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ABSTRACT

This study maps the development and thematic structure of a bounded Scopus corpus on STEAM-related
learning processes through bibliometric analysis. Data were retrieved from the Scopus database on March
26, 2026, using a predefined TITLE-ABS-KEY search strategy restricted to English-language journal
articles in the final publication stage. The final corpus consisted of 115 documents published between 2015
and 2026. The analysis combined performance indicators and author-keyword co-occurrence analysis to
examine publication growth, leading countries, affiliations, sources, productive authors, influential
documents, and thematic structures within the retrieved corpus. The results show that publication output
increased substantially after 2020 and reached its highest level in 2025, while the 2026 count remained
provisional, as it reflected a partial publication year. The United States emerged as the leading contributor,
whereas the International University of La Rioja and Universitas Negeri Jakarta were the most productive
affiliations. Computer Applications in Engineering Education was the most productive source. Document-
level citation analysis showed that teacher professional development, educational robotics, challenge-based
learning, computational thinking, project-based learning, and technology-enhanced learning environments
constitute influential foundations of the corpus. Author-keyword co-occurrence analysis identified thematic
concentrations related to multilingual pedagogical practices, teacher knowledge, teacher professional
development, inclusive science education, digital pedagogy, literacy development, and educational equity.
These findings indicate that the retrieved corpus is characterized less by broad STEAM research in general
and more by pedagogical, teacher-capacity, literacy, and learning-process-oriented issues. This study
contributes a transparent bibliometric profile of a bounded Scopus corpus and demonstrates how retrieval
logic influences thematic structures in bibliometric mapping.
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INTRODUCTION
Science, technology, engineering, arts, and mathematics (STEAM) has become an influential
framework for interdisciplinary education because it seeks to connect disciplinary knowledge
with creativity, design, and authentic problem-solving. In recent scholarship, STEAM is no longer
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understood simply as STEM with an added artistic component; rather, it is increasingly positioned
as a pedagogical orientation that supports integrative learning, creative production, and richer
forms of student engagement across educational settings. Recent review studies have further
shown that STEAM can broaden opportunities for meaning-making and creativity, although the
depth and quality of integration still vary substantially across contexts and implementations
(Aguilera & Ortiz-Revilla, 2021; Belbase et al., 2022; Rodrigues-Silva & Alsina, 2023).

Over the last five years, STEAM research has moved beyond conceptual advocacy toward
more implementation-oriented inquiry. Recent studies have linked STEAM to challenge-based
learning, project-based learning, robotics, instructional design, and other technology-rich learning
environments, suggesting that the field is increasingly concerned with how interdisciplinary
learning is enacted in practice rather than whether it should be adopted in principle. This shift also
reflects growing interest in learning designs that combine real-world relevance, collaboration, and
creative problem solving across disciplinary boundaries (Conde et al., 2021; McLure et al., 2022;
Halawa et al., 2024).

Despite this expansion, an important conceptual tension remains unresolved. Recent teacher-
focused research indicates that scholars and practitioners do not always share a stable
understanding of what counts as STEAM, what degree of interdisciplinarity is required, or how
arts integration should be operationalized in classroom practice. Likewise, recent systematic
review evidence from primary education reports generally positive outcomes for students’
attitudes, knowledge, and skills, while also emphasizing continuing uncertainty regarding
implementation and the meaningful place of the arts within interdisciplinary learning designs.
Such ambiguity matters because inconsistent definitions can weaken curricular coherence, limit
comparability across studies, and make claims about the effectiveness of STEAM pedagogy more
difficult to interpret (Boice et al., 2024; Yim et al., 2025).

A second issue concerns the structure of the evidence base itself. Existing syntheses have
clarified several important subdomains of STEAM and integrated STEM education, but many of
these contributions are thematic or pedagogical reviews rather than corpus-level mappings of
publication patterns and conceptual structure. Where bibliometric studies do exist, they generally
profile STEAM education at a broad level, which is valuable for identifying macro trends but
leaves room for more focused analyses of bounded corpora defined by narrower retrieval logics.
Such analyses are especially useful when a study aims to explain how a specific body of literature
develops over time, who its leading contributors are, where it is published, and which themes
dominate its internal structure (Marin-Marin et al., 2021).

Against this background, the present study examines a Scopus-indexed corpus retrieved
through STEAM- and learning-process-related search terms. The study is intended to provide a
transparent bibliometric profile of this bounded literature by addressing three questions: how
publication output has evolved, which countries, affiliations, authors, and sources are most
prominent, and what thematic clusters emerge from keyword co-occurrence patterns. Rather than
claiming to represent the entirety of global STEAM scholarship, this article offers a clearly
delimited mapping of a specific Scopus corpus and uses that mapping to identify current research
emphases and directions for future inquiry.

