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Abstract: This study examines the convergence of entrepreneurship and science, technology,
engineering, and mathematics (STEM) education, addressing the growing need to equip learners with
technical expertise and entrepreneurial competencies for innovation-driven economies. Specifically,
it aims to map the intellectual structure, research trends, and emerging themes that shape this
interdisciplinary field. A bibliometric research design was employed using 174 peer-reviewed journal
articles retrieved from the Scopus database (2002-2024). The analysis integrated performance
analysis and science mapping techniques, including bibliographic coupling and co-word analysis, to
identify conceptual relationships and future research directions. VOSviewer and Biblioshiny were
utilized for data visualization and network mapping. Results reveal a steady growth in publications
and citations since 2015, reflecting increasing scholarly interest in integrating entrepreneurial
learning with STEM education. Four thematic clusters were identified, highlighting socio-technical
and sustainability-oriented foundations, experiential curriculum integration, teacher- and
competency-centered E-STEM models, and institutional mechanisms that shape entrepreneurial
readiness in STEM education. Co-word analysis further emphasized engineering education,
innovation, and entrepreneurship education as central research nodes, with emerging directions
involving artificial intelligence (Al), sustainability, and digital transformation. The study highlights
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the importance of education systems incorporating experiential, interdisciplinary, and
technology-driven pedagogies to foster entrepreneurial mindsets and sustainable innovation among
STEM learners. Overall, this research contributes by offering a methodologically integrated
bibliometric mapping of the convergence between entrepreneurship and STEM education, utilizing a
22-year dataset, multi-technique clustering, and an explicit query design.

Keywords: entrepreneurship education, STEM education, innovation, bibliometric analysis,
interdisciplinarity, experiential learning, sustainability, quality education

1. Introduction

The global education landscape is undergoing a profound transformation as societies confront
rapid technological advancement, economic uncertainty, and pressing sustainability imperatives. In
response, the integration of entrepreneurship and science, technology, engineering, and mathematics
(STEM) education has emerged as a strategic approach for preparing learners for innovation-driven
economies and evolving workforce demands [1,2]. Entrepreneurship education is commonly
understood as a structured pedagogical process that develops learners’ capacities to recognize
opportunities, create value, and engage in innovation-oriented problem-solving across diverse
contexts [3]. STEM education, by contrast, has traditionally emphasized disciplinary rigor and
technical proficiency [4]. Despite their shared focus on creativity, problem-solving, and innovation,
the convergence of these two domains remains underexplored, fragmented, and inconsistently
implemented across educational systems [5,6]. Addressing this gap, this study contributes to the
growing line of inquiry by offering a multi-dimensional, metadata-driven mapping of how
entrepreneurial constructs have been integrated into STEM education over the past two decades.

Previous studies, including systematic reviews of entrepreneurship-oriented pedagogies,
innovation skills, and STEM learning, have generated valuable insights into specific subdomains
[7-9]. However, these studies typically examine entrepreneurship and STEM education in parallel
rather than providing an integrated mapping of their intellectual and conceptual connections. The
present study extends this scholarship by employing a combined bibliometric approach, integrating
performance analysis, bibliographic coupling, and co-word analysis to capture both the structural
foundations and conceptual evolution of this interdisciplinary field.

Several issues drive the urgency of this integration. While technically rigorous, traditional STEM
programs often fail to equip students with an entrepreneurial mindset (defined as the cognitive
orientations and behavioral dispositions associated with opportunity recognition, creativity, risk
tolerance, resilience, and value creation) and capabilities that are necessary for real-world innovation
and enterprise development [10,11]. Entrepreneurial learning refers to the experiential, iterative, and
reflective processes through which learners develop entrepreneurial competencies by engaging in
authentic problem-solving, prototyping, experimentation, and design-based inquiry [12]. Conversely,
entrepreneurship education often lacks the scientific and technological foundation that STEM
programs provide [13,14]. As a result, graduates may possess technical proficiency without
entrepreneurial adaptability or entrepreneurial ambition without sufficient technological depth,
limiting their capacity to drive societal transformation [15,16]. This misalignment between theory
and application highlights the need for educational paradigms that blend entrepreneurial thinking
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with STEM learning environments [17,18].

Beyond curricular design, the problems surrounding this convergence are also rooted in structural
and pedagogical limitations. Many institutions struggle to redesign curricula that balance disciplinary
rigor with experiential and innovation-oriented learning approaches [19,20]. Faculty readiness,
limited interdisciplinary collaboration, and insufficient policy frameworks hinder the embedding of
entrepreneurship into STEM disciplines [21,22]. Collectively, these challenges reveal systemic
barriers to achieving equitable, sustainable, and innovation-driven education across global contexts.

The literature increasingly highlights the promise of integrating entrepreneurial pedagogies such
as problem-based, project-based, and design-thinking approaches into STEM curricula to promote
creativity and lifelong learning [2,23]. Studies demonstrate that hands-on, collaborative models such
as Fab Labs, makerspaces, and digital learning environments foster students’ abilities to ideate,
prototype, and commercialize solutions [17,24]. More recently, scholarship has linked
entrepreneurship—STEM integration to broader societal objectives, particularly those related to
sustainability, inclusivity, and digital transformation [16,25]. However, despite these advancements, a
knowledge gap remains in mapping how these themes interact, identifying the conceptual directions
that dominate, determining where interdisciplinary collaborations thrive, and understanding how
technological innovation influences this evolving intersection [6,13].

The present study advances the understanding of the convergence between entrepreneurship and
STEM education by applying bibliometric techniques. By analyzing research patterns, co-authorship
networks, and thematic clusters, the study provides an empirical foundation for understanding the
intellectual structure of the field and its future directions [26,27]. It offers a structured foundation for
STEM educators, researchers, and policymakers seeking to understand emerging trends in pedagogy;,
technology, and interdisciplinary approaches.

Accordingly, this study is guided by three primary objectives:

1. Analyze research productivity, impact, and publication patterns on the convergence of
entrepreneurship and STEM education.

2. Explore the main themes that define current research on the convergence of entrepreneurship and
STEM education.

3. Identify emerging topics that can guide future studies on the convergence of entrepreneurship and
STEM education.

Overall, this study contributes to shaping an educational paradigm where entrepreneurship and
STEM coexist as mutually reinforcing pillars of creativity, employability, and socio-economic
progress. By systematically mapping over two decades of scholarship, the study supports
evidence-informed curriculum design, research development, and policy planning within STEM
education systems.

2. Literature review

The convergence of entrepreneurship and STEM education has gained global traction as
education systems aim to prepare students for innovation-driven economies. Recent scholarship
emphasizes that fostering entrepreneurial competencies within STEM disciplines enhances creativity,
adaptability, and design-thinking skills, which are vital for navigating an uncertain technological
future [28,29]. This growing integration represents a paradigm shift away from purely
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content-focused instruction and toward experiential, interdisciplinary, and technology-driven
pedagogies [30,31].

At the pedagogical level, integrating entrepreneurship into STEM education has redefined
traditional learning environments. Studies highlight that project-based, problem-driven, and
experiential learning frameworks enable students to apply theoretical knowledge to real-world
innovation challenges [31,32]. In addition, maker-based and digital environments, such as Fab Labs
and augmented reality learning spaces, foster collaboration, creativity, and applied innovation
[19,33]. Similarly, game-based and design-thinking approaches stimulate entrepreneurial mindsets by
immersing learners in authentic, iterative problem-solving contexts [14,18]. Across these studies, the
convergence of technology and pedagogy is identified as a key mechanism for preparing STEM
learners for entrepreneurship and lifelong innovation [34,35]. Within this context, higher education
institutions play a pivotal role in cultivating entrepreneurial ecosystems that connect academic
research, technological innovation, and enterprise creation. Universities increasingly function as
incubators for entrepreneurship through curriculum redesign, interdisciplinary collaboration, and
technology transfer mechanisms [36,37].

Beyond pedagogical reform, technological innovation further accelerates the convergence of
entrepreneurship and STEM education. Artificial intelligence (Al), 5G, and interactive digital
platforms are reshaping entrepreneurship education by enabling adaptive, data-driven, and immersive
learning environments [24,38]. These tools facilitate authentic, hands-on learning experiences that
mirror industry challenges, thereby enhancing students’ design and decision-making abilities [2,39].
More recently, studies have linked such digital transformations with sustainability-oriented goals,
highlighting how Industry 4.0 technologies empower STEM learners to develop innovative solutions
to societal and environmental challenges [40,41].

Taken together, the literature demonstrates that entrepreneurship and STEM education are no
longer separate domains but interconnected components of a broader educational and
socio-economic agenda. This convergence supports the development of entrepreneurial ecosystems
that integrate pedagogy, technology, and social inclusion, thereby fostering more inclusive, adaptive,
and innovation-oriented learning environments. As the field continues to evolve, research
increasingly calls for cross-sector collaboration, digital transformation, and global citizenship as
guiding principles for 21st-century education. By embedding entrepreneurial thinking within the
STEM curricula, educators are positioning learners not merely to adapt to technological change but
to lead innovation responsibly and sustainably in an interconnected world.

3. Methodology

This study employs a bibliometric research design to systematically explore and quantify the
intellectual, conceptual, and thematic landscape of studies focusing on the convergence of
entrepreneurship and STEM education. Bibliometric analysis was chosen for its ability to provide a
comprehensive, objective, and replicable overview of a research field by examining publication
metadata, including authorship, citations, keywords, and sources. This approach enables the
identification of influential contributions, collaboration patterns, and thematic trends that shape
academic discourse [27,42]. Figure 1 presents the research framework of the study, which is
structured into two main phases: Phase 1, document selection, and Phase 2, bibliometric analysis.
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3.1. Phase 1: Document selection

The first phase of this research framework involved the systematic selection of documents to
construct a reliable and thematically coherent dataset for bibliometric analysis. The objective was to
identify scholarly contributions that represent the evolving intersection of entrepreneurship and
STEM education, ensuring methodological rigor and relevance. The process followed established
bibliometric protocols emphasizing transparency, replicability, and precision [26,27].

Data were retrieved exclusively from the Scopus database on October 2, 2025. Scopus database
was selected as the sole data source due to its broad interdisciplinary coverage, particularly in
education, engineering, and social sciences, which are central to the convergence of entrepreneurship
and STEM education [43]. Compared to more specialized databases, such as ERIC and the more
selective Web of Science Core Collection, Scopus offers broader journal inclusion and more
consistent metadata for large-scale bibliometric mapping [44,45]. The reliance on Scopus and
English-language publications may underrepresent research produced in non-English-speaking
contexts or disseminated through regional outlets [46]. Accordingly, the findings should be
interpreted as reflecting dominant international research patterns rather than an exhaustive
representation of global scholarship.

