAM and NOS is evolving across different fields.

Publication Rates

The analysis of publication rates reveals a clear upward trajectory in research focusing on the relationship between
STEAM and NOS, particularly from 2020 onwards. The peak in 2022, with a significant rise in publications,
suggests a growing academic and societal recognition of the importance of interdisciplinary education models.
This aligns with findings Supriyadi et al. (2023) and reflects the increasing global engagement with educational
practices that integrate creativity and scientific literacy.The rise in research output can be linked to a broader
understanding of the importance of combining arts, technology and scientific inquiry to address complex global
challenges. STEAM education, emphasizing the role of creativity in problem-solving, has become a key focus
area for researchers and policymakers alike (Jamali et al., 2023). In parallel, NOS, with its emphasis on
understanding the processes, values and methodologies behind scientific inquiry, has witnessed increased
attention due to its role in promoting scientific literacy and critical thinking (Xue et al., 2018; Yanuarti & Suprapto,
2021).

The sharp increase in publication rates reflects the increasing importance of interdisciplinary education
frameworks in addressing modern educational needs. Researchers and policymakers can use these trends to further
explore the integration of STEAM and NOS and develop new methodologies for teaching that enhance both
creativity and scientific literacy. This trend also suggests that future research should focus on understanding the
specific factors driving the growth of publications, such as the rise of technology in education, the emphasis on
creative problem-solving and the global demand for interdisciplinary skills. Moreover, tracking these trends
provides valuable insights for the development of curricula that align with emerging educational and societal

needs, such as sustainability, innovation and global competence (Jamali et al., 2023; Supriyadi et al., 2023). By
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expanding the analysis of publication rates, researchers can also investigate the influence of global initiatives,
such as the SDGs, on the rise of interdisciplinary research in STEAM and NOS education. The growing body of
research offers a rich dataset that can be mined for insights into how educational models are evolving and what

new pedagogical practices are being developed in response to these trends (Maryanti et al., 2022).

Academic Fields

The analysis of academic fields reveals that research on the relationship between STEAM and NOS is
predominantly concentrated on scientific and technical disciplines. Physics (18.179%), Materials Science
(17.418%) and Chemistry (15.744%) emerge as the most significant contributors, emphasizing the foundational
role of STEM disciplines in driving interdisciplinary education. These findings are consistent with previous
studies that have highlighted the importance of integrating scientific and technological fields with creative and

reflective approaches (Jamali et al., 2023; Supriyadi et al., 2023).

This dominance of technical fields reflects the growing importance of interdisciplinary approaches in addressing
real-world problems. STEAM education, by incorporating the arts into STEM, allows for a broader set of skills,
including design thinking, creativity and innovation, which are critical for solving complex challenges in fields
like engineering, physics and materials science as noted by previous studies (Phuong et al., 2023; Jamali et al.,
2023).0n the other hand, Education and Educational Research represent a smaller portion of the total research
output, accounting for only 2.013%. This suggests that while the technical aspects of STEAM are well-researched,
the integration of NOS into educational contexts is still emerging, as has been identified (Xue et al., 2018; Yanuarti
& Suprapto, 2021).

However, as the findings show, recognition is increasing of the value of integrating NOS within technical fields,
which can enhance students' critical thinking and scientific literacy. The concentration of research in technical
fields suggests that future studies should focus on expanding the integration of NOS into STEAM-related
education. The dominance of Physics, Chemistry and Materials Science demonstrates that these fields are well-
positioned to benefit from further research exploring how NOS principles can enhance the understanding of
scientific inquiry and promote reflective learning. Researchers could investigate how interdisciplinary approaches
that merge technical rigor with the reflective and critical aspects of NOS influence student outcomes, particularly
in areas such as problem-solving, innovation and scientific literacy (Phuong et al., 2023). Additionally, the smaller
representation of educational research points to a need for more studies that examine how NOS and STEAM
principles can be embedded into broader educational models to foster holistic learning. This approach could
include exploring the role of teacher training in facilitating the integration of these interdisciplinary frameworks,
as well as the development of curricula that balance both technical skills and reflective inquiry (Jamali et al., 2023;
Xue et al., 2018).