Previous bibliometric studies have generally mapped STEAM education as a broad research
domain and have highlighted themes such as interdisciplinary integration, creativity, engineering
design, robotics, and innovation-oriented learning environments (Leavy et al., 2023; Perignat &
Katz-Buonincontro, 2019; White & Delaney, 2021). However, relatively little attention has been
given to literature retrieved through learning-process-oriented search strategies. Consequently, it
remains unclear whether the conceptual structure of learning-process-related STEAM research
resembles the broader STEAM landscape or reveals distinct thematic priorities. Addressing this
gap is important because learning processes constitute the pedagogical core through which
interdisciplinary STEAM principles are enacted in educational practice.

Against this background, the present study examines a bounded Scopus corpus retrieved using
predefined STEAM- and learning-process-related search terms. Rather than claiming to represent
the entire body of STEAM scholarship, this article offers a transparent bibliometric profile of a
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clearly delimited dataset. The study addresses three questions: how publication output has
evolved, which countries, affiliations, sources, authors, and documents are most prominent, and
what thematic structures emerge from author-keyword co-occurrence analysis. By doing so, the
study contributes not only to understanding STEAM-related learning-process literature but also
to methodological discussions on how search strategy and corpus delimitation shape bibliometric
findings.

METHODS

Research design

This study employed a descriptive bibliometric design to map the development, productivity, and
conceptual structure of research on STEAM-related learning processes. Bibliometric analysis was
selected because it enables a systematic and reproducible examination of publication trends,
influential contributors, source distribution, and thematic relationships within a bounded body of
literature. In line with established bibliometric practice, the study combined performance analysis
and science mapping to capture both the productivity profile and the intellectual structure of the
retrieved corpus (Donthu et al., 2021; Zupic & Cater, 2015).

Data source and search strategy

The data were retrieved from the Scopus database on March 26, 2026. Scopus was selected
because it provides structured bibliographic metadata suitable for bibliometric analysis, including
information on authors, titles, publication years, sources, affiliations, citations, author keywords,
index keywords, and document identifiers. The search was conducted in the TITLE-ABS-KEY
field using the following query: TITLE-ABS-KEY (“Science Technology Engineering Art AND
Mathematics””) AND TITLE-ABS-KEY (“learning process”).

To ensure corpus consistency, the search was restricted to journal articles, English-language
documents, and the final publication stage. These filters were applied to obtain a focused and
relatively homogeneous dataset for bibliometric examination. Based on this retrieval strategy, the
final corpus consisted of 115 documents published between 2015 and 2026.

Corpus Construction and Retrieval Workflow

To enhance transparency and reproducibility, the corpus was constructed using a predefined
Scopus retrieval strategy based on STEAM- and learning-process-related search terms. The
retrieval workflow consisted of executing the Scopus query, applying database filters for
document type, language, and publication stage, exporting the dataset, and retaining the final
corpus.

No manual title—abstract relevance screening was conducted after retrieval. Instead, all records
meeting the predefined database retrieval criteria were retained for analysis. This approach was
adopted to maximize reproducibility, allowing future researchers to regenerate the corpus directly
from the reported search query and database filters.

The final dataset consisted of 115 documents published between 2015 and 2026. Because this
study aims to map a bounded Scopus corpus rather than construct a manually curated
representation of the field, the retrieved records were analyzed as a complete dataset.

The workflow in Figure 1 represents database-based retrieval and filtering rather than manual
relevance screening. Therefore, the final corpus should be interpreted as a bounded Scopus dataset
generated through the reported query and filters.

Data extraction, screening, and normalization
The records were exported in CSV format and were complemented by Scopus Analyze outputs
for year, source, author, affiliation, and country. Before analysis, the dataset was screened for
duplicate entries using article titles and DOI information. No duplicate records were retained in
the final corpus.

To improve analytical consistency, several normalization procedures were applied. Author
names were standardized using Scopus author identifiers where available in order to reduce
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fragmentation caused by name variants, initials, and indexing inconsistencies. Institutional names
and country labels were aligned with the Scopus Analyze outputs to preserve database-level
normalization. For thematic mapping, keywords were transformed to lowercase and minor lexical
variants were harmonized to reduce artificial separation between semantically similar terms.
These steps were intended to improve the validity and reproducibility of the bibliometric results
(Donthu et al., 2021).

Q Scopus query executed

| = Document type filter
"‘0 (Article)

3

Language filter
|EN | (English)

Publication stage filter

gfi”o (Final)
d
I Jl | Dataset export
a»
= 115 documents

Figure 1 Retrieval workflow for constructing the bounded Scopus

Bibliometric analysis procedure

The bibliometric analysis consisted of two complementary components: performance analysis and
science mapping. Performance analysis was used to identify annual publication growth, leading
countries, productive affiliations, publication sources, productive authors, influential authors, and
highly cited documents. Science mapping was conducted to examine the conceptual structure of
the retrieved corpus through author-keyword co-occurrence analysis.