Additionally, Scopus is compatible with bibliometric visualization tools, such as VOSviewer [47]
and Biblioshiny [26]. The search focused on publications addressing the integration of
entrepreneurial concepts in STEM contexts. To refine the dataset, six selection criteria were
sequentially applied. First, a Boolean query was applied to the TITLE-ABSTRACT-KEYWORDS
fields. The Boolean query provided a structured way to capture publications situated at the
intersection of entrepreneurship and STEM education. However, the authors acknowledge that
keyword-based retrieval introduces inherent subjectivity. Different studies may conceptualize
entrepreneurship and STEM education using alternative terminologies not fully reflected in the
search string. The keywords were selected based on the dominant constructs identified in the
literature and on accepted terminology in bibliometric studies. Nevertheless, the search strategy does
not claim exhaustive coverage of all conceptual framings in the field. The query combined three
conceptual dimensions (entrepreneurship, STEM education, and interdisciplinarity), yielding 1,276
initial documents.

Second, the time range (2002-2024) was selected to capture more than two decades of research
development, resulting in 1,155 documents. Third, only peer-reviewed articles were retained to
ensure academic credibility and consistency, reducing the dataset to 242 documents. Fourth, the
dataset was limited to journal publications, excluding nonscholarly sources, resulting in 238 records.
Fifth, only English-language publications were included to maintain interpretive uniformity, leaving
224 documents.

Finally, a manual screening process was conducted to verify thematic alignment, eliminate
duplicates, and retain only works addressing both entrepreneurship and STEM education. Figure 2
illustrates the PRISMA flow diagram, which shows the rigorous multi-stage screening procedure
undertaken to ensure the inclusion of only studies that directly address the convergence of STEM
education and entrepreneurship. The manual screening process was conducted by one of the authors,
who reviewed titles and abstracts using predefined inclusion and exclusion criteria derived from the
research objectives of the study. To reduce subjectivity, a structured screening protocol was applied,
including a pilot screening phase to refine criteria and ensure consistent application across records.
During this stage, studies that did not address the convergence of entrepreneurship and STEM
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education were excluded, including articles that discussed the two domains independently without
conceptual integration or those unrelated to educational contexts. Although a single reviewer
performed the screening, the use of explicit criteria and iterative verification helped enhance internal
consistency and reliability of the final dataset. Ambiguous cases were documented and discussed
with the co-authors to maintain conceptual consistency and ensure alignment with the objectives of
the study. This multi-stage filtering process resulted in a final dataset of 174 documents, serving as
the foundation for the bibliometric analysis phase.

Step 1. Scope of investigation
A bibliometric analysis of the convergence of Entrepreneurship and STEM education

Step 2. Database collection
Scopus

Step 3. Documents selection
First selection criteria: TITLE-ABSTRACT-KEYWORDS
((STEM OR “STEM education” OR “science education” OR “technology education” OR “engineering education”
OR “mathematics education” OR “integrated STEM” OR “STEM learning” OR “STEM teaching” OR “STEM
curriculum” OR “STEM training”) AND
(entrepreneur* OR “entrepreneurship education” OR “entrepreneurial learning” OR “entrepreneurial mindset” OR
“enterprise education” OR “enterprise skill*” OR “innovation education” OR “innovation skill*” OR “venture
creation” OR “startup education” OR “business creation”) AND
(integration OR interdisciplin* OR “cross-disciplin®*’ OR “multi-disciplin®” OR “trans-disciplin®” OR embedded
OR incorporat* OR combin* OR “curriculum integration” OR “curriculum design” OR “curriculum
development”) )
(Resulted in 1276 documents)

Second selection criterion: Time interval
“prior years up to 2024”
(Resulted in 1155 documents)

Phase 1: Documents selection

Third selection criterion: Category of documents
“Article”

(Resulted in 242 documents)

Fourth selection criterion: Source of documents
“Journal”

(Resulted in 238 documents)

Fifth selection criterion: Language
“English”
(Resulted in 224 documents)

Sixth selection criterion: Pruning and skimming of documents

(Resulted in 174 documents)

Step 4. Processing of selected documents
VOSviewer and Biblioshiny

Phase 2:
Bibliometric
analysis

Step 5. Analysis and inference of results

Figure 1. Research framework.
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The records were exported in comma-separated values (CSV) format using Scopus “Full Record”
option, which included the following metadata fields: author information (authors, full names, author
IDs, affiliations), document details (title, year, source title, volume, issue, page information,
document type, publication stage, language), citation and identifier data (cited-by counts, DOI,
PubMed ID, EID, ISSN/ISBN, CODEN), abstract and keyword fields (abstract, author keywords,
index keywords), reference lists, and additional metadata (e.g., funding texts, publisher, editors,
conference information, open access status, sponsors, and source links). Subsequently, data cleaning
and keyword standardization were performed to ensure analytical accuracy and consistency. A
custom thesaurus file was developed in VOSviewer and Biblioshiny to consolidate and merge
synonymous terms, and a stop list was used to exclude generic and irrelevant terms. This rigorous
data preparation process ensured that the dataset was both comprehensive and thematically coherent,
reflecting the interdisciplinary nature of the convergence between entrepreneurship and STEM
education. The resulting corpus provides a robust empirical basis for subsequent mapping, trend
identification, and knowledge structure analysis in Phase 2.

—

Records removed before
screening:

§ Records identified through Duplicate records removed
g Scopus search: N (n=0)
= (n=1276) " Records marked as ineligible

by automation tools (n = 0)
Records removed for other
reasons (n=0)

Records excluded

——| Not published before the year
2025 (n=121)

Non-article documents (n = 913)

Records screened Not a journal article (n = 4)

(n=224) Non-English article (n = 14)
& .
- Reports excluded
b STEM but not
N entrepreneurship (n = 6)
Reports assessed for eligibility Entrepreneurship but not

(n=174) STEM (n = 20)

Irrelevant domain (n = 22)
Non-empirical (n=2)

§ Studies included in the analysis
g (n=174)

Figure 2. PRISMA flow diagram for screening and eligibility.
3.2. Phase 2: Bibliometric analysis

The second phase of this research framework involved performing a bibliometric analysis that
integrated two methodological components (performance analysis and science mapping) to
systematically examine the structure, productivity, and intellectual development of research on the
convergence of entrepreneurship and STEM education. Bibliometric analysis was chosen because it

STEM Education Volume 6, Issue 1, 109-139



116

enables an objective and quantitative evaluation of the evolution of the field, key contributors, and
thematic interconnection, allowing the identification of both mature and emerging research
domains [27,48]. This phase employed VOSviewer and Biblioshiny, two complementary tools that
facilitate the visualization and interpretation of bibliographic data [26,47].

The performance analysis focused on measuring the research output and scholarly impact of
documents related to entrepreneurship and STEM education. Indicators such as publication trends
and citation counts, leading publication sources, and influential documents were examined to
describe the productivity and dissemination patterns within the field. This analytical focus provides a
foundational understanding of the growth of the discipline, identifies prolific contributors, and
reveals trajectories of scholarly engagement [49]. By examining publication trends over time, the
study established a contextual basis for interpreting the increasing scholarly attention to
entrepreneurial integration within STEM education.

The science mapping component comprised bibliographic coupling and co-word analysis, which
capture the intellectual and conceptual structures of the research domain. Bibliographic coupling was
employed to represent the current research landscape by linking documents with shared references,
thereby revealing clusters reflecting common theoretical foundations or methodological
approaches [50]. This technique was particularly suited for identifying active research fronts and
understanding the intellectual coherence within the field. In line with bibliometric theory, documents
sharing a substantial proportion of references are assumed to draw upon similar intellectual
bases [50,51]. However, coupling strength alone does not guarantee thematic coherence, as it
indicates structural proximity rather than conceptual equivalence. Accordingly, representative
documents from each cluster were examined to validate thematic consistency. This combined
approach integrates algorithmic results with qualitative interpretation to ensure conceptual
validity [42].

Meanwhile, co-word analysis was conducted to explore the future research landscape by
examining the co-occurrence among author and index keywords, thereby uncovering emerging topics
and thematic relationships [42]. Future research directions and emerging conceptual linkages are
identified based on keywords meeting defined minimum occurrence thresholds and exhibiting
increasing frequency, connectivity, and temporal prominence [45,52]. Keywords showing stronger
presence in later years and greater association with core pedagogical and innovation-oriented terms
were interpreted as indicators of developing research directions [53,54]. This procedure enables
systematic identification of evolving thematic emphases.

The three bibliometric techniques were combined to form a coherent analytical sequence that
supports an integrative understanding of how entrepreneurship and STEM education intersect within
contemporary scholarship. Performance analysis establishes the scale and growth of this research
domain over time, demonstrating that the integration has evolved into a sustained research domain
rather than isolated pedagogical experimentation [42]. Bibliographic coupling reveals the structural
organization in current research by identifying clusters of studies that share common intellectual
foundations [51]. Co-word analysis traces the conceptual language linking entrepreneurship and
STEM education, thereby highlighting emerging thematic emphasis and future directions [52].
Together, these complementary techniques support the interpretation of convergence as both an
empirical trend and a conceptual realignment within STEM education research. Consequently, this
phase establishes a robust methodological foundation for analyzing trends, influential contributions,
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and future research opportunities.
3.3. Cluster stability and validity checks

Several quantitative diagnostics were conducted to assess the stability and validity of the
bibliographic coupling and co-word clusters. First, threshold sensitivity tests were performed by
varying the minimum reference threshold (2 to 4) for bibliographic coupling analysis and the
minimum keyword occurrence threshold (3 to 5) for co-word analysis. Second, agreement between
automated cluster descriptors (top-weighted keywords and terms generated by VOSviewer) and
inductively assigned thematic labels was examined to evaluate labeling validity. Third, a split-sample
cross-validation compared clustering structures between an early period (2002-2014) and a recent
period (2015-2024). Detailed diagnostic results are provided in the supplementary material.

3.4. Authors’ use of Al tools

In alignment with Committee on Public Ethics (COPE) guidelines on the ethical use of
generative Al, the authors clarify that Al tools were used during manuscript preparation. ChatGPT
was employed for ideation and conceptual support, outlining assistance, and language refinement.
These functions involve refining phrasing, clarifying conceptual structure, and suggesting logical
organization. No Al-generated text, data, visualizations, interpretations, or analytical results were
incorporated without substantial human revision, verification, and rewriting. Conceptual arguments,
methodological decisions, and bibliometric analyses were developed and validated entirely by the
authors.

All Al-assisted text underwent manual editing, cross-checking against theoretical and empirical
sources, and plagiarism and Al screening using institutional tools to ensure originality and integrity.
Analyses were conducted using recognized academic software (VOSviewer, Biblioshiny) and
validated by the authors. The final manuscript reflects the intellectual contributions of the authors,
analytical reasoning, and academic responsibility.