Countries and Affiliations

The findings from the analysis of countries and affiliations contributing to research on the relationship between
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STEAM and NOS provide a clear picture of the global distribution of academic engagement in these fields. This
analysis reveals not only the geographic concentration of research but also the institutional landscapes driving the
development of STEAM and NOS education. The analysis shows that China leads in research output, contributing
67.318% of the total publications. The United States follows with 20.204% and Japan makes up 24.137%,
reflecting strong engagement from East Asia and North America. Other significant contributors include Germany
(6.075%), England (5.771%) and South Korea (4.881%). This geographical distribution highlights the significant
role of East Asian countries, particularly China and Japan, in advancing research on the integration of STEAM
and NOS, a trend that aligns with these countries' broader educational reforms and investments in science and
technology (Maryanti et al., 2022; Phuong et al., 2023; Supriyadi et al., 2023).

The dominance of China in this research space is particularly noteworthy and reflects the country's prioritization
of education, science and technological innovation. China's Ministry of Education has been a driving force behind
its efforts to develop interdisciplinary models such as STEAM, focusing on fostering innovation and
competitiveness in the global economy (Phuong et al., 2023). The notable increase in publications from China
aligns with the country's broader national strategies to enhance its educational and research outputs, particularly
in STEM and interdisciplinary fields (Supriyadi et al., 2023). Similarly, Japan's focus on STEAM education is
grounded in its long-standing commitment to educational excellence in science and technology, as seen through
its leading institutions, such as Kyoto University and the University of Tokyo, which are major contributors to
STEAM and NOS research (Jamali et al., 2023).

When looking at affiliations, the Chinese Academy of Sciences leads with 11.050% of the total publications,
underscoring China's institutional strength in scientific research. Other major contributors include the University
of Tokyo (5.818%) and Kyoto University (3.570%), as well as the University of California system (3.348%) in
the United States and France's CNRS (3.313%). These leading institutions reflect the central role that large,
research-intensive universities and national research agencies play in shaping the academic discourse around
STEAM and NOS (Xue et al., 2018). The strong showing from East Asian institutions further highlights the
importance of regional collaboration and government support in advancing interdisciplinary research in these
fields (Supriyadi et al., 2023; Yanuarti & Suprapto, 2021).

In comparison, the contributions from countries such as Germany, England and South Korea, while smaller, reflect
a broader, global commitment to advancing interdisciplinary education models combining scientific and creative
fields. Germany, for instance, has led educational innovation, particularly through initiatives that align with global
sustainability goals, such as climate action and clean energy, which are key areas in STEAM research (Maryanti
et al., 2022). The United States, with institutions such as the University of California and its vast network of
research universities, continues to play a significant role in both STEAM and NOS research, contributing to
advancements in educational practices and the promotion of scientific literacy (Phuong et al., 2023; Xue et al.,
2018).

The geographical and institutional landscape of STEAM and NOS research highlights several key outcomes. First,

the strong contribution from East Asia, particularly China and Japan, points to the region's leadership in advancing
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interdisciplinary education models. This regional dominance reflects the investments by these countries in
education and research, positioning them as global leaders in STEAM and NOS (Jamali et al., 2023; Supriyadi et
al., 2023). The notable presence of institutions such as the Chinese Academy of Sciences and Kyoto University
suggests that they are central to advancing educational innovation through interdisciplinary frameworks. In
contrast, contributions from countries such as Germany, England and South Korea, though smaller, emphasize
the global nature of research in these fields and the widespread interest in improving educational practices through
STEAM and NOS integration (Maryanti et al., 2022).

Sustainable Development Goals

Findings from the analysis of SDGs addressed in the research on STEAM education and NOS provide insights
into how interdisciplinary education models are contributing to global sustainability efforts. The alignment of
research with specific SDGs highlights the broader societal relevance of STEAM and NOS, linking educational

practices with real-world challenges such as health, clean energy and climate action.