A full-counting approach was adopted in the analysis of authors, affiliations, and countries.
Under this approach, each author, institution, or country represented in a publication received one
full credit regardless of the number of co-authors or affiliations involved. Full counting was
selected because it provides an intuitive overview of participation within the retrieved corpus.
However, this method may overestimate contributions in multi-authored or multi-affiliated
publications. Therefore, the resulting rankings should be interpreted as indicators of participation
rather than precise measures of proportional contribution.

The overall analytical workflow adopted in this study is illustrated in Figure 2. The procedure
consists of study design, data collection, bibliometric analysis, visualization, and interpretation,
ensuring a systematic transition from corpus construction to thematic interpretation.
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Figure 2 Bibliometric analysis workflow adopted in this study

Author-keyword co-occurrence analysis was performed using VOSviewer to identify thematic
clusters and conceptual relationships among keywords. Author keywords were prioritized
because they more directly represent the conceptual framing intended by the authors. The
resulting network consisted of 58 keywords grouped into nine interconnected clusters. The
original VOSviewer network visualization was used to support the interpretation of thematic
structures in the corpus.

To complement the thematic analysis, citation-based indicators were used to identify
influential authors and highly cited documents within the retrieved corpus. The integration of
performance analysis and science mapping enabled the study to capture both the productivity
profile and conceptual structure of the literature.

Although the analysis provides a structured overview of productivity, citation influence, and
thematic configuration, it was limited to performance analysis and keyword co-occurrence
mapping. More advanced techniques, such as co-authorship analysis, co-citation analysis,
bibliographic coupling, thematic evolution, and overlay visualization, may provide additional
insights and are recommended for future research.

Data analysis and presentation
The results were organized into two major components. First, the performance analysis described
the productivity and impact profile of the corpus, including annual publication counts, top authors,
leading countries, affiliations, and sources, as well as citation accumulation. Second, the science-
mapping component examined keyword co-occurrence patterns to identify major thematic
concentrations within the retrieved literature.

The findings were presented through narrative explanation supported by tables and figures.
This combined presentation was intended to strengthen interpretive clarity by linking descriptive
bibliometric indicators with thematic patterns emerging from the co-word network.

Reproducibility and limitations

To strengthen reproducibility, the study reports the database, retrieval date, search field, search
string, document filters, counting method, keyword analysis procedure, and final corpus size.
Such transparency is essential because bibliometric findings are highly sensitive to corpus
construction, database coverage, and search logic.

The findings of this study should be interpreted within the boundaries of the retrieved corpus.
Rather than representing the entirety of STEAM scholarship, the study maps a bounded Scopus
corpus generated through a predefined retrieval strategy. Consequently, the thematic structure
identified through bibliometric analysis reflects the characteristics of the retrieved dataset and is
influenced by corpus construction and retrieval logic.
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Several limitations should be acknowledged. First, the corpus was restricted to English-
language journal articles in the final publication stage. This restriction improves consistency but
may exclude relevant studies published in other languages, conference proceedings, book
chapters, and review articles. Second, no manual relevance screening was conducted after
retrieval, meaning that some records may have been included because they matched the search
terms without focusing primarily on STEAM-related learning processes. Third, the use of full
counting may overestimate contributions in multi-authored or multi-affiliated publications.
Finally, the analysis was limited to performance indicators and author-keyword co-occurrence
mapping. Future studies may address these limitations through broader retrieval strategies,
curated screening procedures, and additional bibliometric techniques such as co-authorship
analysis, co-citation analysis, bibliographic coupling, and thematic evolution analysis.

RESULT AND DISCUSSION

Temporal growth of the field

The annual distribution of publications shows the development of the bounded Scopus corpus on
STEAM-related learning processes from 2015 to 2026 (Figure 3). Publication output remained
relatively limited during the early period. Between 2015 and 2019, the number of documents
fluctuated at a low level, indicating that the retrieved topic had not yet formed a stable publication
stream within the Scopus corpus.

Annual publication trend of STEAM research in science learning
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Figure 3 Annual publication trend of the bounded Scopus corpus on STEAM-related learning
processes (2015-2026)

The pattern in Figure 3 suggests that literature captured through the STEAM- and learning-
process-related retrieval strategy has gained increasing visibility since 2020. However, because
the dataset was constructed using a predefined and bounded Scopus query, the observed growth
should not be interpreted as representing the complete global development of STEAM research.
Rather, it reflects the growth of documents retrieved through the specific search logic used in this
study.

