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Abstract

This study presents an analysis of Science, Technology, Engineering, and Mathematics (STEM) education
research in the Philippines, drawing from 251 documents published between 1959 and 2025 retrieved from
the Scopus database. Using data from the Scopus database and visualization tools such as VOSviewer,
the study explores publication trends, intellectual structures, thematic patterns, and the evolution of
research priorities over time. Results reveal a marked increase in scholarly output post-2010, peaking
in 2024, coinciding with national education reforms, the COVID-19 pandemic, and advances in digital
learning. The citation analysis shows a parallel rise in research impact, indicating increasing academic
engagement and visibility. Co-citation mapping identifies two core intellectual traditions: empirical, data-
driven methodologies centered on assessment and benchmarking, and constructivist learning theories
grounded in pedagogical foundations. Keyword co-occurrence analysis yielded five thematic clusters:
engineering education and development, student learning in digital environments, pedagogy and teacher
preparation, emerging technologies in STEM, and instructional design systems. The overlay visualization
underscores a clear thematic evolution from foundational teaching and curriculum concerns toward
digital transformation, Al integration, and learner-centered innovation. The study further highlights the
underrepresentation of regional State Universities and Colleges (SUCs), underscoring the need for more
inclusive and decentralized research development. The findings suggest that STEM education research in
the Philippines is transitioning into a mature, future-ready domain, increasingly responsive to both global
trends and localized educational needs.

Keywords: bibliometric analysis, co-citation analysis, digital learning, educational policy, STEM
education

Introduction

STEM education has become a foundation of global educational and economic agendas.
In an increasingly complex and technologically advanced world, STEM skills are non-
negotiable, critical to innovation, readiness, and resilience as a society (Tytler, 2020; Walker
& Zhu, 2013). The inclusion of STEM in national curricula is viewed as a key measure to
counter rapid developments in areas such as artificial intelligence, automation, climate science,
and data-informed decision-making (World Economic Forum, 2020). Countries that effectively
grow and sustain their STEM workforce are more competitive in the global market, better
equipped to address the immediate and evolving challenges of their time, and more resilient to
the complex pattern of economic downturns (Oliss et al., 2023).

The Philippine national government has officially acknowledged that STEM education
is crucial for national progress (Dela Cruz, 2022). Key reforms, including the K to 12 Basic
Education Program, the introduction of the Senior High School STEM strand, and the
Commission on Higher Education’s outcomes-based education policy, which emphasizes
research-based instruction, are designed to reinforce the STEM pipeline. In addition, agencies
such as the Department of Science and Technology, via the Science Education Institute, and the
Philippine Council for Industry, Energy, and Emerging Technology Research and Development,
continue to back STEM scholarships, professional development, and the enhancement of labs
and facilities.
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Despite the efforts to revamp STEM education, the country still has staggering obstacles
to surmount. In the most recent Programme for International Student Assessment (PISA) 2022,
the Philippines ranked significantly below the Organisation for Economic Co-operation and
Development (OECD) average across mathematics, reading, and science, with only a minority
of students reaching minimum proficiency levels (P1S4 2022 Results (Volume I and 11) - Country
Notes: Philippines, 2023). These results highlight persistent challenges in STEM education and
underscore the urgency of strengthening science and mathematics teaching in the country. To
make matters worse, a report on learning poverty by the World Bank’s Human Capital Index
(HCI) indicates that more than 90% of 10-year-old Filipino children cannot read and understand
a simple text (Cimene et al., 2024). This problem in literacy limits students’ capacity to read and
engage with STEM content, which is highly reliant on language, but also conceptually difficult.

Equity in STEM education is also a significant concern. Geographic inequities in
resources, quality teachers, and technological infrastructure leave rural and underserved
students at a disadvantage (Reimagining Our Futures Together: A New Social Contract for
Education, 2021). Elite urban institutions have led educational innovation and research, while
many State Universities and Colleges (SUCs) and regional institutions are often absent from
both national conversation and research publication (Armas, 2025; Lunag et al., 2024). The
Philippine STEM education ecosystem will not reach its fullest potential without closing this
gap in research and participation. While research related to STEM has been rapidly expanding,
much less is known about the trajectory of this research over time, the intellectual and thematic
patterns of the research, and how the research responds to and interacts with both national
policy directions and global educational changes (Sahito & Wassan, 2024).

Most of the current reviews in STEM education are largely at the instruction or curriculum
level and do not orient themselves at the macrosystem level to understand the trends of the field
as a whole. In particular, there is a dearth of evidence on how STEM research in the Philippines
has been responsive to global disruptions such as the pandemic of COVID-19, the physics of
online learning platforms, and the increasing importance of artificial intelligence in education
(Reyes et al., 2021). In order to fill these gaps, this study employs bibliometric analysis of
STEM education research in the Philippines for the 66-year period (1959-2025).