4. Result and analysis
4.1. Performance analysis

The bibliometric data for this study were retrieved from the Scopus database, providing a
comprehensive overview of research publications related to the convergence of entrepreneurship and
STEM education. The dataset covers studies published between 2002 and 2024, spanning over two
decades of scholarly output in this interdisciplinary field. Across the 174 documents analyzed, a total
of 2,559 citations were recorded, resulting in an average of approximately 14.71 citations per
publication. The calculated H-index of 26 indicates a moderately strong citation impact, with at least
26 documents receiving 26 or more citations each.
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Figure 3. Number of publications and citations on the convergence of entrepreneurship
and STEM education.

Figure 3 shows a steady growth in research activity, particularly from 2015 onwards, reflecting
an increasing academic focus. The number of publications rose from fewer than 10 annually in the
early 2010s to 27 papers in 2024, marking the highest output within the coverage period. This
upward trajectory suggests a growing interest in this research domain, which aligns with broader
educational reforms emphasizing innovation, creativity, and entrepreneurial competencies in STEM
learning environments. The steady rise in citations after 2015, combined with an expanding author
base, indicates increasing interdisciplinary engagement across research communities. The data point
to a growing interaction across domains, moving from isolated studies toward a more cohesive body
of knowledge connecting innovation, education, and enterprise development.

However, growth in publication volume alone should not be interpreted as definitive evidence of
field maturity. Bibliometric output reflects scholarly activity but does not inherently indicate
theoretical consolidation, methodological rigor, or conceptual coherence. Accordingly, the trends
observed illustrate increasing scholarly attention to entrepreneurship—STEM integration within
Scopus-indexed literature rather than a comprehensive assessment of the intellectual maturity of the
field.

Table 1 presents the top 10 most cited documents that form the core knowledge base shaping the
convergence of entrepreneurship and STEM education. The most influential work is that of Bevan et
al. [17], which has garnered 257 citations, bridging entrepreneurship with STEM learning through
experiential and leadership-oriented approaches. This was followed by studies from Farr and
Brazil [55], which garnered 121 citations, and Duval-Couetil et al. [13], with 112 citations, both of
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which extend the convergence toward inclusivity, sustainability, and innovation-related
competencies.

Table 1. Top 10 highest cited documents.

No Title Author(s) Citation

1 Learning Through STEM-Rich Tinkering: Findings From  Bevan, B., Gutwill, J. P., Petrich, M., & 257
a Jointly Negotiated Research Project Taken Up in  Wilkinson, K. (2015).

Practice.

2 Leadership Skills Development for Engineers. Farr, J. v., & Brazil, D. M. (2009). 121

3 Examining the minimal combined effects of gender and Duval-Couetil, N., Epstein, A., & 112
minoritized racial/ethnic identity among academic Huang-Saad, A. (2024).
entrepreneurs.

4 The importance of surrogate entrepreneurship for  Lundgvist, M. A. (2014). 104
incubated Swedish technology ventures.

5 An integrated project of entrepreneurship and innovation ~ Soares, F. O., SepUveda, M. J., Monteiro, 76
in engineering education. S., Lima, R. M., & Dinis-Carvalho, J.

(2013).

6 Fostering skills for the 21st century: The role of Fab labs  Rayna, T., & Striukova, L. (2021). 67
and makerspaces.

7 Reconsidering the Regional Economic Development Drucker, J. (2016). 63
Impacts of Higher Education Institutions in the United
States.

8 Science-based entrepreneurship education as a means for  Blankesteijn, M., Bossink, B., & van der 53
university-industry technology transfer. Sijde, P. (2021).

9 The Sustainable Development Goals (SDGs) as a Basis for  Rivera, F. M. la, Hermosilla, P., 48
Innovation Skills for Engineers in the Industry 4.0 Delgadillo, J., & Echeverr &, D. (2020).
Context.

10  An entrepreneurship education taxonomy based on Aadland, T., & Aaboen, L. (2020). 47

authenticity. European Journal of Engineering Education.

Table 2 presents the top 12 sources, ranked by the number of documents and their corresponding
citations. The International Journal of Engineering Education leads with 17 publications and 151
citations, highlighting engineering education as the primary platform for integrating entrepreneurial
learning. Advances in Engineering Education ranks first in terms of citations (201), indicating its
significant influence on pedagogical innovation. Other key contributors, including the European
Journal of Engineering Education and the Applied Mathematics and Nonlinear Sciences, highlight
the blend of technical and entrepreneurial perspectives of the field. Collectively, these journals
demonstrate a growing scholarly commitment to embedding entrepreneurship within STEM-focused
educational contexts.

STEM Education
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Table 2. Top 12 sources based on documents and their citations.

No  Source Documents Citation
1 International Journal of Engineering Education 17 151
2 Advances in Engineering Education 13 201
3 European Journal of Engineering Education 8 99
4 Applied Mathematics and Nonlinear Sciences 5 2

5 Education Sciences 4 70
6 Journal of Technology Transfer 3 48
7 International Journal of Technology and Design Education 3 42
8 International Journal of Engineering Pedagogy 3 35
9 Eurasia Journal of Mathematics, Science and Technology Education 3 22
10 Frontiers in Education 3 10
11 World Transactions on Engineering and Technology Education 3

12 Journal of Engineering Education Transformations 3

The performance analysis focused on publication volume, citation impact, and source productivity
to characterize the growth trajectory and scholarly influence of research on entrepreneurship and
STEM education. While regional and institutional analyses can provide additional insight into
geographic concentration and organizational leadership, such analyses fall beyond the scope of the
present study, which emphasizes thematic and intellectual structure rather than comparative
benchmarking. Taken together, the indicators employed establish the temporal expansion, citation
visibility, and disciplinary anchoring of the field, providing a foundation for subsequent structural
and conceptual analyses.

4.2. Bibliographic coupling analysis

Bibliographic coupling and co-word analysis both generate clustered structures, but they capture
different dimensions of the research field. The alignment between the two sets of clusters is
interpretive rather than structural, and differences between them are therefore expected.
Bibliographic coupling identifies the intellectual structure of the literature by grouping studies that
share common reference bases, reflecting shared theoretical or methodological foundations. In
contrast, co-word analysis maps the conceptual structure of the field through patterns of keyword
co-occurrence, highlighting dominant and emerging themes. These techniques offer a complementary
perspective on how knowledge is organized and how research themes evolve within the convergence
of entrepreneurship and STEM education.

From the initial dataset of 174 documents retrieved from the database, using a full-counting
method with association strength normalization, 137 documents met the threshold criterion of having
at least two cited references. Sixty-two documents representing the most interconnected publications
were retained for analysis. Multiple threshold values were tested to ensure the formation of robust
and well-balanced clusters, ultimately selecting a value that avoids overly simplistic or excessively
complex visualizations. A minimum of eight documents per cluster was set to ensure adequate
thematic grouping. The final threshold provided the optimal clarity and thematic coherence of the
bibliographic coupling network.
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The analysis revealed that the four most strongly coupled publications were Kim and Strimel [10]
with 26 citations and a total link strength of 14 and Rakicevic et al. [6] with 11 citations and a total
link strength of 11. These were followed by Bosman and Shirey [18] with 3 citations and Adland and
Aaboen [56], with 47 citations, both of which had a total link strength of 9. Table 3 presents the 10
most bibliographically coupled documents and their total link strength, indicating the cumulative
strength of a publication’s connection to other documents [52].

Based on network visualization, bibliographic coupling analysis produced four distinct clusters.
Figure 4 shows the network structure of bibliographic coupling analysis. Each cluster was labeled
and characterized based on representative publications, following the authors’ inductive
interpretation of the four clusters. The clusters reflect publications with similar referencing patterns,
which may suggest shared thematic orientations. To avoid overinterpretation of the network structure,
thematic labels were assigned only after examining the titles and abstracts of key documents within
each cluster, ensuring that interpretations were grounded in substantive content rather than solely in
visual proximity.

Cluster 1 (red): This cluster is labeled “Socio-technical pedagogies for sustainable and inclusive
entrepreneurial STEM learning.” This cluster highlights studies that emphasize authentic pedagogies,
including socioscientific inquiry, engineering challenges, and STEM-rich tinkering, which foster
creativity, autonomy, and problem-solving [17,28,29]. A secondary thematic emphasis relates to
sustainability and Industry 4.0 ecosystems. Studies indicate that the sustainable development goals
(SDGs) and emerging technological competencies increasingly shape entrepreneurial skill formation,
encouraging environmentally and socially responsible innovation [9,16,25,57]. The cluster also
foregrounds inclusivity and institutional support, with research examining gendered participation in
STEM entrepreneurship [58,59] and learning gains associated with structural reforms in educational
settings [60,61].

Table 3. Top 10 documents with the highest bibliographic coupling.

No  Document Citation Total link
strength
1 Kim, E., & Strimel, G. J. (2020). The Influence of Entrepreneurial Mindsets on Student 26 14
Design Problem Framing. IEEE Transactions on Education, 63(2), 126-135.
2 Rakicevic, Z., Rakicevic, J., Labrovic, J. A., & Ljamic-lvanovic, B. (2022). How 11 11

Entrepreneurial Education and Environment Affect Entrepreneurial Readiness of STEM and
Business Students? A Longitudinal Study. Engineering Economics , 33(4), 414-432.

3 Bosman, L., & Shirey, K. L. (2023). Using STEAM and Bio-Inspired Design to Teach the 3 9
Entrepreneurial Mindset to Engineers. Open Education Studies, 5(1).

4 Aadland, T., & Aaboen, L. (2020). An entrepreneurship education taxonomy based on 47 9
authenticity. European Journal of Engineering Education, 45(5), 711-728.

5 Barth, J., & Muehlfeld, K. (2022). Thinking out of the box—by thinking in other boxes: a 14 8
systematic review of interventions in early entrepreneurship vs. STEM education research.
Management Review Quarterly, 72(2), 347-383.

6 Eltanahy, M., & Mansour, N. (2022). Promoting UAE entrepreneurs using E-STEM model. 5 8
The Journal of Educational Research, 115(5), 273-284.
7 Wasim, J., Haj Youssef, M., Christodoulou, I., & Reinhardt, R. (2024). Higher education 16 7
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student intentions behind becoming an entrepreneur. Higher Education, Skills and
Work-Based Learning, 14(1), 162-180.

8 Earle, A. G., Merenda, M. J., Short, K. M., Thein, M.-W. L., & Sedam, M. C. (n.d.). 2 7
Advances in Engineering Education Lean Collaboration on Campus? A Social Network and
Bricolage Approach.

9 Eltanahy, M., Forawi, S., & Mansour, N. (2020). Incorporating Entrepreneurial Practices into 40 6
STEM Education: Development of Interdisciplinary E-STEM Model in High School in the
United Arab Emirates. Thinking Skills and Creativity, 37, 100697.