This distinction is important because bibliometric trends are strongly influenced by database
coverage, search terms, document filters, and corpus construction decisions. Therefore, the
publication trend shown in Figure 3 should be read as evidence of growth within the retrieved
corpus, not as a comprehensive measure of the entire STEAM education research landscape.

In general, publications on STEAM learning have shown an increasing trend from year to year.
This tendency can be explained by the fact that STEAM is no longer regarded merely as a
variation of STEM, but rather as an interdisciplinary learning approach that integrates science,
technology, engineering, arts, and mathematics to foster students’ creativity, critical thinking,
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problem-solving skills, collaboration, and innovation. In the context of modern education, the
integration of the arts into STEM provides opportunities for students not only to understand
scientific concepts cognitively, but also to express ideas, design solutions, and connect knowledge
with real-life contexts.

Empirical support for the increasing number of STEAM publications is strongly reflected in
international bibliometric studies. Marin-Marin et al. (2021) analyzed 1,116 manuscripts from the
Web of Science database and found that studies on STEAM in education began to emerge in 2006
and continued to appear consistently throughout the period covered in their study.

Recent findings further strengthen the argument that publications on STEAM learning have
experienced growth. Nurazmi et al. (2025), through a bibliometric analysis, reported a substantial
increase in scientific output, particularly during the period from 2019 to 2024.

A similar trend was reported by Pal et al. (2026), who stated that annual publications on
STEAM have shown a consistent increase. This indicates that STEAM has increasingly been
accepted as a global research agenda, not only within the domain of curriculum theory, but also
in relation to collaborative learning, teacher readiness, technology integration, creativity,
sustainability, and pedagogical innovation.

Institutional, national, and source-level structure
The retrieved corpus exhibits an international but uneven distribution of contributions. At the
affiliation level, the most productive institutions were International University of La Rioja and
Universitas Negeri Jakarta, each contributing four documents, followed by Johannes Kepler
University Linz with three documents. Other leading affiliations contributed two documents each.
This pattern indicates that publication activity within the bounded Scopus corpus is relatively
dispersed and not dominated by a single institutional center. The top affiliates by number of
documents are listed in Table 1.
Table 1 Top affiliations by number of documents
Affiliation Documents

International University of La Rioja 4

Universitas Negeri Jakarta

Johannes Kepler University Linz

University of Pennsylvania

Universidad Cardenal Herrera-CEU

Universidad Santo Tomas, Santiago

Queen’s University

Universidad de La Serena

University of Toronto

Universidad Rey Juan Carlos

[NSRN NS R NS B NS 'S B N 'S RRUS I -N

STEAM learning in studies involving researchers from the International University of La
Rioja, also known as Universidad Internacional de La Rioja (UNIR), demonstrates a strong
tendency toward the enhancement of digital literacy, computational thinking, and data-driven
evaluation. Duo-Terron (2023) positions Scratch as a visual programming environment that is
relevant for developing computational thinking while simultaneously connecting learning with
STEM/STEAM fields. In line with this perspective, Medina-Zuta et al. (2023) emphasize that
learning analytics, adaptive feedback, and artificial intelligence support can strengthen formative
assessment in STEAM education.

Meanwhile, research from Universitas Negeri Jakarta (UNJ) reflects a more applied
orientation through the implementation and testing of STEAM models within school learning
contexts. Sigit et al. (2022) demonstrate that the integration of project-based e-learning with
STEAM can improve students’ mastery of ecological concepts through independent practicum
activities and the creation of biogeochemical cycle animations. In the field of chemistry, Ananda
et al. (2023) integrated Design Thinking with STEAM-PjBL to develop students’ critical thinking
skills, particularly through the stages of empathize, define, ideate, prototype, and test, which are
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directed toward solving contextual problems. The study by Adriyawati et al. (2020) further
reinforces these findings by showing that STEAM-PjBL on the topic of alternative energy can
enhance elementary school students’ scientific literacy through project-based activities that
connect science, technology, engineering, arts, and mathematics.

Based on these two research tendencies, STEAM learning can be understood as an integrative
approach that not only combines multiple disciplines but also builds a learning ecosystem
grounded in projects, design, digital technology, formative assessment, and real-world problem
solving.

At the country level, the United States appeared as the leading contributor with 21 documents,
followed by Spain with 16 documents, Indonesia with 11 documents, and China with 10
documents (see Table 2). Australia and Malaysia also showed visible participation, while Turkey,
Chile, Mexico, and Thailand formed a second tier of contributing countries. These findings
suggest that the corpus has a broad international distribution, although research visibility remains
concentrated in a limited number of national contexts.