This study has aimed to fill these gaps by conducting a bibliometric analysis to track the
development of STEM education research in the Philippines over a period of 66 years (1959—
2025). Through data from the Scopus database and visualized with VOSviewer, publication types
and dataflow of research will be mapped, analyze the structures of the intellectual landscape
in STEM education research, thematically cluster the field, and chronologically represent
the shifts in research focus. Co-citation and co-keyword analysis will investigate the field’s
dominant themes, prominent works, and emerging focal areas. Beyond offering a historical and
intellectual mapping of STEM education research, this study has generated important findings
for policymakers, educators, and researchers to understand STEM education scholarship and
help achieve more equitable, innovative, and future-oriented research trajectories.

Using data retrieved from the Scopus database and visualized through VOSviewer, the
study maps publication trends, intellectual structures, thematic clusters, and the evolution of
research focus areas. Through co-citation and keyword co-occurrence analysis, it identifies the
dominant themes, influential works, and emerging areas of inquiry that define the field. This
study not only offers a historical and intellectual overview but also surfaces critical insights for
policymakers, educators, and researchers who seek to understand the current state of STEM
education scholarship and chart pathways for more equitable, innovative, and future-oriented
research.
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Research Questions

1. What are the publication trends, institutional contributors, and funding sources
shaping STEM education research in the Philippines from 1959 to 2025?

2. What are the foundational works and intellectual structures that underpin STEM
education research in the Philippines based on co-citation patterns?

3. What are the dominant themes and emerging research trends in STEM education in
the Philippines, as revealed through keyword co-occurrence?

4. How have the themes and focus areas on STEM education research in the Philippines
evolved over time?

Research Methodology
Bibliometric Analysis

This study employed a bibliometric analysis as the primary research method to
systematically examine the scholarly landscape of STEM education research in the Philippines.
Bibliometric analysis is a quantitative approach used to evaluate the structure, trends, and
patterns within a body of academic literature (Passas, 2024). It enables researchers to identify
influential themes, frequently occurring keywords, collaborative networks, and emerging areas
of inquiry. Data for the study were sourced from Scopus, covering publications in STEM
education in the context of the Philippines. Suitable relevant keywords and Boolean search
strings were used to find documents meeting the inclusion criteria. The retrieved data were
processed and visualized with VOSviewer (version 1.6.20), a software used for constructing
and visualizing bibliometric networks. Specifically, a keyword co-occurrence analysis was
performed to illustrate conceptual structures and thematic clusters in the literature. The analysis
involved normalizing author keywords and clustering the keywords to create research themes
through frequency and strength of co-occurrence. This allowed a better understanding of the
intellectual landscape in this area and determined the core topics that surround STEM education
research in the Philippines.

Search Strategy and Data Collection

A structured search strategy was developed to identify the scope of scholarly output
regarding STEM education in the Philippines. The search query included the following Boolean
search string: (“STEM education” OR “science education” OR “technology education” OR
“engineering education” OR “mathematics education”) AND (“Philippines”). The combination
of keywords ensured that literature describing STEM as an integrated field, as well as literature
describing each of the components of STEM individually, was included. The search was
accomplished using the Scopus database and included articles published between 1959 and
2025; the earliest document retrieved was published in 1959. A total of 251 documents satisfied
the inclusion criteria and could be included in the analysis. Citation analyses for 2024-2025
are considered provisional, with robust impact measures restricted to publications up to 2023.

No restrictions were imposed on document type or source, allowing for an extensive
collection of journal articles, conference proceedings, book chapters, and reviews. Works that
referenced the Philippines in the title, abstract, or keywords were included to ensure that the
geographic reference was of relevance to the study. The metadata included (e.g., author names,
publication years, titles, abstracts, keywords, source journals) were exported and imported
into VOSviewer software for further analysis. This data subsequently required, allowed for
bibliometric mapping and keyword co-occurrence analysis.
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Analytical Techniques

To comprehensively examine the intellectual landscape, structural dynamics, and
thematic evolution of STEM education research in the Philippines over the past six decades,
this study employed a suite of bibliometric indicators and science mapping techniques. Citation
analysis served as the foundational method for evaluating scholarly impact by identifying
the most influential publications, authors, and journals that have shaped the field, while also
revealing the intellectual anchors guiding discourse in STEM education (Zupic & Cater,
2015). To uncover the intellectual structure, co-citation analysis was conducted to examine how
frequently pairs of documents were cited together, allowing the identification of conceptual
linkages, theoretical foundations, and evolving schools of thought within the literature
(Surwase et al., 2012). Complementing this, co-word analysis provided a semantic perspective
by mapping the frequency and co-occurrence of keywords, which helped identify recurring
concepts, emerging topics, and research priorities in areas such as engineering education, digital
pedagogy, and teacher development (Khasseh et al., 2020). Lastly, thematic evolution analysis
traced how research topics have emerged, transformed, or declined across distinct publication
periods, offering insights into how STEM education research in the Philippines has evolved in
response to educational reforms, technological advances, and global developments. Together,
these techniques offered a comprehensive and multidimensional understanding of the field’s
knowledge base, thematic progression, and future research trajectories.