10 Mehta, K., Entrepreneurship, S., Brannon, M. L., & Zhao, Y. U. (2016). An Educational and 24 6
Entrepreneurial Ecosystem to Actualize Technology-Based Social Ventures. Advances in

Engineering Education, 5(1)

Cluster 2 (green): This cluster is labeled “Curriculum integration and experiential pedagogies for
entrepreneurial mindset development in STEM education.” Studies in this cluster emphasize
authentic engagement in real or simulated innovation processes, with authenticity identified as a core
dimension of entrepreneurship education [56]. Intensive, challenge-based programs demonstrate how
time-bound design experiences foster ideation, resilience, and ownership of problem-solving
processes [62,63]. Design thinking, bio-inspired design, and team-based projects enhance
entrepreneurial mindsets by strengthening students’ problem-framing skills [10,18,64].
Complementary support structures, such as ICT-enabled entrepreneurial platforms [65],
micro-credentialing pathways [66], and experiential learning models [67], scaffold the development
of these competencies. Curricular transformation efforts, including the integration of innovation in
engineering programs [68], CDIO frameworks [69], and course-competition models [70], further
institutionalize experiential entrepreneurship learning within STEM curricula.
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Figure 4. Bibliographic coupling analysis of the convergence of entrepreneurship and
STEM education.
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Cluster 3 (blue): This cluster is labeled “Pedagogical design frameworks for competency-oriented
entrepreneurial STEM education.” Studies in this cluster focus on the pedagogical frameworks and
teacher competencies required to integrate entrepreneurship effectively within STEM education.
Central to this cluster are interdisciplinary E-STEM models that embed entrepreneurial practices
within STEM instruction [71,72]. A growing emphasis on teacher readiness highlights the need for
educators to reconcile scientific, social, and economic dimensions of learning [73,74]. Accordingly,
professional development emerges as a critical factor in strengthening teachers’ self-efficacy for
designing lessons that integrate computational thinking, problem-solving, and entrepreneurial
skills [75,76]. Project-based learning and tools such as Arduino support the development of the 4Cs
(critical thinking, creativity, collaboration, and communication), thereby enhancing entrepreneurial
intentions and workforce readiness [77-79].

Cluster 4 (yellow): This cluster is labeled “Institutional and industry mechanisms shaping
entrepreneurial readiness in STEM education.” This cluster examines the institutional and contextual
factors shaping the transition from STEM education to entrepreneurial activity, particularly among
engineering graduates. It highlights the cultivation of the engineering entrepreneurial mindset (EEM)
through structured socio-technical design challenges embedded in early curricula, which promote
curiosity and value creation through hands-on learning [80,81]. The higher education-industry
interface emerges as a key determinant of entrepreneurial readiness, with industry—teaching
integration models, intelligent manufacturing platforms, and vocational training systems
strengthening innovation capacity [2,82]. Students’ engagement in surrogate entrepreneurship and
co-pilot roles within technology transfer further supports venture learning [15,37]. The cluster also
highlights contextual and inclusion-related factors influencing readiness across student groups,
including gender-specific challenges [6,83].

4.3. Co-word analysis

For the co-word analysis, a thesaurus file was applied to standardize keyword variants and merge
synonymous terms. A total of 874 author and index keywords were retrieved, and full counting with
association strength normalization was used to determine their co-occurrence relationships. Several
minimum-occurrence thresholds were tested to identify a configuration that produced interpretable
and analytically meaningful clusters. The final threshold was set at a minimum of four occurrences,
resulting in 48 keywords and generating a co-word network with sufficient density for thematic
interpretation, while avoiding overly fragmented or overly generalized structures. A minimum cluster
size of eight documents was maintained to ensure thematic stability in the resulting map.

The co-occurrence analysis shows that “engineering education” has the highest prominence, with
108 occurrences and a total link strength of 520, indicating its central role in the research network.
This was followed by “students” (61 occurrences; total link strength = 359) and “curricula” (52
occurrences; total link strength = 279), reflecting strong interconnections with teaching and learning
themes. Keywords, such as “entrepreneurship” (52 occurrences; total link strength = 213) and
“innovation skills” (31 occurrences; total link strength = 175), further link educational practice with
innovation-oriented outcomes. Together, these patterns indicate that engineering-focused pedagogical
contexts constitute the core structural backbone through which entrepreneurial concepts are
integrated. Table 4 summarizes the top 15 co-occurring keywords, their number of occurrences, and
total link strength.
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Table 4. Top 15 keywords in the co-occurrence of keywords analysis.

No Keyword Occurrences  Total link strength
1 engineering education 108 520
2 students 61 359
3 curricula 52 279
4 entrepreneurship 52 213
5 innovation skills 31 175
6 pedagogy 31 165
7 entrepreneurship education 33 160
8 education 25 138
9 technology-enhanced learning 21 123
10 higher education 25 119
11 project-based learning 20 110
12 multidisciplinarity 16 104
13 design thinking 17 95
14 professional aspects 12 78
15 experiential learning 11 70

Figure 5 presents the cumulative keyword occurrences, which reveal a steady and accelerating
growth in research since 2015. A sharp increase has been evident in “engineering education,”
“students,” and “entrepreneurship,” indicating their emergence as dominant thematic anchors. The
rising prominence of “curricula,” “teaching,” and “project-based learning” reflects a growing
pedagogical shift toward experiential and learner-centered instructional models. Meanwhile,
“innovation” and “entrepreneurship education” exhibit sustained growth, suggesting strengthened
interdisciplinary integration. More recently, the emergence of “artificial intelligence” and “education
computing” after 2020 signals the digital transformation of STEM education, highlighting an
increasingly close alignment between technology, entrepreneurial practice, and educational
innovation.

Figure 6 presents the network map of the co-word analysis. The map produced four clusters,
which were classified and labeled based on the authors’ inductive interpretation of keyword
co-occurrence patterns.

Cluster 1 (red): With 15 keywords, this cluster is labeled “Technology-enhanced active learning
systems in STEM entrepreneurship.” This cluster highlights technology-enhanced learning
environments that integrate active, collaborative, problem-based, and project-based learning
approaches, positioning students as designers and decision-makers in STEM entrepreneurship.
Within engineering education, these pedagogies foster entrepreneurial mindsets through
experimentation, teamwork, and authentic problem-solving experiences [81,84]. Emerging
technologies, including virtual reality, computer-aided instruction, and e-learning systems, extend
learning environments by enabling immersive simulations and flexible innovation spaces [85,86]. In
addition, the integration of Al and learning analytics strengthens learning systems by supporting
adaptive feedback and personalized learning pathways [31,38]. Collectively, these
technology-enhanced approaches transform STEM classrooms into dynamic ecosystems where
creativity, opportunity recognition, and innovation behaviors are systematically cultivated [87,88].
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Cluster 2 (green): With 12 keywords, this cluster is labeled “Curriculum-integrated innovative
pedagogies for experiential STEM entrepreneurship.” This cluster reflects a shift from content-driven
instruction toward experiential learning grounded in design thinking, product design, and hands-on
activities within makerspaces and Fab Labs, where students iteratively explore, test, and refine
solutions [19,89]. Such approaches represent innovative pedagogical models embedded within the
STEM entrepreneurship curricula, and closely mirror real-world innovation processes [2].
Multidisciplinarity further strengthens this ecosystem by integrating engineering, business, and social
perspectives, thereby enhancing opportunity recognition and team-based innovation [32,90]. Equally
important, institutional mechanisms, particularly technology transfer and university-industry
collaboration structures, connect academic innovation with real-world application [13,36].
Curriculum-integrated innovation ecosystems cultivate entrepreneurial capability through
experiential design and institutional linkages [31].

Cluster 3 (blue): With 11 keywords, this cluster is labeled “Entrepreneurial competencies for
employability in Industry 4.0-driven STEM education.” This cluster highlights the role of education
in cultivating entrepreneurial and innovative competencies that drive employability in rapidly
evolving technological contexts. Higher education, particularly engineering education, functions as a
central site for intentional development of these competencies through adaptive pedagogical
strategies. A defining influence within this cluster is Industry 4.0, which reshapes curricula and
workforce expectations by prioritizing adaptability, problem-solving, and opportunity recognition
skills [40,41]. The presence of an entrepreneurial ecosystem highlights the importance of
partnerships and innovation networks linking universities and industry [91,92]. Moreover, the
integration of sustainability reflects a shift toward socially responsible innovation, emphasizing the
need for graduates equipped to address complex environmental and societal challenges.

Cluster 4 (yellow): With 10 keywords, this cluster is labeled “Inclusive human capital
entrepreneurial mindset development in STEM professional formation.” This cluster highlights the
human, social, and professional dimensions of entrepreneurship within STEM education. It
emphasizes how engineers develop entrepreneurial mindsets through entrepreneurship education,
institutional practices, and workforce-oriented pathways [39,75]. Central to this cluster is the
alignment of entrepreneurial development with leadership, innovation capability, and career
progression, positioning entrepreneurship as a core professional competence rather than solely
venture creation [36,78]. The inclusion of human resource management perspectives underscores the
role of organizational practices in shaping entrepreneurial behavior, while the emphasis on inclusion
and diversity highlights equitable access to entrepreneurial opportunities [11,59]. Overall, this cluster
reflects a shift toward human-centered, inclusive models of entrepreneurial development embedded
within STEM education systems.

The thematic patterns identified through co-word analysis align with recent extensions of the
technology acceptance model (TAM) and self-determination theory (SDT), which emphasize
self-efficacy, emotional engagement, and institutional support as key mechanisms shaping learners’
adoption of technology-rich educational environments. Empirical evidence suggests that self-efficacy
and playfulness positively influence perceived usefulness and ease of use, while emotional
engagement and university support moderate the adoption of Al-driven and hybrid learning
tools [93]. These mechanisms closely correspond to the readiness, intention, and competency
constructs identified in the clusters, suggesting that entrepreneurship—STEM curricula gain stronger
traction when they foster confidence, reduce technology-related anxiety, and provide institutional
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scaffolding that supports autonomy and sustained engagement.
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Figure 5. Cumulative occurrences of keywords on the convergence of entrepreneurship
and STEM education.
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Figure 6. Co-word analysis of the convergence of entrepreneurship and STEM
education.
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5. Discussion

The bibliometric analysis of the convergence of entrepreneurship and STEM education presents
an evolving and increasingly cohesive body of scholarship that bridges innovation, pedagogy, and
technological advancement. The findings from the performance, bibliographic coupling, and co-word
analysis collectively reveal the intellectual growth, thematic focus, and emerging trajectories of this
interdisciplinary domain.