The analysis reveals that Goal 3 (Good Health and Well-Being) is the most frequently addressed SDG, with
43.029% of publications contributing to this goal. This significant focus on health-related topics underscores the
importance of interdisciplinary approaches in addressing global health challenges. STEAM education, by
integrating creativity and scientific inquiry, offers a comprehensive framework for developing innovative
solutions to health problems, particularly in fields such as biotechnology, medical engineering and public health
(Phuong et al., 2023; Supriyadi et al., 2023). Research related to Goal 3 often focuses on applying science and
technology to healthcare, aiming to improve well-being through innovative medical solutions and the promotion
of health literacy, which aligns with NOS principles of critical thinking and informed decision-making (Xue et
al., 2018).

Goal 7 (Affordable and Clean Energy, 10.231%) and Goal 13 (Climate Action, 7.117%) also feature prominently,
reflecting the growing intersection between education, sustainability and environmental challenges. STEAM
education's emphasis on innovation and problem-solving is particularly relevant in these areas, in which
interdisciplinary collaboration is crucial for developing sustainable energy solutions and addressing climate
change. The integration of NOS principles further enhances this approach by encouraging students to assess
scientific data critically, explore the environmental impacts of technology and engage with ethical considerations
in the pursuit of sustainability (Maryanti et al., 2022; Yanuarti & Suprapto, 2021). These findings align with
previous research that has shown how STEAM education, combined with NOS, can foster a deeper understanding

of environmental issues and encourage sustainable practices (Jamali et al., 2023).

Interestingly, Goal 4 (Quality Education), which is directly related to the educational aims of STEAM and NOS,
accounts for only 2.095% of the research output. While this may seem counterintuitive given the educational
nature of the research, it suggests that much of the work in STEAM and NOS is being applied to other sectors,
such as health and environmental sustainability, rather than being focused solely on education itself. However,

this situation also points to the increasing integration of education into broader societal and global challenges,
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such that educational frameworks are seen as tools for addressing issues beyond the classroom (Phuong et al.,
2023). The relatively low percentage for Goal 4 could also indicate that researchers are increasingly focusing on
applying STEAM and NOS concepts to tackle real-world problems, rather than concentrating on educational

theory alone.

The alignment of STEAM and NOS research with specific SDGs highlights the interdisciplinary potential of these
educational models to contribute to global sustainability efforts. The strong focus on Goal 3 (Good Health and
Well-Being) underscores the role of interdisciplinary education in addressing global health challenges, offering
pathways for developing innovative medical and healthcare solutions. The prominence of Goal 7 (Affordable and
Clean Energy) and Goal 13 (Climate Action) further emphasizes the relevance of STEAM and NOS in fostering
sustainability through developing clean energy technologies and addressing climate change. Meanwhile, the
smaller but significant focus on Goal 4 (Quality Education) reflects the broader application of educational
frameworks in addressing societal challenges, positioning STEAM and NOS as key drivers of innovation and

sustainability across multiple sectors (Maryanti et al., 2022; Supriyadi et al., 2023).

Summary of Discussion

The analysis of the four key research questions reveals several significant scientific outcomes regarding the
relationship between STEAM education and NOS. First, the sharp rise in publication rates, particularly after 2020,
reflects a growing global recognition of the importance of interdisciplinary education frameworks. This increase
highlights the integration of creativity and scientific literacy as essential components of modern education
systems, reinforcing STEAM and NOS as key educational models for fostering critical thinking and problem-
solving skills (Supriyadi et al., 2023; Xue et al., 2018).

Second, the concentration of research in technical fields such as Physics, Materials Science and Chemistry
underscores the central role that STEM disciplines play in driving interdisciplinary approaches. These fields, while
traditionally focused on technical expertise, are increasingly incorporating NOS principles to enhance students'
understanding of scientific inquiry and promote reflective learning. This trend reflects the growing
acknowledgment of the value of combining technical skills with broader reflective insights to create more holistic
educational practices (Jamali et al., 2023; Phuong et al., 2023).

Third, the geographical and institutional landscape of research points to East Asia's leadership, particularly China
and Japan, in advancing STEAM and NOS education. Institutions such as the Chinese Academy of Sciences and
Kyoto University are at the forefront of educational innovation, highlighting the global influence of these regions

in shaping interdisciplinary educational models (Phuong et al., 2023; Yanuarti & Suprapto, 2021).