Research Results
Descriptive Analysis

Figure 1 illustrates the distribution of Scopus-indexed journal articles on STEM
education published between 1959 and 2025.

Figure 1
Scopus Journal Article from 1959-2025 on STEM Education
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The temporal classification of documents published between 1959 and 2025 also shows
an upward trend in publications about STEM education research in the Philippines. For several
decades, from 1959 through the early 2000s, the volume of published work remained relatively
low and steady, with typically zero to three documents recorded per year. A gradual increase
is observable, beginning in the early 2000s, with a more noticeable rise from 2010 onwards.
The most dramatic growth occurred after 2018, with annual publication counts surging into
double digits. Notably, the peak was recorded in 2025 with nearly 40 documents, marking
the highest number of outputs in a single year. While 2025 shows a slight dip likely due to
incomplete data at the time of analysis, the trend strongly indicates a growing scholarly interest
in STEM education, driven by developments in digital learning, national educational reforms,
and increased research capacity within Philippine institutions (Saro et al., 2023)

Figure 2 presents the citation overview of Scopus-indexed STEM education publications
from 1959 to 2025.

Figure 2
Citation Overview
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The citation overview for STEM education research in the Philippines, covering the
period from 2015 to 2025, includes a total of 152 documents, which have collectively received
1,260 citations and achieved an h-index of 16. The graph demonstrates a clear upward trend
in both research productivity and citation impact over the last decade. From 2015 to 2018, the
number of publications remained relatively low, averaging fewer than 10 documents per year,
with minimal citation activity. A significant turning point occurred in 2019, with a notable
increase in publications (over 20 documents), followed by a consistent rise through 2021
and 2022. Citation counts also began to increase steadily from 2019, mirroring the growth
in scholarly output. The year 2024 stands out as the peak, recording the highest number of
documents (close to 40) and the most citations in a single year, exceeding 300 citations. This
surge likely reflects the impact of recent developments in education, particularly the integration
of technology in learning environments, and research responding to COVID-19 disruptions
and digital transformation. A slight drop is observed in 2025, both in publication count and
citations. This is likely due to the year still being in progress at the time of data extraction,
and many newly published works not yet accumulating citations. Overall, the trend indicates
accelerating momentum and growing influence of STEM education research in the Philippines,
driven by policy reforms, technological advancements, and increased institutional investment
in scholarly work.

Table 1 shows the distribution of Scopus-indexed STEM education journal articles
according to subject area.
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Table 1
Scopus Journal Articles by Subject Area

Discipline/Field Percentage (%)

Social Sciences 31.4
Computer Science 17.5
Engineering 14.8
Other 1.6
Decision Sciences 55

Mathematics 5.1

Business, Management 3.6
Psychology 3.0
Arts and Humanities 25
Environmental Science 25
Physics and Astronomy 25

The distribution of documents by subject area reveals a multidisciplinary orientation in
STEM education research in the Philippines. The Social Sciences dominate the field, accounting
for 31.4% of the total publications, highlighting the prominence of educational, behavioral,
and societal aspects in STEM research. This is followed by Computer Science (17.5%) and
Engineering (14.8%), both of which reflect the technical and applied dimensions of the field.
Other notable contributions come from Decision Sciences (5.5%), Mathematics (5.1%),
and Business Management (3.6%), suggesting intersections between quantitative analysis,
organizational strategies, and curriculum development. Less represented but still relevant are
areas such as Psychology (3.0%), Arts and Humanities (2.5%), Environmental Science (2.5%),
and Physics and Astronomy (2.5%). The “Other” category accounts for 11.6%, indicating a
variety of niche or interdisciplinary studies. Overall, the data reflect a robust integration of
both technical and human-centered disciplines in advancing STEM education research across
Philippine academic institutions.

Figure 3 displays the distribution of Scopus-indexed STEM education journal articles
categorized by author affiliation.
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Figure 3
Scopus Journal Article Related to STEM Education by Affiliation
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An analysis of the main institutional affiliations of published evidence related to
STEM education research in the Philippines shows De La Salle University with the highest
number of documents (28 publications) and strong output for STEM Education research. It is
followed by the University of the Philippines Diliman and Ateneo de Manila University with
18 documents and 17 documents, respectively, both of which are leading research universities
in the country. Mapua University and the National University of the Philippines each had
10 documents, indicating their involvement in engineering and technological education.
Some other institutions had between four and six documents: University of the Philippines
(system level), President Ramon Magsaysay State University, Central Luzon State University,
Technological University of the Philippines, and Advanced Science and Technology Institute.
This distribution shows there is a considerable level of participation from national and regional
institutions in contributing to the areas of STEM Education research, although the majority of
output is focused on the established universities in Metro Manila.