Taken together, the findings address the longstanding divide between technically rigorous STEM
education and entrepreneurship education, which often lacks technological depth. Performance
analysis demonstrates that this divide has become an increasingly focal concern of global scholarship
since 2015. Bibliographic coupling analysis reveals that contemporary research no longer treats
entrepreneurship and STEM as parallel domains, but increasingly conceptualizes them as
interdependent systems connected through experiential pedagogy, institutional mechanisms, and
innovation ecosystems. Co-word analysis further confirms this integration at the conceptual level,
where  engineering  education,  entrepreneurship  education, innovation  skills, and
technology-enhanced learning converge within a shared thematic space. Together, these results form
a coherent analytical sequence, in which the research problem, methodological design, and empirical
evidence align to demonstrate that the entrepreneurship—STEM divide is being addressed through
integrative, interdisciplinary, and technology-mediated educational models.

The performance analysis highlights steady and sustained research growth since 2015, indicating
rising recognition of the importance of embedding entrepreneurial competencies within STEM
education. The field’s expanding publication output and citation impact reflect increasing scholarly
engagement, supported by educational reform and innovation-driven policies. Key publications, such
as those by Bevan et al. [17] and Farr and Brazil [55], have provided influential frameworks linking
entrepreneurial practice with creativity and hands-on STEM learning. Similarly, the most active
publication outlets, including the International Journal of Engineering Education and Advances in
Engineering Education, underscore the field’s emphasis on engineering pedagogy as a foundation for
cultivating innovation and entrepreneurial mindsets. Collectively, this performance landscape reflects
a gradual shift from traditional, content-driven instruction toward experiential and skill-oriented
learning models that better equip students to navigate complex technological and economic
challenges.

The formation of distinct yet complementary clusters reflects the multifaceted evolution of
research at the intersection of entrepreneurship and STEM education. These clusters have emerged in
response to diverse epistemic entry points into the field, including pedagogical design traditions,
institutional and policy-driven innovation agendas, and workforce-oriented competency frameworks.
As STEM education increasingly engages with entrepreneurial objectives, researchers have
approached this convergence through disciplinary perspectives shaped by engineering education,
learning sciences, innovation studies, and policy discourse. Accordingly, the resulting clusters
represent not isolated research streams but differentiated responses to shared educational and societal
challenges, including innovation capacity building, sustainability imperatives, and digital
transformation.

The bibliographic coupling analysis reveals four distinct intellectual clusters that define the
current research landscape. These clusters collectively portray the field as moving toward integrative,
experiential, and sustainability-oriented education models. At the same time, the broader literature
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also reflects tensions and inconsistencies that warrant careful consideration. Studies within the same
cluster frequently differ in their conceptualization of entrepreneurial competence, the role of
technology, and the intended purpose of integrating entrepreneurship into STEM curricula. Some
contributions emphasize innovation-driven economic outcomes, whereas others prioritize equity,
sustainability, or pedagogical reform. These divergent orientations indicate that
entrepreneurship—STEM integration is not a fully unified domain, but rather a heterogeneous and
evolving field characterized by multiple, sometimes competing, perspectives.

The observed heterogeneity within and across clusters reflects underlying disciplinary,
institutional, and contextual differences shaping research priorities. Studies grounded in engineering
and technology education often emphasize problem-solving, design thinking, and technical
innovation [18,64], whereas research informed by business and entrepreneurship education
foregrounds opportunity recognition, value creation, and venture orientation [32,87]. In addition,
regional policy environments and national innovation agendas influence how entrepreneurship is
positioned within STEM curricula, with some contexts prioritizing workforce readiness and others
emphasizing sustainability or social innovation [77,79,94]. Importantly, this heterogeneity does not
undermine the coherence of the field; rather, it highlights the adaptive and context-sensitive nature of
entrepreneurial STEM education and cautions against one-size-fits-all interpretations of competence
development.

Cluster 1 highlights socio-technical and sustainability-oriented approaches, where authentic
design experiences, Industry 4.0 competencies, and inclusive learning environments cultivate
creativity, autonomy, and socially responsible innovation [16,28,58]. Cluster 2 builds on this
foundation by emphasizing curriculum integration and experiential pedagogies, such as design
thinking, makerspaces, and challenge-driven activities, which embed entrepreneurial mindset
development directly within engineering education. These approaches are supported by ICT
platforms, micro-credentials initiatives, and curricular reforms [18,56,68]. Cluster 3 extends the
discussion toward the competencies of teachers and instructors, positioning educators as central
agents in operationalizing E-STEM models and designing learning experiences that integrate
scientific inquiry with entrepreneurial thinking. Professional development initiatives and STEM
project-based pedagogies enhance teacher self-efficacy and promote students’ acquisition of the 4Cs
and entrepreneurial intentions [71,75,78]. Cluster 4 highlights institutional mechanisms,
socio-technical experiences, and contextual factors that shape entrepreneurial readiness.
University—industry integration, technology transfer practices, surrogate entrepreneurship, and
demographic play a significant role in shaping learners’ transition from engineering education to
entrepreneurial action [6,37,83]. Collectively, these clusters reveal the evolution of research from
localized program evaluations toward broader discourses on innovation ecosystems, educational
equity, and industry relevance.

The steady increase in keyword occurrences after 2015 indicates growing research momentum
within the field. Co-word analysis further illustrates the conceptual structure and future research
directions of entrepreneurship—STEM scholarship. Keywords such as ‘“engineering education,”
“students,” “curricula,” and “entrepreneurship” dominate, reflecting a strong pedagogical focus on
curriculum innovation and experiential learning. The prominence of innovation and project-based
learning suggests that creativity, design thinking, and real-world application have become central
learning outcomes in entrepreneurial STEM contexts. More recently, emerging terms, such as
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“artificial intelligence,” “education computing,” and “virtual reality,” highlight the digital
transformation of entrepreneurship education, signaling the integration of immersive and intelligent
technologies into STEM learning ecosystems.

The inclusion of “artificial intelligence” among the top co-occurring keywords highlights the
growing integration of Al-mediated tools in entrepreneurship and STEM pedagogy. Recent evidence
suggests that students’ prior experience with Al moderates the relationship between usability and
active learning, indicating that familiarity, rather than novelty, drives effective engagement [95].
Al-enabled tools, such as intelligent assistants and adaptive feedback systems, appear to be most
effective when they extend established learning routines and support iterative problem-solving and
opportunity recognition. These findings highlight the need to build learners’ Al literacy to maximize
pedagogical benefits within entrepreneurship and STEM contexts. Results also indicate that
organizational support, technological competence, and policy frameworks jointly shape how
emerging technologies foster innovative learner behavior. Studies conducted in Al-enabled
educational settings demonstrate that clear institutional strategies, structured training, and supportive
policies enhance creativity and performance, underscoring the enabling role of institutions and
policymakers in entrepreneurship-oriented STEM ecosystems [96].

Rather than functioning as independent domains, the identified clusters interact through shared
pedagogical logics and institutional linkages. Socio-technical and sustainability-oriented pedagogies
provide normative and contextual foundations that inform curriculum-integrated experiential models,
while institutional and industry-linked mechanisms translate these pedagogical approaches into
pathways for entrepreneurial readiness and venture engagement. Co-word analysis further indicates
conceptual overlap across clusters through recurring themes such as innovation skills,
technology-enabled learning, and entrepreneurial mindset development. Taken together, these
interaction mechanisms suggest that convergence within this field occurs through cumulative
alignment across pedagogical design, curricular implementation, and institutional ecosystems, rather
than through linear or sequential progression.

Collectively, the three analyses reveal a dynamic research landscape that has progressed from
examining the pedagogical feasibility of integrating entrepreneurship into STEM toward advancing
more systemic models of innovation and sustainability. The convergence of entrepreneurship and
STEM education is increasingly characterized by interdisciplinary collaboration, digital
transformation, and a focus on social responsibility. This evolution reflects a broader educational
shift toward preparing learners not only as technically competent professionals but also as innovative
problem-solvers and responsible entrepreneurs capable of addressing complex societal and
environmental challenges. The bibliometric evidence positions this field as a critical nexus for
fostering creativity, employability, and sustainable innovation in 21st-century education.

6. Conclusions

This study establishes a foundational understanding of how entrepreneurship and STEM
education converge as complementary drivers of innovation, creativity, and sustainability. Through
bibliometric analysis, it highlights a growing shift from discipline-specific instruction toward more
integrated, experiential, and socially responsible learning ecosystems. The findings reveal an
emerging consensus that entrepreneurship enhances STEM education by fostering adaptability,
innovation, competence, and ethical awareness. Accordingly, the study underscores the importance
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of cultivating learners who are not only technologically adept but also capable of transforming ideas
into meaningful societal solutions. By bridging theory, technology, and practice, the integration of
entrepreneurship and STEM education emerges as a cornerstone for building equitable, future-ready;,
and innovation-driven societies.

7. Implications

The convergence of entrepreneurship and STEM education signifies a transformative shift in
preparing learners for innovation-driven, technology-intensive futures. Findings from this
bibliometric analysis reveal both theoretical and practical insights that deepen understanding of how
education systems can foster creativity, problem-solving, and sustainability. By mapping research
trends and thematic clusters, the study establishes an evidence-based framework for integrating
entrepreneurial competencies within STEM disciplines.

From a theoretical perspective, this study advances the conceptual foundation of
entrepreneurship-STEM integration by framing it as a multi-dimensional learning paradigm that
bridges innovation, education, and socio-economic development. It extends existing theories of
human capital and innovation diffusion by demonstrating how entrepreneurship enhances STEM
education through experiential, technology-supported, and sustainability-oriented approaches. The
emergence of themes such as digital transformation, interdisciplinary collaboration, and ethical
innovation suggests an evolving theoretical model in which students are positioned as co-creators of
knowledge, equipped with both technical expertise and entrepreneurial vision.

From a practical perspective, the study highlights targeted opportunities to strengthen
entrepreneurial and innovation skills across educational levels. In K-12, simplified design-thinking
activities and introductory entrepreneurial mindset modules can support early development of
creativity, confidence, and opportunity recognition. In undergraduate STEM programs, structured
experiential learning, such as design-thinking tasks, venture canvases, makerspace-based assessment
rubrics, and interdisciplinary micro-credentials, incorporating Al tools and sustainability challenges
can develop opportunity-related skills aligned with dominant innovation clusters. For graduate and
professional learners, innovation studios that integrate Al-supported research, sustainability-oriented
projects, and industry mentorship can enhance responsible innovation capacity. At the system level,
policy and strategic planning modules are essential for building institutional readiness and fostering
technology-rich entrepreneurial ecosystems.

These strategies collectively promote entrepreneurial mindsets and real-world problem-solving
among STEM learners. Institutions are encouraged to establish innovation hubs and partnerships that
connect academia, industry, and community development. Policymakers may leverage these insights
to design inclusive frameworks that promote sustainability and equitable participation. These
implications position the convergence of entrepreneurship and STEM as a foundation for cultivating
adaptable, future-ready, and socially responsible graduates.