Finally, the alignment of STEAM and NOS research with the SDGs demonstrates the broader societal relevance
of these educational frameworks. The focus on Goal 3 (Good Health and Well-Being), Goal 7 (Affordable and
Clean Energy) and Goal 13 (Climate Action) illustrates how STEAM and NOS contribute to addressing global

challenges, emphasizing their role as tools for fostering sustainability and innovation across multiple sectors
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(Maryanti et al., 2022; Supriyadi et al., 2023).

Conclusion

This study expands on previous findings by offering a detailed exploration of how STEAM and NOS research
trends have developed globally, emphasizing the relationship between educational innovation and broader societal

goals.

First, significant growth in publication rates reflects a global emphasis on interdisciplinary education. The sharp
rise in STEAM and NOS publications, particularly post-2020, reflects a growing global recognition of the value
of interdisciplinary educational frameworks. This trend suggests that educational systems and researchers are
increasingly prioritizing the integration of creativity and scientific literacy to prepare students for complex, real-
world challenges. The increase in research output is consistent with previous studies by Supriyadi et al. (2023)
and Phuong et al. (2023). This surge in research reflects broader educational reforms and global initiatives aimed
at fostering innovation and problem-solving skills through interdisciplinary approaches. The peak in publication
rates during 2022 highlights how STEAM and NOS have become central to discussions about educational
innovation. The growing body of research suggests that integrating creativity with scientific inquiry not only is
gaining traction within academia but is also seen as critical for educational policymakers seeking to enhance
learning outcomes. This reflects a shift toward educational models that prioritize holistic development, combining
technical proficiency with creativity and critical thinking. Such models are essential for fostering a generation of

learners equipped to navigate the demands of modern society.

Second, the dominance of technical and scientific fields highlights the importance of STEAM in interdisciplinary
research. The majority of publications on STEAM and NOS come from technical and scientific disciplines, with
Physics (18.179%), Materials Science (17.418%) and Chemistry (15.744%) leading the research output. This
dominance underscores the central role of STEM fields in driving interdisciplinary approaches to education. While
traditionally focused on technical expertise, these fields are increasingly incorporating NOS principles to enhance
students' understanding of the processes behind scientific inquiry. This convergence of technical fields with NOS
reflects a growing emphasis on the need for critical thinking and reflective learning within scientific education
(Jamali et al., 2023; Xue et al., 2018). These findings align with prior bibliometric studies that emphasize the
importance of integrating creative thinking into scientific and technical fields to foster innovation (Phuong et al.,
2023; Jamali et al., 2023). However, the smaller representation of education-related research (2.013%) still
suggests room for growth in integrating NOS more comprehensively into educational contexts. This highlights a
potential gap in which STEAM and NOS can be further explored to enhance learning outcomes through a more

balanced interdisciplinary approach.

Third, East Asia leads global research contributions in STEAM and NOS. The geographical distribution of
research shows that China leads the global effort in STEAM and NOS research, contributing 67.318% of the total
publications. This significant contribution is followed by the United States (20.204%) and Japan (24.137%). The

dominance of East Asian countries, particularly China and Japan, underscores the region's strong commitment to
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advancing interdisciplinary education models, a trend reflected in the national education strategies and
investments in these countries (Phuong et al., 2023; Supriyadi et al., 2023). China's leading role, with institutions
such as the Chinese Academy of Sciences driving much of the research, reflects the country's broader focus on
fostering innovation and competitiveness through educational reform. Japan, with institutions such as Kyoto
University and the University of Tokyo, also plays a significant role in shaping global research in STEAM and
NOS. In contrast, while contributions from countries such as Germany, England and South Korea are smaller,
they nonetheless highlight the global commitment to interdisciplinary education models that integrate scientific
and creative fields (Jamali et al., 2023; Xue et al., 2018). These findings provide a clear picture of how different
regions are leading the way in research, with East Asia emerging as a dominant player in advancing STEAM and
NOS education. The global spread of research highlights how interdisciplinary education models are being
adopted across various regions, reflecting their increasing relevance in addressing both educational and societal

challenges.