Figure 4 illustrates the distribution of Scopus-indexed STEM education journal articles
by funding sponsor.

Figure 4
Scopus Journal Article on STEM Education by Funding Sponsor
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The description of the sources funding STEM education research in the Philippines
reveals that government sources and other higher education institutions had a pivotal role in
research development (Lunag et al., 2024). The national government and academic institutions
are arguably the most significant sources of sponsorship, with the Department of Science
and Technology (DOST) being the most prominent. DOST supported nine documents, and
the award for the second most prominent sponsor goes to the Philippine Council for Industry,
Energy, and Emerging Technology Research and Development (PCIEERD) with six documents.
Both agencies are the leading organizations related to the advancement of the country’s
research agenda for science and technology. The next in line were the Commission on Higher
Education (CHED) and the University of the Philippines, with five documents each. These four
sponsoring organizations demonstrate the commitment to developing higher education research
in the Philippines by funding STEM education research. Funders that supported three to four
documents included the Department of Science and Technology-Science Education Institute
(DOST-SEI), Institute of Education Sciences, and the Ministry of Education, Culture, Sports,
Science and Technology. Institutional sponsors supportive of STEM education research include
one with two documents and the other with two documents, Bicol University and De La Salle
University, respectively. These results highlight the significant role of our national institutions
and leading universities in sustaining STEM education research by providing support funding.

Figure 5 presents the co-citation analysis, mapping the influential literature and scholarly
connections that have shaped the field of STEM education.

Figure 5
Co-citation Analysis of Literature on STEM Education
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The co-citation analysis of literature on STEM education in the Philippines yielded a total
of 29 cited items, which were grouped into two distinct clusters. The visualization generated
by VOSviewer shows these clusters represented in red and green. Cluster 1 (Red) consists of
20 items and includes authors and works primarily focused on statistical analysis, educational
measurement, and large-scale assessment. Prominent entries in this cluster include Cohen J.
(noted for work on statistical power), Buoncristiani M., and Taasoobshirazi G. H.. Documents
related to PISA 2018 assessment results and related analyses are also central to this cluster.
Cluster 2 (Green) comprises nine items and contains foundational theoretical and pedagogical
works. Key items in this cluster include Vygotsky L. S. (Mind in Society), Bransford J. D., and
Brown A. L., which focus on cognitive development, sociocultural learning, and instructional
improvement. A total of 211 links and total link strength of 378 were recorded, indicating
the co-citation strength among the items. The network also shows inter-cluster connections,
particularly between Vygotsky’s work and several authors from both clusters, suggesting points
of convergence between empirical and theoretical domains.
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Co-occurrence

A co-word analysis was conducted to identify prominent themes and relationships
among keywords within the STEM education research corpus. Out of a total of 1,560 keywords,
57 met the threshold of at least four occurrences, forming five distinct clusters that represent
major areas of focus in the field. The keyword “engineering education” emerged as the most
dominant, appearing 88 times and achieving the highest total link strength of 291, signifying its
central role in STEM education discourse in the Philippines. This was followed by “ students”
(58 occurrences, 254 total link strength), “Philippines” (72, 217), and other pedagogically
significant terms such as “teaching”, “curricula”, and “education computing”. The inclusion
of digital learning-related terms like “e-learning”, “online learning”, and “Covid-19” indicates
a responsive shift in research priorities due to the pandemic’s impact on education delivery.
Additionally, concepts such as “science education”, “teachers”, “integration”, and “developing
countries” suggest an increasing interest in both systemic and instructional aspects of STEM,
particularly in the local and regional development contexts. These high-frequency keywords and
their link strengths underscore the interconnected nature of research themes in Philippine STEM
education, with a clear emphasis on innovation, inclusivity, and adaptation to technological and
societal changes.

Table 2 displays the top 15 keywords generated from the co-occurrence analysis,
reflecting the most prominent research topics and focal areas in STEM education.

Table 2
Ranking Keyword Occurrences Total link strength

Ranking Keyword Occurrences Total link strength
1 Engineering education 88 291
2 Students 58 254
3 Philippines 72 217
4 Teaching 23 111
5 e-learning 20 82
6 Curricula 20 80
7 Education computing 16 75
8 Education 20 70
9 Science education 31 48
10 Teachers’ 9 48
" Online learning 9 33
12 Covid-19 8 32
13 Developing countries 8 30
14 Higher education 6 30
15 Integration 6 29

The co-occurrence analysis identifies key themes and conceptual linkages in STEM
education research in the Philippines by examining the frequency and relationships between
keywords in the literature. Using VOSviewer, a total of 57 keywords were analyzed and
organized into five distinct thematic clusters, each visually represented by color. The size of
the nodes corresponds to the frequency of keyword occurrence, while the thickness of the lines
(links) indicates the strength of co-occurrence relationships.
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Figure 6 illustrates the co-occurrence analysis, highlighting the key themes and
conceptual linkages that define the research landscape in STEM education.