Table 2 Top countries by number of documents
Country Documents

United States 21
Spain 16
Indonesia 11
China 10
Australia 8
Malaysia 7
Turkey 5
Chile 4
Mexico 4
Thailand 4

These country and affiliation rankings should be interpreted as indicators of participation
within the retrieved corpus rather than precise measures of proportional contribution. This is
because the study used a full-counting approach, in which each country or institution represented
in a publication receives one full credit. Consequently, contributions from multi-authored or
multi-affiliated publications may be overestimated.

The dominance of the United States can be understood in light of its research ecosystem, which
is supported by relatively well-established universities, schools, journals, and collaborative
networks in the development of STEM toward STEAM. Researchers affiliated with institutions
in the United States have not only produced a high number of publications but have also shaped
the conceptual direction and instructional practices of STEAM education. For example, Quigley
and Herro (2016) provided implementation-based evidence of STEAM practices in middle school
science and mathematics classrooms, while Perignat and Katz-Buonincontro (2019) demonstrated
that STEAM is largely oriented toward fostering students’ creativity, problem-solving skills, and
interest in STEM fields. Thus, the strong contribution of researchers from the United States does
not merely indicate quantitative dominance; it also reflects their substantive role in formulating
pedagogical frameworks, implementation strategies, and the global STEAM research agenda.

The source-level distribution further clarifies the publication profile of the corpus. Computer
Applications in Engineering Education was the most productive source, contributing five
documents. Education Sciences, Eurasia Journal of Mathematics, Science and Technology
Education, Journal of Technology and Science Education, and Sustainability each contributed
four documents. The presence of these sources indicates that the retrieved corpus is positioned at
the intersection of educational innovation, science education, engineering education, technology-
enhanced learning, and interdisciplinary pedagogy. The top sources by number of documents are
listed in Table 3.
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Table 3 Top sources by number of documents
Source Documents
Computer Applications in Engineering Education
Education Sciences
Eurasia Journal of Mathematics Science and Technology Education
Journal of Technology and Science Education
Sustainability Switzerland
Discover Education
Asia Pacific Science Education
Frontiers in Education
Frontiers in Psychology
IEEE Transactions on Education

NN N WA BRRAPBROG

This interpretation is consistent with Perignat and Katz-Buonincontro (2019), who emphasized
that STEAM is widely used to foster creativity, problem-solving skills, and students’ interest in
STEM fields through the integration of the arts, science, technology, engineering, and
mathematics. Furthermore, Quigley et al. (2017) conceptualized STEAM as a transdisciplinary
practice grounded in disciplinary integration, problem-based learning, and the development of
problem-solving abilities. Similarly, Herro et al. (2018) demonstrated the importance of
technology integration in STEAM units as an essential component of meaningful instructional
design.

Overall, the institutional, national, and source-level patterns show that the bounded corpus is
internationally distributed but structurally uneven. The relatively low institutional concentration
suggests that STEAM-related learning-process literature captured by the search strategy is
produced across multiple research settings rather than by a small number of dominant institutions.
At the same time, the prominence of applied education and technology-oriented journals indicates
that the corpus is closely related to pedagogical implementation, instructional innovation, and
learning design.

However, these patterns should not be generalized to the entire STEAM research landscape.
They reflect the structure of the bounded Scopus corpus generated through the specific retrieval
strategy and database filters used in this study.

Author productivity, citation influence, and Highly Cited Documents
The author-level results reveal a clear distinction between publication productivity and citation
influence within the bounded Scopus corpus. In terms of accumulated citation counts, Danielle
Herro and Cassie Quigley were the most influential authors, each receiving 186 citations (see
Table 4). They were followed by Natalia Reich-Stiebert and Friederike Eyssel, with 125 citations
each. Other influential authors included Conde, Rodriguez-Sedano, Fernandez-Llamas,
Gongalves, Lima, and Garcia-Penalvo, each accumulating 118 citations.

Table 4 Top authors by accumulated citations

Author Citations
Herro, Danielle 186
Quigley, Cassie 186
Reich-Stiebert, Natalia 125
Eyssel, Friederike 125
Conde, Miguel A. 118
Rodriguez-Sedano, Francisco J. 118
Fernandez-Llamas, Camino 118
Gongalves, José 118
Lima, José 118

Garcia-Pefialvo, FranciscoJ. 118
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By contrast, the productivity profile was less concentrated. Lavicza, Zsolt was the only author
with three documents, whereas several authors contributed two documents each. This indicates
that the corpus is shaped by a small number of highly cited contributors but does not show strong
dominance by a single author or author group in terms of publication volume. The top authors by
number of documents are listed in Table 5.