8. Limitations and future works

While this study provides a comprehensive overview of the convergence between
entrepreneurship and STEM education, several limitations should be acknowledged. First, the
analysis relied exclusively on the Scopus database, which, despite its breadth, may exclude relevant
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studies indexed in other databases such as Web of Science or ERIC. This reliance may have
contributed to the underrepresentation of non-English and region-specific publications, particularly
from developing regions where entrepreneurial-STEM integration is emerging. Consequently, the
intellectual landscape identified in this study may reflect journals with higher international visibility
and English-language dominance, potentially narrowing the thematic diversity observed in the
clusters.

Second, although bibliometric methods are effective for mapping large-scale research patterns,
they do not capture the qualitative nuances of pedagogical innovation, institutional culture, or learner
experience. Since bibliometric analyses rely exclusively on metadata, the present study cannot assess
the depth, quality, or theoretical sophistication of individual contributions. This limitation may result
in greater emphasis on publication volume or citation visibility rather than on substantive conceptual
advancement.

Third, the interpretation of network structures depends on algorithmic clustering procedures,
which may simplify or obscure complex intellectual relationships. As a result, the findings reflect
structural patterns within the Scopus-indexed corpus rather than definitive or comprehensive
statements about the field as a whole, and should therefore be interpreted as exploratory. Fourth, the
temporal range of the dataset (2002-2024) captures the evolution of the field up to recent years.
However, rapid technological and societal shifts may quickly alter emerging research trajectories.

Fifth, the Boolean search strategy, while systematic, may not capture all relevant studies
employing alternative terminologies, theoretical framings, or emerging constructs within the
entrepreneurship—STEM domain. Finally, although the authors maintained full intellectual control
over all contributions, the use of Al tools during manuscript preparation may have introduced a
degree of stylistic homogenization. However, this potential effect does not compromise the
methodological rigor of the study or the validity of its empirical findings.

Future research can build upon this study by addressing the conceptual, methodological, and
contextual gaps identified through bibliometric mapping. Mixed-methods designs that combine
bibliometric analysis with systematic reviews, meta-synthesis, or qualitative case studies could
provide deeper insights into how entrepreneurial competencies are interpreted, operationalized, and
taught across diverse STEM education contexts. Expanding future analyses to include policy
documents, practitioner reports, non-English literature, and additional databases (e.g., Web of
Science, ERIC, and regional indexing systems) would offer a more comprehensive view of global
scholarship. Moreover, future research should further examine how Al, sustainability imperatives,
and interdisciplinary curriculum models influence the development of entrepreneurial mindsets
within STEM education systems.

Author Contributions

Laurence C. Espino: Conceptualization, Methodology, Writing — original draft, Writing — review &
editing, Supervision, Formal analysis; Camille L. Espino: Data curation, Literature review,
Visualization, Analysis, Writing — original draft, Writing — review & editing; Ronilo P. Antonio: Data
collection, Validation, Writing — review & editing; Jovita E. Villanueva: Supervision, Project
administration, Writing — review & editing; Lilibeth DG. Antonio: Proofreading, Project
administration, Writing — review & editing.

STEM Education Volume 6, Issue 1, 109-139



132

Data availability statement

The datasets and replication files generated and analyzed during the current study are publicly
accessible via Zenodo at: https://doi.org/10.5281/zenodo.17865826

Use of Generative-Al tools declaration
Details of Al use are provided in the Methodology subsection on the author’s use of Al tools.
Conflict of interest

The authors declare that there are no conflicts of interest related to the research, authorship, or
publication of this study.

Ethics declaration

This study used peer-reviewed literature from the Scopus database and involved no human
participants or personal data. Formal ethics approval was not required.

References

1. Khatib, M., Purwar, T., Shah, R., Vizcaino, M. and Castillo, L., Empowerment and integration of
refugee women: a transdisciplinary approach. Humanities and Social Sciences Communications,
2024, 11(1): 1-18. https://doi.org/10.1057/s41599-024-03723-w

2. Wang, J., Research on Innovation and Entrepreneurship Education Mode of Vocational Colleges
and Universities under Big Data Technology Oriented by Industry-Teaching Integration. Applied
Mathematics and Nonlinear Sciences, 2024, 9. https://doi.org/10.2478/amns-2024-0795

3. Ogbari, M.E., Chima, G.U.K., Olarewaju, F.O., Olokundun, M.A. and Ufua, D.E., Towards an
Integrative Model of Innovative Entrepreneurship Education for Institutional Sustainability.
Innovation, Entrepreneurship and the Informal Economy in Sub—Saharan Africa: A Sustainable
Development Agenda, 2024, 143-169. https://doi.org/10.1007/978-3-031-46293-1_6

4. Takeuchi, M.A., Sengupta, P., Shanahan, M.C., Adams, J.D. and Hachem, M., Transdisciplinarity
in STEM education: a critical review. Studies in Science Education, 2020, 56: 213-253.
https://doi.org/10.1080/03057267.2020.1755802;WGROUP:STRING:PUBLICATION

5. Keogh, W. and Galloway, L., The role and application of enterprise education in higher vocational
study: An engineering case study. International Journal of Continuing Engineering Education and
Life-Long Learning, 2006, 16: 392—-399. https://doi.org/10.1504/IJCEELL.2006.010961

6. Rakicevic, Z., Rakicevic, J., Labrovic, J.A. and Ljamic-lvanovic, B., How Entrepreneurial
Education and Environment Affect Entrepreneurial Readiness of STEM and Business Students? A
Longitudinal Study. Engineering Economics, 2022, 33(4): 414-432.
https://doi.org/10.5755/J01.EE.33.4.30244

7. Jumini, S., Madnasri, S., Cahyono, E. and Parmin, P., Article review: Integration of science,
technology, entrepreneurship in learning science through bibliometric analysis. Journal of Turkish
Science Education, 2022, 19(4): 1237-1253. https://doi.org/10.36681/tused.2022.172

8. Barth, J. and Muehlfeld, K., Thinking out of the box—Dby thinking in other boxes: a systematic
review of interventions in early entrepreneurship vs. STEM education research. Management
Review Quarterly, 2022, 72: 347-383. https://doi.org/10.1007/S11301-021-00248-3/FIGURES/3

STEM Education Volume 6, Issue 1, 109-139



133

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Rivera, F.C.M.L., Hermosilla, P., Delgadillo, J., Echeverr B, D., Rivera, F.C.M.L., Hermosilla, P.,
et al., Proposal for the construction of innovation skills in engineering education in the context of
industry 4.0 and sustainable development goals (SDG). Formaci universitaria, 2021, 14(2):
75-84. https://doi.org/10.4067/S0718-50062021000200075

Kim, E. and Strimel, G.J., The Influence of Entrepreneurial Mindsets on Student Design Problem
Framing. IEEE Transactions on Education, 2019, 63(2): 126-135.
https://doi.org/10.1109/TE.2019.2918253

Felgueira, T., Paiva, T., Alves, C. and Gomes, N., Empowering Women in Tech Innovation and
Entrepreneurship: A Qualitative Approach. Education Sciences, 2024, 14(10): 1127.
https://doi.org/10.3390/EDUCSCI114101127

Nzembayie, K.F., Buckley, A.P. and Talay, |., Experiential Pedagogies for Cultivating
Entrepreneurial Mindsets: Action Design Learning as Tailored Framework. Entrepreneurship
Education and Pedagogy, 2024, 25151274241292276.
https://doi.org/10.1177/25151274241292276

Duval-Couetil, N., Epstein, A. and Huang-Saad, A., Examining the minimal combined effects of
gender and minoritized racial/ethnic identity among academic entrepreneurs. International
Journal of Gender and Entrepreneurship, 2024, 16(3): 367-401.
https://doi.org/10.1108/1JGE-03-2023-0050

Ng, P.H.F., Chen, P.Q., Wu, A.C.H., Tai, K.S.K. and Li, C., Reimagining STEM Learning: A
Comparative Analysis of Traditional and Service Learning Approaches for Social
Entrepreneurship. IEEE Transactions on Learning Technologies, 2024, 17: 2266-2280.
https://doi.org/10.1109/TLT.2024.3492352

Lundgvist, M.A., The importance of surrogate entrepreneurship for incubated Swedish technology
ventures. Technovation, 2014, 34(2): 93-100.
https://doi.org/10.1016/J. TECHNOVATION.2013.08.005

Mufpz-La Rivera, F., Hermosilla, P., Delgadillo, J. and Echeverr®, D., The Sustainable
Development Goals (SDGs) as a Basis for Innovation Skills for Engineers in the Industry 4.0
Context. Sustainability, 2020, 12(16): 6622. https://doi.org/10.3390/SU12166622

Bevan, B., Gutwill, J.P., Petrich, M. and Wilkinson, K., Learning Through STEM-Rich Tinkering:
Findings From a Jointly Negotiated Research Project Taken Up in Practice. Science Education,
2015, 99(1): 98-120. https://doi.org/10.1002/SCE.21151

Bosman, L. and Shirey, K.L., Using STEAM and Bio-Inspired Design to Teach the Entrepreneurial
Mindset to  Engineers. Open  Education  Studies, 2023, 5(1): 20220187.
https://doi.org/10.1515/EDU-2022-0187/MACHINEREADABLECITATION/RIS

Chen, C.M,, and Yang, Y.C., A game-based augmented reality navigation system to support
makerspace user education in a university library. The Electronic Library, 2024, 42(1): 78-101.
https://doi.org/10.1108/EL-05-2023-0107

Horvatinovi¢, T., Mikic, M. and Dabi¢, M., The meeting points of team entrepreneurial passion,
transactive memory systems and team performance: examining mediation and necessity effects.
International Journal of Entrepreneurial Behavior & Research, 2024, 30(5): 1177-1196.
https://doi.org/10.1108/IJEBR-04-2023-0383

Abdullayev, 1., Nevmatulina, K., Ivashkin, M., Aitkazina, M., Shaitura, N., Shelygov, A, et al.,
Integration of the Academic and Entrepreneurial Environments to Enhance Development
Opportunities for Tourism Enterprises. WSEAS Transactions on Business and Economics, 2024, 21:
1286-1296. https://doi.org/10.37394/23207.2024.21.105

STEM Education Volume 6, Issue 1, 109-139



134

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Li, X. and Niu, Y., Using Principal Component Analysis to Explore Optimization Strategies for
Field Engineer Course Design in Higher Vocational Education. Applied Mathematics and
Nonlinear Sciences, 2024, 9. https://doi.org/10.2478/AMNS-2024-2677

Pang, M., Lu, W,, Huang, C., Lin, M., Ran, J., Tang, X., et al., Development of an Interprofessional
Education Project in Dentistry Based on the Positive Behavior Support Theory: Pilot Curriculum
Development and Validation Study. JMIR formative research, 2024, 8(1): e50389.
https://doi.org/10.2196/50389