Figure 6
Co-occurrence Identified Key Themes and Conceptual Linkages in STEM Education
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Cluster 1: Engineering Education and National Development (Red Cluster)

This cluster, prominently marked in red, positions “engineering education” and
“Philippines” as central themes in STEM education research. Closely associated terms such as
“science and technology”, “technology education”, “engineering program”, and “sustainable
development” underscore the national emphasis on engineering as a driver for innovation
and socio-economic growth. The frequent co-occurrence of “higher education institutions”,
“societies and institutions”, and “accreditation” suggests that much of the literature is focused
on institutional capacity-building, policy frameworks, and program development. This reflects
a strong alignment between STEM education, particularly in engineering, and the country’s

broader development goals.
Cluster 2: Student Learning and Online Education (Purple Cluster)

The purple cluster encapsulates themes related to the digital transformation of learning,
particularly in the context of the COVID-19 pandemic. Keywords such as “students”,
“e-learning”, “online learning”, “learning systems”, and “educational technology” indicate
a significant focus on how students navigate remote and hybrid learning environments. The
inclusion of “self-efficacy”, “surveys”, and “learning experiences” reflects a growing body of
research evaluating learners’ perceptions, motivation, and engagement in technology-mediated
instruction. This cluster highlights a critical shift in Philippine STEM education, where student

adaptability and digital readiness have become central concerns.
Cluster 3: Pedagogy, Curriculum, and Teacher Preparation (Green Cluster)

The green cluster shows academic work relating to teaching practices, curriculum
development, and teacher education. The cluster includes terms like “teaching”, “teachers”,
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“curricula”, “science education”, “mathematics education”, and “conceptual understanding”,
and indicates a focus on educators effectively delivering content when using STEM. Emerging
terms like “prospective teachers”, “higher education”, and the inclusion of all 28 papers related
to a “teacher preparation program” suggest this literature is primarily concerned with pre-
service teacher preparation programs. This cluster illustrates how foundational knowledge
and pedagogical approaches in science and math underpin the STEM education system in the
Philippines (Tafiedo et al., 2024).

Cluster 4: Emerging Technologies in STEM Education (Yellow Cluster)

In yellow, this cluster presents a new perspective in the literature with keywords that
include “artificial intelligence”, “augmented reality”, “machine learning”, and “technology
adoption”. Their usage indicates an emergent research interest in studying how advanced
technologies can foster new ways to teach and learn. The presence of “adversarial machine
learning”, “federated learning”, and “contrastive learning” suggests that some studies are
exploring highly technical innovations that are still in early stages of adoption in Philippine
classrooms. While this cluster is less dense, it signals future directions for STEM education

research aligned with Industry 4.0 and digital transformation trends.
Cluster 5: Systems Integration and Instructional Design (Blue Cluster)

The blue cluster centers on the implementation and support structures behind STEM
education. Keywords such as “integration”, “computer-aided instruction”, “educational
technology”, and “personnel training” point to efforts in embedding digital tools into educational
systems and preparing educators for their use. The appearance of “learning experiences”,
“perception”, and “professional aspects” suggests that researchers are examining both the
technical and human elements of instructional design. This cluster highlights the importance
of holistic system readiness, including infrastructure, training, and perception for the effective
integration of STEM innovations in educational practice.

Table 3 presents the results of the co-occurrence analysis, outlining the key themes and
conceptual linkages that structure the research landscape in STEM education.

Table 3
Co-occurrence Identified Key Themes and Conceptual Linkages in STEM Education

Cluster no. Cluster label Number of Representative keywords
and color keywords
Engineering Education and science and technology”, “technology education”,
1 (Red) ) 13 o ” “ - »
National Development engineering program”, and “sustainable development
. ) “students”, “e-learning”, “online learning”, “learning
2 (Purple) Student Learmng and Online 12 systems”, and “educational technology” self-efficacy”,
Education « ” amrmi : ”
surveys”, and “learning experiences
3 (Green) Pedagogy, Curriculum, and 12 “teaching”, “teachers”, “curricula”, “science education”,
Teacher Preparation “mathematics education”, and “conceptual understanding’,
Emerging Technologies in artificial intelligence”, “augmented reality”, “machine
4 (Yellow) STEM Education (Yellow 10 learning”, and “technology adoption”. “adversarial machine
Cluster learning”, “federated learning”, and “contrastive learning
Systems Integra.t lon and as “integration”, “computer-aided instruction”, “educational
Instructional Design (Blue ) . S .
5 (Blue) 10 technology”, and “personnel training” learning

Cluster)

experiences”, “perception”, and “professional aspects”
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Figure 7 shows the overlay visualization of keyword co-occurrence in STEM education
research in the Philippines (1959-2025), illustrating the temporal evolution and emerging
trends in the field.