Table 5 Top authors by number of documents

Author Documents

Lavicza, Zsolt 3
Videla, Ronnie 2
Aguayo, Claudio 2
Rahmawati, Yuli 2
DeLuca, Christopher 2
Dubek, Michelle 2
Rickey, Nathan 2
Montés, Nicolas 2
Barquero, Sara 2
Orcos, Lara 2

To complement author-level citation indicators: the most cited documents within the retrieved
corpus were also examined. This additional analysis was conducted because author-level citation
counts may be disproportionately influenced by a single highly cited publication. Document-level
citation analysis therefore provides a more direct representation of the intellectual foundations
shaping the corpus. The most cited documents in the retrieved corpus are listed in Table 6.

Table 6 Most cited documents in the retrieved corpus

No Document Year Source Citations

Exploring Teachers' Perceptions of STEAM Professional Development in

1 Teaching Through Professional Development: 2017 . 186
.S Education
Implications for Teacher Educators
Learning with Educational Companion Robots?
) Toward Attitudes on Education Robots, 2015 International Journal of Social 125
Predictors of Attitudes, and Application Potentials Robotics
for Education Robots
Fostering STEAM Through Challenge-Based Computer Applications in
3 Learning, Robotics, and Physical Devices: A 2021 En iﬁ cerin I])Epducation 118
Systematic Mapping Literature Review & &
. International Journal of
4 At. th? .Dawn RIS DR Bl A (s 2022 Mathematical Education in 117
Priorities, Processes, and Problems .
Science and Technology
Educational Robotics in the Stage of Secondary
5 Education: Empirical Study on Motivation and 2019 Education Sciences 99
STEM Skills
Enhancing 21st Century Skills with AR: Using Eurasia Journal of
6 the Gradual Immersion Method to Develop 2017 Mathematics, Science and 82
Collaborative Creativity Technology Education
Computational Thinking Development Through L
7 Physical Computing Activities in STEAM 2021 Computer Applicationsin g
. Engineering Education
Education
Project-Based Learning Oriented STEAM: The By Journal.of
8 : 2022 Technology and Design 73

Case of Micro-bit Paper-Cutting Lamp Education

Gawi: Journal of Action Research, 6(1), 2026, 63-79 | 72



Qamariah et al., 2026

No Document Year Source Citations
9 Project Based Learning Pedagogical Design in 2020 Asian Journal of University 64
STEAM Art Education Education
Out-of-the-Box Learning: Digital Escape Rooms
10 as a Metaphor for Breaking Down Barriers in 2023 Sustainability 51
STEM Education

The most cited documents indicate that teacher professional development, educational
robotics, challenge-based learning, computational thinking, project-based learning, augmented
reality, and technology-enhanced learning environments constitute important intellectual
foundations of the retrieved corpus. These highly cited works show that the corpus is shaped not
only by conceptual discussions of STEAM but also by applied pedagogical and technology-
supported learning interventions.

Based on these data, the most cited documents indicate that the research corpus is shaped not
only by conceptual discourse on STEAM, but also by applied pedagogical foundations that
emphasize teacher readiness, active learning design, and the use of technology as a medium for
exploration. The dominance of teacher professional development as a theme suggests that the
effectiveness of STEAM largely depends on teachers’ capacity to translate the integration of
science, technology, engineering, arts, and mathematics into transdisciplinary classroom
practices. This is consistent with Herro and Quigley (2017) and Quigley et al. (2017), who
emphasize the importance of professional development and conceptual models of STEAM in
enabling teachers to design problem-based, collaborative, and contextual learning. Meanwhile,
the emergence of educational robotics and computational thinking reflects a shift in the corpus
toward learning that goes beyond conceptual understanding to foster algorithmic thinking,
problem solving, design, and artifact construction through hands-on experiences (Benitti, 2012;
Lye & Koh, 2014). Challenge-based learning and project-based learning further reinforce this
orientation, as both position students as authentic problem solvers through investigation, group
work, reflection, and the production of solutions relevant to real-life contexts (Gallagher &
Savage, 2023; Kokotsaki et al., 2016). In addition, augmented reality and technology-enhanced
learning environments indicate that the STEAM corpus is also influenced by the need to provide
stronger visualization, interactivity, simulation, and learning flexibility, particularly when
abstract or complex concepts must be connected to students’ concrete experiences (Akcayir &
Akgayir, 2017; Schmid et al., 2014). Thus, this citation pattern confirms that the intellectual
foundation of the corpus lies at the intersection of strengthening teachers’ pedagogical
competence, active learning through project- and challenge-based approaches, computational
thinking, and educational technology innovation. In other words, the STEAM literature retrieved
through the search strategy tends to move toward learning implementation, intervention design,
and the use of technology to produce learning experiences that are creative, collaborative, and
oriented toward problem solving.