Fourth, the alignment with SDGs demonstrates a broader societal impact. The alignment of STEAM and NOS
research with specific SDGs highlights the broader societal relevance of these educational models. The focus on
Goal 3 (Good Health and Well-Being, 43.029%) underscores the role of interdisciplinary education in addressing
global health challenges. By integrating creativity and scientific inquiry, STEAM education is shown to contribute
to innovative solutions in healthcare, biotechnology and medical engineering (Maryanti et al., 2022; Supriyadi et
al., 2023). Additionally, the significant focus on Goal 7 (Affordable and Clean Energy, 10.231%) and Goal 13
(Climate Action, 7.117%) reflects how STEAM and NOS contribute to global sustainability efforts. These
educational models are positioned as key tools for fostering innovation in areas such as clean energy technology
and environmental sustainability. The integration of NOS principles into these sectors encourages critical
thinking, ethical considerations and the exploration of scientific data to address urgent global issues (Yanuarti &
Suprapto, 2021). Although Goal 4 (Quality Education, 2.095%) represents a smaller portion of the research, this
reflects the broader application of STEAM and NOS beyond the classroom, demonstrating their impact across
multiple sectors, from health to energy and the environment. The alignment with SDGs positions STEAM and
NOS as critical educational frameworks that contribute to both individual learning outcomes and broader societal

challenges (Maryanti et al., 2022).

In short, the four key conclusions can be summarized provide valuable insights into global trends regarding the
relationship between STEAM education and the Nature of Science (NOS) through a bibliometric analysis. First,
the analysis reveals a sharp acceleration in publications rates, especially from 2020 onwards, with 2022 marking
a peak. This trend can be explained with a growing global recognition of interdisciplinary education models that
combine scientific literacy and creativity to address 21st-century challenges (Supriyadi et al., 2023; Jamali et al.,
2022). Second, research contributions are mostly from technical disciplines, such as Physics (18.179%), Materials
Science (17.418%), and Chemistry (15.744%). This dominance shoes the central role of STEM fields in STEAM-
NOS research, where NOS principles are increasingly integrated to enhance understanding of scientific inquiry
and promote reflective learning (Phuong et al., 2023; Xue et al., 2018). Third, China leads in research contributions
(67.318%), followed by the United States and Japan. Institutions such as the Chinese Academy of Sciences, Kyoto

University, and the University of Tokyo are at the forefront, reflecting East Asia’s leadership in advancing
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educational innovation. This global distribution highlights the strong investment in STEAM and NOS research in
regions prioritizing science and technology education (Phuong et al., 2023; Yanuarti & Suprapto, 2021). Finally,
there is a strong alignment of STEAM and NOS research with Goal 3: Good Health and Well-Being (43.029%),
followed by Goal 7: Affordable and Clean Energy (10.231%) and Goal 13: Climate Action (7.117%). This
demonstrates the broader societal relevance of STEAM and NOS frameworks in addressing global challenges
such as health, energy sustainability, and climate change (Maryanti et al., 2022; Jamali et al., 2022). The study
provides a comprehensive understanding of global research trends on STEAM education and the Nature of
Science (NOS). It highlights their role in fostering interdisciplinary learning, scientific literacy and creativity. It
can offer valuable insights for researchers and policymakers to align educational practices with global challenges

and sustainability goals.

Recommendations

While this research provides comprehensive insights into the trends and global contributions of STEAM and NOS,
several limitations should be acknowledged. First, the analysis was limited to data from the WoS platform, which,
while robust, may exclude relevant studies indexed in other databases such as Scopus or ERIC. Future research
could expand the dataset to include these additional databases for a more comprehensive view of global research
trends (Donthu et al., 2021; Korkmaz & Toraman, 2024; Muhammad et al., 2024).

Additionally, while the analysis identified key regions and institutions contributing to STEAM and NOS research,
it did not delve into the specific educational outcomes from the integration of these interdisciplinary approaches.
Future studies could focus on empirical investigations into how these models impact student learning, creativity
and problem-solving skills. Further exploration into the underrepresented areas, such as education research in
STEAM and NOS, could also provide valuable insights into how these frameworks can be better integrated into
curricula to foster holistic student development.
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