Figure 7
Overlay Visualization of Keyword Co-occurrence in STEM Education Research in the
Philippines (1959-2025).
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Node color represents the average publication year of the keyword. Yellow nodes indicate more
recent themes, while blue/green represent earlier themes.

The overlay visualization of keyword co-occurrence in STEM education research in
the Philippines reveals a clear thematic evolution over time. Earlier research, indicated in
blue to green tones, focused heavily on foundational topics such as “engineering education,”
“curricula,” “teaching,” “higher education,” and “science education.” These terms cluster around
institutional development and pedagogical structures, reflecting the country’s initial focus on
building STEM capacity within formal education systems. In contrast, keywords in yellow
represent more recent and emerging themes, particularly from 2020 onward. These include
“e-learning,” “online learning,” “educational technology,” “COVID-19,” and more cutting-edge
topics like “artificial intelligence,” “machine learning,” “augmented reality,” and “technology
adoption.” This paradigm shift indicates an increased interest in digitally mediated learning
environments and emerging technologies, partly instigated by the COVID-19 pandemic, and
the general move to integrate Industry 4.0 in education. The due equation of old and emerging
themes that connect to “students,” “learning systems,” and “integration” represented the cyclical
emergence from teacher-centered, traditional learning, towards innovative, technologically
supported, and student-centered instruction in Philippine STEM education. This thematic
trajectory demonstrates the increasing response of the research community to technological,
pedagogical, and societal change, and not just a diversification of STEM education research
interests.
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Discussion

The evolution of STEM education research in the Philippines over the past six decades
reflects a broader global narrative: one where educational priorities shift from basic capacity-
building toward innovation, equity, and future-readiness. This transformation signifies more
than just changing priorities, but it reflects a profound reimagining of the purposes of education
and the approaches through which it is designed, delivered, and assessed (Custodio, 2025).
The marked rise in scholarly output from the early 2010s onward coincides with structural
reforms, such as the implementation of the K to 12 curriculum and the Commission on Higher
Education’s outcomes-based education policy, that redefined the goals and scope of education in
the country. These policy milestones echo international movements emphasizing competency-
based learning and research-informed practice (OECD, 2023; UNESCO, 2021). They signaled
a paradigm shift in Philippine higher education from content transmission to learner-centered,
skills-oriented pedagogy, driving demand for empirical evidence to guide curriculum design,
instructional innovation, and teacher professional development (Rege Colet, 2017).

The COVID-19 pandemic further accelerated this momentum by exposing systemic
vulnerabilities and catalyzing rapid transformation across the educational landscape. Much like
global counterparts, Filipino researchers responded with intensified focus on digital pedagogy,
student engagement, and technology-mediated instruction (Holmes et al., 2022; Tanucan et
al., 2021; Mercado & Ayala, 2024; UNESCO, 2022). The surge in publications and citations
post-2019 reflects a broader reorientation of research priorities in response to unprecedented
disruptions, aligning with global patterns observed in countries like South Korea, Singapore, and
Finland, where research agendas similarly pivoted toward digital resilience, remote learning,
and inclusive access (OECD, 2022). This responsiveness illustrates not only the growing
maturity of STEM education research in the Philippines but also its increasing integration into
global discourses on educational transformation.

Despite this progress, the unevenness in institutional participation highlights persistent
structural inequities. The concentration of research output among elite universities such as
De La Salle University, the University of the Philippines, and Ateneo de Manila University
mirrors a pattern seen in many developing countries, where research ecosystems are heavily
centralized in metropolitan or flagship institutions (Altbach & Salmi, 2016). This imbalance
limits the diversity of perspectives and contextual insights, particularly from State Universities
and Colleges (SUCs) serving rural and underserved regions. Without deliberate policy
interventions, including equitable funding distribution, targeted capacity-building programs,
and mentorship networks, the national research agenda risks perpetuating regional disparities
rather than addressing them (Lee & Kuzhabekova, 2019; Quitoras & Abuso, 2021; World Bank,
2023).

The co-citation analysis reveals a dual intellectual structure underpinning STEM
education research in the Philippines: one grounded in empirical, data-driven methodologies and
another rooted in constructivist and sociocultural theories of learning. The prominence of large-
scale assessment research, including studies referencing PISA and statistical power analyses
(Cohen, 2013), illustrates a national preoccupation with global benchmarking and comparative
performance. This reflects a strategic policy imperative: participation in international
assessments offers valuable diagnostic insights into systemic weaknesses and informs reforms
aimed at improving educational quality and competitiveness (OECD, 2023). However, this
empirical orientation is increasingly complemented by a parallel body of scholarship drawing
from foundational educational theorists such as Vygotsky (1978), Bransford et al. (1999),
and Dewey, which emphasizes the social, cognitive, and experiential dimensions of learning.
These theoretical perspectives, long central to global STEM education discourse, foreground
the importance of context, collaboration, and meaning-making in shaping learner outcomes
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(Bruner, 1996; Sawyer, 2014). The coexistence of these two strands suggests a maturing
research ecosystem that values both measurement and meaning, outcome and process. As
scholars integrate assessment-focused methodologies with theory-driven inquiry, Philippine
STEM research becomes better positioned to inform not just policy and standards but also
pedagogy and practice (Morales et al., 2022; Nivera et al., 2021)