Zapata-Paulini, J. and Cabanillas-Carbonell, M., 5G Technology for Innovation Education
(Sustainable Development Goals 4): A Systematic Review. International Journal of Engineering
Pedagogy, 2024, 14: 149. https://doi.org/10.3991/1JEP.V1415.48063

Robles Moral, FJ., Fernadez, E.A., Martnez-Hernandez, C., Fern&dez Diaz, M.,
NU(rez-Sanchez, S. and Valente, M.J., Sustainable Development Goals and Climate Change in
Spanish Technology Disciplines’ Curricula: From LOMCE to LOMLOE. Sustainability, 2023,
15(13): 10301. https://doi.org/10.3390/SU151310301

Aria, M. and Cuccurullo, C., bibliometrix: An R-tool for comprehensive science mapping analysis.
Journal of Informetrics, 2017, 11(4): 959-975. https://doi.org/10.1016/J.JO1.2017.08.007
Donthu, N., Kumar, S., Mukherjee, D., Pandey, N. and Lim, W.M., How to conduct a bibliometric
analysis: An overview and guidelines. Journal of Business Research, 2021, 133: 285-296.
https://doi.org/10.1016/J.JBUSRES.2021.04.070

Arifin, S. and Siew, N.M., INTEGRATION OF SOCIOSCIENTIFIC APPROACH AND DESIGN
THINKING: AN ENTREPRENEURIAL CREATIVE THINKING MODULE FOR STEM
EDUCATION. Journal of Baltic Science Education, 2023, 22(5): 767-780.
https://doi.org/10.33225/JBSE/23.22.767

DeWaters, J. and Kotla, B., Using an open-ended socio-technical design challenge for
entrepreneurship education in a first-year engineering course. Frontiers in Education, 2023, 8:
1198161. https://doi.org/10.3389/FEDUC.2023.1198161/BIBTEX

Goli, G. and Babu, D.R., Cultivating a Culture of Innovation Nurturing Entrepreneurial Spirit and
Startup Mindset in Engineering Education. Journal of Engineering Education Transformations,
2024, 113-120.

Hammoda, B. and Winkler, C., Active methods in Entrepreneurship Education: a case study with
engineering students. European Journal of Engineering Education, 2024, 49(6): 1203-1226.
https://doi.org/10.1080/03043797.2024.2384893

Seo, S., Van Orman, D., Beattie, M., Paxson, L. and Murray, J., Breaking down the silos: Student
experience of transformative learning through interdisciplinary project-based learning (IPBL).
Journal of Hospitality, Leisure, Sport & Tourism Education, 2023, 32: 100440.
https://doi.org/10.1016/J.JHLSTE.2023.100440

Rayna, T. and Striukova, L., Fostering skills for the 21st century: The role of Fab labs and
makerspaces. Technological Forecasting and Social Change, 2021, 164: 120391.
https://doi.org/10.1016/J. TECHFORE.2020.120391

Zotova, M., Likhouzova, T., Shegai, L. and Korobeynikova, E., The Use of MOOCS in Online
Engineering Education. International Journal of Engineering Pedagogy, 2021, 11: 157-173.
https://doi.org/10.3991/1JEP.VV1113.20411

Jamieson, M.V., and Shaw, J.M., Teaching engineering for a changing landscape. The Canadian
Journal of Chemical Engineering, 2019, 97(11): 2870-2875. https://doi.org/10.1002/CJCE.23626
Mele, G., Sansone, G., Secundo, G. and Paolucci, E., Speeding Up Student Entrepreneurship: The

STEM Education Volume 6, Issue 1, 109-139



135

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51l

Role of University Business Idea Incubators. IEEE Transactions on Engineering Management,
2024, 71: 2364-2378. https://doi.org/10.1109/TEM.2022.3175655

Giones, F., Kleine, K. and Tegtmeier, S., Students as scientists’ co-pilots at the onset of technology
transfer: a two-way learning process. Journal of Technology Transfer, 2022, 47(5): 1373-1394.
https://doi.org/10.1007/S10961-021-09880-3/ TABLES/4

Abdelmagid, A.S., Hafez, M.A., Ahmed, E.W., Jabli, N.M., Ibrahim, A.M., Teleb, A.A., et al.,
Interactive Digital Platforms and Artificial Intelligence Applications to Develop Technological
Innovation Skills Among Saudi University Students. International Journal of Interactive Mobile
Technologies, 2024, 18(11): 64. https://doi.org/10.3991/1JIM.VV18111.48877

Li, Z. and Deng, Y., Comprehensive evaluation of college students’ engineering entrepreneurship
ability based on improved TOPSIS model. Journal of Computational Methods in Sciences and
Engineering, 2024, 24(3): 2037-2047. https://doi.org/10.3233/JCM-230022

Varadarajan, S., Contradictions and paradoxes in design-centric engineering education: a complex
responsive processes perspective. International Journal of Technology and Design Education,
2023, 33(2): 685-716. https://doi.org/10.1007/S10798-022-09744-3/METRICS

Serrano, D.R., Fraguas-S&chez, A.l., Gonzdez-Burgos, E., Martm, P., Llorente, C. and Lalatsa,
A., Women as Industry 4.0. entrepreneurs: unlocking the potential of entrepreneurship in Higher
Education in STEM-related fields. Journal of Innovation and Entrepreneurship, 2023, 12(1): 1-18.
https://doi.org/10.1186/S13731-023-00346-4/FIGURES/6

Zupic, 1. and Cater, T., Bibliometric Methods in Management and Organization. Organizational
Research Methods, 2015, 18(3): 429-472. https://doi.org/10.1177/1094428114562629

Baas, J., Schotten, M., Plume, A., C&& G. and Karimi, R., Scopus as a curated, high-quality
bibliometric data source for academic research in quantitative science studies. Quantitative
Science Studies, 2020, 1(1): 377-386. https://doi.org/10.1162/QSS_A_ 00019

Lam, M.T., Lam, H.R., Gschwandtner, M. and Chan, P., To use or not to use: ERIC database for
medical  education  research. Medical ~ Teacher, 2025,  47(7): 1191-1198.
https://doi.org/10.1080/0142159X.2024.2422003;WGROUP:STRING:PUBLICATION

Donthu, N., Kumar, S., Mukherjee, D., Pandey, N. and Lim, W.M., How to conduct a bibliometric
analysis: An overview and guidelines. Journal of Business Research, 2021, 133: 285-296.
https://doi.org/10.1016/j.jbusres.2021.04.070

Mongeon, P. and Paul-Hus, A., The journal coverage of Web of Science and Scopus: a comparative
analysis. Scientometrics, 2015, 106(1): 213-228. https://doi.org/10.1007/S11192-015-1765-5

van Eck, N.J. and Waltman, L., Software survey: VOSviewer, a computer program for bibliometric
mapping. Scientometrics, 2010, 84(2): 523-538.
https://doi.org/10.1007/S11192-009-0146-3/FIGURES/7

Moral-Mufoz, J.A., Herrera-Viedma, E., Santisteban-Espejo, A. and Cobo, M.J., Software tools
for conducting bibliometric analysis in science: An up-to-date review. Profesional de la
informacin, 2020, 29: 1699-2407. https://doi.org/10.3145/EP1.2020.ENE.03

Merigd J.M. and Yang, J.B., A bibliometric analysis of operations research and management
science. Omega, 2017, 73: 37-48. https://doi.org/10.1016/J.OMEGA.2016.12.004

Boyack, K.W. and Klavans, R., Co-citation analysis, bibliographic coupling, and direct citation:
Which citation approach represents the research front most accurately? Journal of the American
Society for Information Science and Technology, 2010, 61(12): 2389-2404.
https://doi.org/10.1002/AS1.21419

Kessler, M.M., Bibliographic coupling between scientific papers. American Documentation, 1963,

STEM Education Volume 6, Issue 1, 109-139



136

52.

53.

54,

55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

14(1): 10-25. https://doi.org/10.1002/AS1.5090140103

van Eck, N.J., and Waltman, L., CitNetExplorer: A new software tool for analyzing and visualizing
citation networks. Journal of Informetrics, 2014, 8(4): 802-823.
https://doi.org/10.1016/}.j0i.2014.07.006

Yang, Y., Wu, M. and Cui, L., Integration of three visualization methods based on co-word analysis.
Scientometrics, 2011, 90(2): 659-673. https://doi.org/10.1007/S11192-011-0541-4

Klarin, A., How to conduct a bibliometric content analysis: Guidelines and contributions of content
co-occurrence or co-word literature reviews. International Journal of Consumer Studies, 2024,
48(2): e13031. https://doi.org/10.1111/1JCS.13031

Farr, J.V. and Brazil, D.M., Leadership Skills Development for Engineers. Engineering
Management Journal, 2009, 21(1): 3-8. https://doi.org/10.1080/10429247.2009.11431792
Aadland, T. and Aaboen, L., An entrepreneurship education taxonomy based on authenticity.
European Journal of Engineering Education, 2020, 45(5): 711-728.
https://doi.org/10.1080/03043797.2020.1732305

Azcaate, A.L.V. and Garc B, D.A., Sustainable Entrepreneurship in Higher Education: A Systemic
STEAM Approach. International Journal of Humanities Education, 2022, 20(2): 1-14.
https://doi.org/10.18848/2327-0063/CGP/\VV20102/1-14

Achtzehn, S., Treanor, L. and Amess, K., Do enterprise education competitions have gendered
outcomes amongst STEM early-career researchers? International Small Business Journal, 2023,
41(8): 801-824. https://doi.org/10.1177/02662426231158281

Paravastu, S. and Paravastu, N.S., Women Inclusivity in Entrepreneurial and STEM Related
Education—A Case Study. Entrepreneurship Education and Pedagogy, 2023, 6(1): 135-147.
https://doi.org/10.1177/25151274211033163;SUBPAGE:STRING:ABSTRACT;REQUESTEDJ
OURNAL:JOURNAL:EEXA;WEBSITE:WEBSITE:SAGE;ISSUE:ISSUE:DOI

van Uum, M.S.J., and Pepin, B., Students’ self-reported learning gains in higher engineering
education. European Journal of Engineering Education, 2023, 48(1): 42-58.
https://doi.org/10.1080/03043797.2022.2046708

Venkateswarlu, P., Establishing a ‘Centre for Engineering Experimentation and Design
Simulation’: a step towards restructuring engineering education in India. European Journal of
Engineering Education, 2017, 42(4): 349-367. https://doi.org/10.1080/03043797.2016.1158794
Loh, AP, Law, E., Putra, A.S., Koh, E., Zuea, T.K. and Tat, K.E., Innovation, Design &
Entrepreneurship in Engineering Education. Advances in Engineering Education, 2021, 9.
Boehm, R., Aggies Invent: How an Intensive Design Experience Teaches an Entrepreneurial
Mindset. Advances in Engineering Education, 2020.