Thematic configuration of the corpus

To examine the conceptual structure of the retrieved corpus, an author-keyword co-occurrence
analysis was conducted using VOSviewer. Unlike the previous visualization, which provided a
general representation of keyword relationships, the revised analysis employed the original
VOSviewer network to improve transparency and support the interpretation of thematic clusters.
The resulting network consisted of 58 keywords grouped into nine interconnected clusters (Figure
4).
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Figure 4 Author keyword co-occurrence network of the retrieved corpus generated using
VOSviewer

The network structure in Figure 4 indicates that the retrieved corpus is strongly centered on
teacher knowledge, professional development, translanguaging, teacher education, language
learning, science education, mathematics, digital literacy, and pedagogical content knowledge.
These keywords occupy central positions within the network and exhibit extensive connections
with surrounding concepts, suggesting that pedagogy, teacher capacity development, literacy, and
inclusive learning practices constitute the intellectual core of the corpus.

To facilitate interpretation, the identified clusters are summarized in Table 7.
Table 7 Thematic clusters identified through author keyword co-occurrence analysis

Cluster Representative Keywords Interpretation

Cluster 1 teacher knowledge, translanguaging, bilingual Multilingual pedagogical practices
education, classroom discourse, English learners and teacher knowledge

Cluster 2 professional development, teacher learning, Teacher professional development
multilingual learners, representations and teacher learning

Cluster 3 teacher education, science education, equity, Inclusive science and teacher
diversity, computational thinking education

Cluster 4  mathematics, digital literacy, TPACK, pedagogical Digital pedagogy and instructional
content knowledge, teachers competence

Cluster 5 language learning, multiliteracy, multilingualism, Language learning and literacy
pre-service teachers development

Minor pandemic, pedagogy, literacy practices, science of Emerging and specialized

clusters reading educational themes

The findings regarding these thematic concentrations indicate that the research corpus is not
merely centered on technical issues of instruction, but rather forms a pedagogical landscape that
connects multilingual practices, teacher professional development, educational equity, literacy,
and digital transformation. The first concentration, which focuses on multilingual pedagogical
practices and teacher knowledge, indicates the importance of teachers’ preparedness in
understanding the needs of linguistically diverse learners, as linguistically responsive teaching
requires specific orientations, knowledge, and skills from preservice teacher education through
teachers’ career-long professional development (Lucas & Villegas, 2013). The second
concentration, which focuses on teacher professional development and teacher learning,
demonstrates that changes in teaching practice cannot be understood as the outcome of short-term
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training alone, but rather as a professional learning process shaped by interactions among
teachers, schools, and professional learning activities (Opfer & Pedder, 2011). Such development
is also more effective when it emphasizes content focus, active learning, program coherence,
adequate duration, and teachers’ collective participation (Garet et al., 2001).

Meanwhile, the interconnection among the themes of teacher education, science education,
equity, diversity, and computational thinking suggests that teacher education is increasingly
oriented toward preparing educators who are able to design science learning that is inclusive,
culturally relevant, and adaptive to computational literacy. This is consistent with the notion of
culturally relevant pedagogy, which positions academic success, cultural competence, and critical
consciousness as integral elements of teaching practice (Ladson-Billings, 1995), as well as with
the importance of equipping teachers with computational thinking knowledge so that they can
integrate it into elementary and secondary education (Yadav et al., 2014; Voogt et al., 2015). The
emergence of digital pedagogy and instructional competence further emphasizes that
contemporary teacher competence involves not only mastery of content and pedagogy, but also
the ability to integrate technology meaningfully through the technological pedagogical content
knowledge/TPACK framework (Mishra & Koehler, 2006).

The smaller clusters related to language learning, multiliteracy, literacy practices, the science
of reading, pandemic-related educational challenges, and pedagogical adaptation further show
that the corpus also responds to the expansion of literacy concepts and the dynamics of learning
crises. Multiliteracies emphasize that literacy should be understood within social, cultural, and
multimodal contexts (The New London Group, 1996), whereas the science of reading calls for
literacy practices grounded in scientific evidence (Petscher et al., 2020). At the same time, the
pandemic experience has reinforced the need for pedagogical adaptation, particularly in the
transition to online learning and in the strengthening of flexible learning design (Carrillo & Flores,
2020). Thus, the thematic structure indicates that the mapped literature moves at the intersection
of teacher education, educational equity, science learning, literacy, and digital transformation,
suggesting that the intellectual core of the corpus can be interpreted as an effort to strengthen
teachers’ capacity to teach in ways that are inclusive, evidence-based, and responsive to changing
educational contexts.