This synthesis also reflects a growing alignment with contemporary educational
paradigms such as inquiry-based learning, problem-based instruction, and design thinking,
which are approaches that are widely endorsed in international research for their potential
to cultivate higher-order thinking, creativity, and innovation (Bybee, 2013; OECD, 2022).
By grounding empirical findings within these theoretical frameworks, researchers can more
effectively address enduring challenges in STEM education, such as low student engagement,
fragmented curricula, and disparities in achievement.

The co-occurrence analysis underscores a thematic evolution in Philippine STEM
research that mirrors global trends, with five major clusters reflecting the field’s complexity
and dynamism. The first and most dominant cluster, engineering education and national
development, reflects the long-standing recognition of STEM as a driver of economic growth,
innovation, and competitiveness (National Economic and Development Authority, 2023; World
Economic Forum, 2020). Terms such as “sustainable development,” “technology education,”
and “accreditation” point to research that interrogates how higher education institutions
can better align curricula with labor market demands, industrial needs, and the Sustainable
Development Goals (SDGs). This focus resonates with the global emphasis on STEM as an
engine for addressing pressing societal challenges, from climate change to digital transformation
(UNESCO, 2021; European Commission, 2023).

The second major theme, student learning in digital environments, reflects a significant
pedagogical shift toward learner-centered, technology-enhanced instruction. The prominence
of terms like “e-learning,” “self-efficacy,” and “learning experiences” highlights a growing
research interest in the cognitive, affective, and behavioral dimensions of online learning, which
is a trend consistent with international scholarship exploring the impact of digital technologies
on student motivation, agency, and outcomes (Zawacki-Richter et al., 2021). Moreover, this
thematic focus aligns with sociocultural learning theories that emphasize the centrality of
interaction, collaboration, and social presence in digital spaces (Garrison & Anderson, 2011).
Filipino research studies in this domain contribute valuable insights into how digital inequities,
including disparities in access, digital literacy, and support, shape learners’ experiences in
technology-mediated contexts (Reyes & Grajo, 2021).

Teacher preparation and pedagogical design emerge as another persistent theme,
underscoring the critical role of educators in the success of STEM reforms. Despite ongoing
reforms, challenges in teacher quality, particularly in under-resourced contexts, remain a
significant barrier to STEM advancement (World Bank, 2023). Global research consistently
emphasizes that effective STEM education depends not only on content expertise but also on
pedagogical content knowledge (PCK), reflective practice, and adaptive teaching strategies
(Shulman, 1986; Darling-Hammond et al., 2020). Philippine scholarship contributes to this
conversation by examining how teacher education programs can better integrate inquiry-based
instruction, interdisciplinary approaches, and digital pedagogies into pre-service and in-service
training (Abella & Rosa, 2023; Antonio & Prudente, 2025; Ocampo, 2021).

The final two clusters, emerging technologies and instructional design systems, represent
the frontier of STEM education research. The increasing frequency of terms like “artificial
intelligence,” “augmented reality,” and “machine learning” reflects a global shift toward
integrating Industry 4.0 technologies into educational practice (Luckin et al., 2016; Holmes
et al., 2022). These studies are often exploratory, signaling a nascent but rapidly expanding
field of inquiry that seeks to harness emerging technologies to personalize learning, automate
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assessment, and foster creativity. Simultaneously, research on systems integration, institutional
readiness, and faculty development points to the infrastructural and organizational challenges that
must be addressed to support sustainable technology adoption (Gayon & Tan, 2021). Together,
these themes reveal a research agenda that is increasingly future-focused, interdisciplinary, and
aligned with broader global innovation trajectories.

The thematic and intellectual patterns identified in this study demonstrate that Philippine
STEM education research is increasingly converging with global trends; however, it also
exhibits distinctive characteristics shaped by local contexts. Like many countries in the Global
South, the Philippines grapples with persistent disparities in educational quality, access, and
outcomes. These structural challenges shape the research agenda, pushing scholars to explore
issues such as equity, regional capacity-building, and socio-economic barriers to STEM
participation, which are themes that are less prominent in high-income contexts but critical to
advancing the global education agenda (UNESCO, 2021; World Bank, 2023).