Oliver, K.H., Ehrman, J.D. and Marasco, C.C., Vigilante Innovation (VIX): case study on the
development of student skills through a team-based design process and environment. International
Journal of STEM Education, 2019, 6(1): 1-15.
https://doi.org/10.1186/S40594-019-0190-3/FIGURES/5

Iborra Garc®, A., Alvarez Torres, B., S&chez, P., Pastor Franco, J.A. and Sudez, T., ICT
entrepreneurial ecosystem for engineering education. The International journal of engineering
education, 2016, 32(5): 2033-2047.

Eager, B. and Cook, E., Micro-Credentialing of Entrepreneurship Education in a Practice-Based
Undergraduate Engineering Context. Entrepreneurship Education and Pedagogy, 2020, 3(4):
352-363. https://doi.org/10.1177/2515127419890344

Duval-Couetil, N., Shartrand, A. and Reed, T., The Role of Entrepreneurship Program Models and

STEM Education Volume 6, Issue 1, 109-139



137

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Experiential Activities on Engineering Student Outcomes. Advances in Engineering Education,
2016, 5(1): n1.

Oswald Beiler, M.R., Integrating Innovation and Entrepreneurship Principles into the Civil
Engineering Curriculum. Journal of Professional Issues in Engineering Education and Practice,
2014, 141(3): 04014014. https://doi.org/10.1061/(ASCE)EI.1943-5541.0000233

Mahdi Al-Obaidi, A.S.M., CDIO Initiative: A Guarantee for Successful Accreditation of
Engineering Programmes. Indonesian Journal of Science and Technology, 2021, 6(1): 81-92.
https://doi.org/10.17509/1JOST.V611.31521

Sui, J., Hua, Z., Zhu, H. and Shen, S., Training mechanism of engineering education and
innovation talent based on courses-competitions combination. Nanotechnology for Environmental
Engineering, 2022, 7(3): 833-841. https://doi.org/10.1007/S41204-021-00198-X/METRICS
Eltanahy, M., Forawi, S. and Mansour, N., Incorporating Entrepreneurial Practices into STEM
Education: Development of Interdisciplinary E-STEM Model in High School in the United Arab
Emirates. Thinking Skills and Creativity, 2020, 37: 100697.
https://doi.org/10.1016/J.TSC.2020.100697

Eltanahy, M. and Mansour, N., Promoting UAE entrepreneurs using E-STEM model. The Journal
of Educational Research, 2022, 115(5): 273-284. https://doi.org/10.1080/00220671.2022.2124218
Kaya-Capocci, S., McCormack, O., Erduran, S. and Birdthistle, N., Exploring the impact of
positing entrepreneurship in nature of science: initial science teachers’ perspectives. Education +
Training, 2022, 64(7): 996-1017. https://doi.org/10.1108/ET-05-2021-0180

Kaya, S., Erduran, S., Birdthistle, N. and McCormack, O., Looking at the Social Aspects of Nature
of Science in Science Education Through a New Lens: The Role of Economics and
Entrepreneurship. Science and Education, 2018, 27(5): 457-478.
https://doi.org/10.1007/S11191-018-9990-Y/METRICS

Sahin, E., Sar1, U. and Sen, O.F., STEM professional development program for gifted education
teachers: STEM lesson plan design competence, self-efficacy, computational thinking and
entrepreneurial  skills.  Thinking  Skills and  Creativity, 2024, 51: 1014309.
https://doi.org/10.1016/J.TSC.2023.101439

Lin, K.Y, Yeh, Y.F,, Hsu, Y.S., Wu, J.Y,, Yang, K.L. and Wu, H.K., STEM education goals in the
twenty-first century: Teachers’ perceptions and experiences. International Journal of Technology
and Design Education, 2023, 33(2): 479-496.
https://doi.org/10.1007/S10798-022-09737-2/METRICS

Sar1, U., Celik, H., Pektas, H.M. and Yal¢in, S., Effects of STEM-focused Arduino practical
activities on problem-solving and entrepreneurship skills. Australasian Journal of Educational
Technology, 2022, 38(3): 140-154. https://doi.org/10.14742/AJET.7293

YUSUF, A.R., MARJI, M., SUTADIJI, E. and SUGANDI, M., Integration of STEM Project-Based
Learning into 21st Century Learning and Innovation Skills (4Cs) in Vocational Education Using
SEM  Model Analysis. Hacettepe  University Journal of Education, 2023.
https://doi.org/10.16986/HUJE.2023.499

Bo, Z., Research on Cultivation Scheme Based on TPB of Entrepreneurial Talents in Chinese
Local Application-Oriented Universities. Eurasia Journal of Mathematics, Science and
Technology Education, 2017, 13: 5629-5636. https://doi.org/10.12973/EURASIA.2017.01016A
Gargac, J.A., Building Entrepreneurial Mindset: Motivating Curiosity, Connections, and Creating
Value in an Assistive-Device Design Project. Journal of Biomechanical Engineering, 2024, 146.
https://doi.org/10.1115/1.4064520/1194614

STEM Education Volume 6, Issue 1, 109-139



138

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

DeWaters, J. and Kotla, B., Growing the Entrepreneurial Mindset in First Year Engineering
Students Using Socio-technical Design Challenges. International Journal of Engineering
Pedagogy (iJEP), 2023, 13: 24-49. https://doi.org/10.3991/1JEP.VV1317.41667

Wang, S., Meng, J., Xie, Y., Jiang, L., Ding, H. and Shao, X., Reference training system for
intelligent manufacturing talent education: platform construction and curriculum development.
Journal of Intelligent Manufacturing, 2023, 34(3): 1125-1164.
https://doi.org/10.1007/S10845-021-01838-4/TABLES/6

Yasin, N., Khansari, Z. and Sharif, T., Assessing the enterprising tendencies of Arab female
undergraduate engineering students in the Sultanate of Oman. Industry and Higher Education,
2020, 34(6): 429-4309. https://doi.org/10.1177/0950422220903618

Gassol, J.H., Interdisciplinary and systems thinking solutions for complex challenges: a paradigm
shift in undergraduate entrepreneurship education. Discover Education, 2025, 4(1): 295.
https://doi.org/10.1007/S44217-025-00693-2

Marquez, R., Barrios, N., Vera, R.E., Mendez, M.E., Tolosa, L., Zambrano, F., et al., A perspective
on the synergistic potential of artificial intelligence and product-based learning strategies in
biobased materials education. Education for Chemical Engineers, 2023, 44: 164-180.
https://doi.org/10.1016/J.ECE.2023.05.005

DeCoito, I. and Briona, L.K., Fostering an Entrepreneurial Mindset Through Project-Based
Learning and Digital Technologies in STEM Teacher Education. Integrated Science, 2023, 15:
195-222. https://doi.org/10.1007/978-3-031-17816-0_9

Lagrutta, R., Santarsiero, F., Carlucci, D. and Schiuma, G., Technology-enhanced learning spaces:
shaping innovation in society 5.0. Journal of Knowledge Management, 2025, 29(10): 3247-3280.
https://doi.org/10.1108/JKM-02-2024-0246

Mondragon-Estrada, E., Kirschning, 1., Nolazco-Flores, J.A. and Camacho-Zufiga, C., Fostering
digital transformation in education: technology enhanced learning from professors’ experiences in
emergency remote teaching.  Frontiers in  Education, 2023, 8: 1250461.
https://doi.org/10.3389/FEDUC.2023.1250461/BIBTEX

Dahn, M., Peppler, K.A. and Ito, M., “We hear everyday, ‘this isn’t me.”” Navigating tensions and
opportunities to translate interests toward entrepreneurial making. Frontiers in Education, 2023, 7:
1033742. https://doi.org/10.3389/FEDUC.2022.1033742/BIBTEX

Barcellos, D.S., Abade, V.A.B., Chrusciak, C.B., Machado, J.T., Dias, I.C.P., Mello, G.M.V,, et al.,
Sectoral priorities in the modernisation of engineering education in Brazil. European Journal of
Engineering Education, 2024, 49(6): 1288-13009.
https://doi.org/10.1080/03043797.2024.2405109;JOURNAL:JOURNAL:CEEE20;PAGE:STRIN
G:ARTICLE/CHAPTER.

Ralberg, K.K. and L&sten, H., The entrepreneurial university and development of large-scale
research infrastructure: exploring the emerging university function of collaboration and leadership.
The Journal of Technology Transfer, 2023, 49(1): 334-366.
https://doi.org/10.1007/S10961-023-10033-X

Owen, R., Vedanthachari, L.N. and Hussain, J., The role of the university entrepreneurial
ecosystem in entrepreneurial finance: case studies of UK innovation knowledge centres. Venture
Capital, 2024, 26(3): 351-375.
https://doi.org/10.1080/13691066.2023.2205606;WGROUP:STRING:PUBLICATION

Wang, S., Sun, Z., Wang, H., Yang, D. and Zhang, H., Enhancing student acceptance of artificial
intelligence-driven hybrid learning in business education: Interaction between self-efficacy,

STEM Education Volume 6, Issue 1, 109-139



139

playfulness, emotional engagement, and university support. The International Journal of
Management Education, 2025, 23(2): 101184. https://doi.org/10.1016/J.1IJME.2025.101184

94. Drucker, J., Reconsidering the Regional Economic Development Impacts of Higher Education
Institutions in the United States. Regional Studies, 2016, 50(7): 1185-1202.
https://doi.org/10.1080/00343404.2014.986083

95. Wang, S. and Sun, Z., Roles of artificial intelligence experience, information redundancy, and
familiarity in shaping active learning: Insights from intelligent personal assistants. Education and
Information Technologies, 2025, 30(2): 2525-2546.
https://doi.org/10.1007/S10639-024-12895-6/METRICS

96. Wang, S. and Zhang, H., Generative Al in international hotel marketing: impacts on employee
creativity and performance. International Journal of Contemporary Hospitality Management,
2025, 37: 2601-2626. https://doi.org/10.1108/1IJCHM-10-2024-1595

Author’s biography

Dr. Laurence C. Espino is a professor of entrepreneurship and business administration from
Bulacan State University, Philippines.

Dr. Camille L. Espino is a professor of science and teacher education from Bulacan State University,
Philippines.

Dr. Ronilo P. Antonio is a professor of science and teacher education from Bulacan State University,
Philippines.

Dr. Jovita E. Villanueva is a professor of teacher education from Bulacan State University,
Philippines.

Dr. Lilibeth DG. Antonio is a professor of information technology from Bulacan State University,
Philippines.

% ©2026 the Author(s), licensee by AIMS Press. This is an open
ATnvis ATMS Press  access article distributed under the terms of the Creative Commons
- Attribution License (https://creativecommons.org/licenses/by/4.0/).

STEM Education Volume 6, Issue 1, 109-139