Integrated discussion

Across the different indicators, three broader patterns emerge. First, the corpus shows sustained
growth, especially after 2020, indicating that STEAM-related learning process research has
moved beyond an exploratory phase and is now producing a more regular stream of scholarship.
Second, the field is international but structurally uneven. The contribution base spans multiple
countries and institutions, yet output is still concentrated in a limited number of national contexts
and journals. Third, the conceptual structure shows a field that is simultaneously stabilizing and
diversifying: while core terms such as STEAM and STEAM education remain central, the
surrounding literature increasingly engages with project-based pedagogies, immersive
technologies, inclusion, creativity, and artificial intelligence.

The present study does not demonstrate the universal structure of all STEAM scholarship;
rather, it profiles a specific Scopus corpus produced by a bounded search strategy. Nevertheless,
the internal consistency across publication growth, source profile, author structure, and keyword
clustering strengthens the interpretation that the retrieved literature is moving toward more
applied, design-intensive, and pedagogically explicit forms of inquiry. In this sense, the
bibliometric evidence does not simply show that the field is growing; it shows how it is growing,
where it is being published, and which thematic directions are becoming more visible.

These findings also clarify the contribution of the present study relative to prior reviews. The
value of this analysis lies not in claiming exhaustive coverage but in making the internal structure
of a clearly delimited corpus visible and interpretable. By showing the relationship between
productivity, influence, outlet concentration, and thematic clustering, the study provides a more
integrated account of the retrieved literature than would be possible through descriptive reporting
alone. This is precisely where bibliometric analysis becomes most useful for manuscript-level
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scholarship: it does not replace systematic review logic but complements it by identifying
structural tendencies that can guide more focused substantive reviews in the future.

Implications for future research

The findings suggest several directions for future research. First, broader search formulations are
needed to capture studies indexed under acronym variants such as STEAM, STE(A)M, and
integrated STEM/STEAM. Second, future bibliometric work should move beyond performance
indicators and keyword co-occurrence to examine collaboration networks, co-citation structures,
and bibliographic coupling, which would provide a stronger account of how intellectual
communities and research fronts are formed. Third, comparative analyses across databases would
help determine whether the patterns observed here are robust across indexing systems or partly
shaped by database-specific coverage. Finally, a more focused substantive review of the dominant
thematic clusters identified here would help clarify how learning processes are conceptualized
and assessed across different STEAM implementations.

CONCLUSION
This study mapped the development and thematic structure of a bounded Scopus corpus on
STEAM-related learning processes published between 2015 and 2026. Using bibliometric
analysis, the study examined publication growth, country and institutional contributions,
publication sources, author productivity, citation influence, highly cited documents, and thematic
structures derived from author-keyword co-occurrence analysis.

The findings revealed a noticeable increase in publication output after 2020, indicating
growing scholarly interest in literature associated with STEAM-related learning processes. The
United States emerged as the leading contributing country, while International University of La
Rioja and Universitas Negeri Jakarta were the most productive affiliations. At the source level,
Computer Applications in Engineering Education contributed the largest number of publications
within the retrieved corpus.

Citation analysis demonstrated that teacher professional development, educational robotics,
challenge-based learning, computational thinking, project-based learning, and technology-
enhanced learning environments constitute important intellectual foundations of the corpus.
Meanwhile, author-keyword co-occurrence analysis revealed thematic concentrations related to
teacher knowledge, multilingual pedagogies, professional development, teacher education,
literacy development, digital pedagogy, educational equity, and science education.

A notable finding is that the thematic structure identified in this study differs from broader
STEAM bibliometric mappings that frequently emphasize engineering design, robotics,
creativity, maker education, and interdisciplinary integration. Instead, the retrieved corpus is
characterized more strongly by pedagogical concerns, teacher capacity development, multilingual
learning, literacy, and instructional competence. These results suggest that learning-process-
oriented retrieval strategies may reveal conceptual structures that differ substantially from those
reported in broader STEAM education studies.

The findings should be interpreted within the boundaries of the retrieved corpus. Rather than
representing the entirety of STEAM scholarship, the present study maps a specific body of
literature generated through a predefined Scopus search strategy and database filters.
Consequently, the identified publication trends, citation patterns, and thematic structures reflect
the characteristics of the retrieved corpus and are influenced by retrieval logic, corpus
delimitation, and database coverage.

This study also highlights the importance of methodological transparency in bibliometric
research. The results demonstrate that corpus construction decisions can substantially shape the
intellectual landscape revealed through bibliometric mapping. Therefore, future studies are
encouraged to compare alternative retrieval strategies, incorporate broader document sources, and
employ additional bibliometric techniques such as co-authorship analysis, co-citation analysis,
bibliographic coupling, and thematic evolution analysis to obtain a more comprehensive
understanding of STEAM-related learning-process research.
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Overall, this study contributes a transparent bibliometric profile of a bounded Scopus corpus
on STEAM-related learning processes while providing methodological insights into how retrieval
logic influences the interpretation of bibliometric findings.
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