At the same time, Philippine scholarship is contributing unique perspectives to global
conversations, particularly in areas such as digital equity, culturally responsive pedagogy,
and education in low-resource settings (Cruz et al., 2025; Rodriguez et al., 2025). These
contributions enrich the global knowledge base by offering contextually grounded insights that
can inform policy and practice in similarly situated countries across Southeast Asia, Africa,
and Latin America (Reyes & Grajo, 2021). Furthermore, the increasing engagement of Filipino
researchers with emerging technologies reflects a strategic alignment with international priorities
for education in the Fourth Industrial Revolution, including the development of computational
thinking, data literacy, and ethical Al literacy (Holmes et al., 2022; UNESCO, 2023).

Limitations and Future Research Directions

This study offers valuable insights into the trajectory of STEM education research in the
Philippines, but several limitations must be acknowledged. First, the analysis was limited to
Scopus-indexed publications. Future bibliometric studies should expand their scope to include
a broader range of sources to provide a more comprehensive view of the national research
landscape. Second, the reliance on author keywords as the main unit of analysis introduces
variability due to inconsistent terminology and typographical differences. Future studies could
employ advanced approaches such as natural language processing (NLP) and text mining
to improve the precision of thematic mapping and reveal deeper conceptual relationships
(Zawacki-Richter et al., 2021). Additionally, the citation analysis may underestimate the long-
term impact of recent publications (2024—2025), which have not yet accumulated substantial
citations. Longitudinal tracking of citation trajectories can offer a more accurate picture of
evolving research influence. While bibliometric techniques reveal structural patterns, they
do not measure research quality, classroom application, or societal impact. Future work
should therefore integrate complementary methodologies such as qualitative meta-syntheses,
systematic reviews, and case studies to better understand how STEM education research
informs pedagogy, policy, and learner outcomes (Darling-Hammond et al., 2020).

Looking ahead, sustaining the momentum of STEM education research will require
moving beyond descriptive analyses toward critical, transformative inquiries. Future research
should examine structural inequities, cultural contexts, and ethical considerations surrounding
emerging technologies (Floridi & Cowls, 2022). Interdisciplinary collaboration, involving
fields such as data science, psychology, sociology, and economics, will be crucial in designing
holistic solutions to complex global challenges such as climate change, sustainability, and
artificial intelligence (Bybee, 2013; OECD, 2022). Moreover, integrating indigenous knowledge
systems, cultural epistemologies, and community-based perspectives into STEM education
can enhance curriculum relevance and inclusivity (UNESCO, 2023). Comparative research
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across Southeast Asian contexts can also situate Philippine scholarship within regional and
global dynamics, fostering knowledge exchange and collaborative innovation. Finally, future
studies should critically explore the ethical and societal implications of integrating advanced
technologies like Al and biotechnology into education. Ensuring that these tools promote
equity and inclusion, rather than reinforcing existing disparities, is vital to building a more
just and future-ready STEM ecosystem (Holmes et al., 2022). By addressing these limitations
and pursuing these directions, future research can move beyond mapping trends to shaping
transformative practices, contributing not only to national educational reform but also to the
broader global discourse on inclusive, innovative, and sustainable STEM education.

Conclusions and Implications

This six-decade bibliometric analysis reveals that STEM education research in the
Philippines has transformed from modest beginnings into a dynamic and strategically
significant field shaped by national reforms, global disruptions, and technological advancement.
Key education policies such as the implementation of the K to 12 curriculum and CHED’s
outcomes-based education framework have fueled steady growth in scholarly activity, while
the COVID-19 pandemic further accelerated research focused on digital pedagogy, student
engagement, and technology-mediated learning. These developments signal a maturing research
ecosystem that is increasingly responsive to both local educational needs and global trends. The
intellectual structure of the field reflects a productive synthesis between empirical, data-driven
approaches, aligned with global benchmarking and assessment frameworks, and theoretically
grounded perspectives rooted in constructivist and sociocultural learning theories. This dual
orientation enhances the credibility and applicability of STEM research, allowing it to inform
national policies while enriching classroom practices. Thematic analyses also demonstrate the
field’s capacity to evolve, with growing attention to engineering education, teacher preparation,
and advanced technologies such as artificial intelligence and machine learning. However,
persistent disparities, particularly the underrepresentation of State Universities and Colleges
(SUCs), highlight the need for more equitable research capacity-building initiatives and funding
mechanisms to ensure that scholarship reflects diverse contexts and informs inclusive policy
development. These findings underscore the importance of sustained investments in research
infrastructure, especially in under-resourced regions, as well as the integration of pedagogical
theory and technological competence in teacher education programs. Moreover, interdisciplinary
collaborations should be fostered to bridge empirical and theoretical approaches and to explore
the ethical, social, and practical implications of emerging technologies. Future research should
investigate how Industry 4.0 technologies, such as Al and data science, can be meaningfully
embedded in STEM curricula without displacing foundational skills, while also exploring
how localized pedagogical practices and indigenous knowledge systems can enhance global
relevance. Ultimately, STEM education research in the Philippines is no longer peripheral; it
has become a vital, forward-looking field that contributes to national development priorities
and enriches global conversations on equity, innovation, and the future of learning.
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