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Abstract. Technology literacy is a crucial competency in addressing digital
transformation and the challenges of 21st-century learning. This study aims to
analyze research trends in technology literacy within the field of education,
particularly in STEM learning, through a bibliometric approach using
VOSviewer. Data were collected from international publication databases for the
period 2021–2025 using the keywords technology literacy, digital literacy, and
STEM education. The analysis identified five main research clusters: (1) effects
and impacts (effect, impact, relationship), (2) learning contexts and student
engagement (student engagement, experience, perception), (3) digital adoption
and mechanisms (adoption, tool, competency, mechanism), (4) sustainability and
management (sustainability, management, industry), and (5) emerging
technological innovations (virtual reality, healthcare, engineering, artificial
intelligence). The findings indicate that technology literacy is not only associated
with pedagogical practices and student learning in STEM but also extends to
sustainability, industry, and advanced technologies. This broader scope
highlights the novelty of this study, showing how technology literacy connects
education with global technological advancements. The study provides valuable
insights for academics and practitioners in developing adaptive and future-
oriented learning strategies aligned with educational needs and technological
change.
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INTRODUCTION

The advancement of digital technology has brought significant changes to the paradigm of 21st-
century learning. In this context, technology literacy has become one of the essential skills, not only
for students but also for educators and the workforce (Nguyen, 2022). Technology literacy extends
beyond the ability to operate digital devices; it also encompasses critical, ethical, and innovative
thinking skills in utilizing technology (Hsiao, 2021). These competencies align with the Sustainable
Development Goals (SDGs), particularly SDG 4, which emphasizes quality education (UNESCO,
2021).

As the role of technology in education and industry continues to grow, studies on the
development of technology literacy have become increasingly important. Bibliometric analysis can be
employed to map research trends, conceptual interconnections, and emerging topics (Khine, 2019).
Using VOSviewer software, keyword co-occurrence analysis can reveal the structure and dynamics of
technology literacy research comprehensively (Van, 2020).
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Previous studies have mostly examined technology literacy from a pedagogical perspective,
such as students’ digital skills, engagement in learning, and the adoption of digital tools (Quigley,
2020; Widya, 2019). However, research exploring the broader landscape of technology literacy,
including its relevance to sustainability, industry, and the integration of advanced technologies such as
artificial intelligence and virtual reality remains limited (Olivato, 2023; Syamsudin, 2023). In addition,
regional studies in Southeast Asia highlight that challenges such as unequal access, limited teacher
readiness, and policy implementation gaps significantly affect the development of technology literacy
(Suwarto, 2022; Rahman, 2023). These findings indicate the need for research that not only captures
global trends but also connects with regional educational contexts.

The urgency of this study also lies in its alignment with digital education policies that are being
widely promoted worldwide, including in developing countries. Strengthening technology literacy
research can provide evidence-based insights to support the design and implementation of digital
learning policies that respond to rapid technological change (ASEAN, 2022; Kemendikbudristek,
2023).

This study seeks to fill this gap by analyzing recent international publications (2021 to 2025) to
identify the main clusters in technology literacy research. The novelty of this study lies in its more
comprehensive bibliometric mapping, which not only highlights pedagogical implications but also
demonstrates the expansion of research into sustainability, industry, and advanced technologies. Thus,
this study is expected to provide valuable insights for academics and practitioners in developing
adaptive learning strategies in response to global digital transformation.

METHOD
This study employed a bibliometric approach combined with qualitative analysis of scientific

publication metadata. This approach was chosen as it enables the mapping of research trends, the
identification of conceptual relationships, and the clustering of research domains through keyword co-
occurrence network visualizations using VOSviewer software (Van, 2020).

The research data were collected from the Springer database, one of the major international
repositories of scholarly publications that includes journal articles, conference proceedings, and
indexed academic books. The data retrieval covered the period from 2021 to 2025, using three main
keywords: “technology literacy,” “digital literacy,” and “STEM”. Searches were conducted through
Springer’s advanced search feature with Boolean operators (AND/OR) to ensure specificity and
accuracy.

The data collection procedure involved four steps: (1) defining the publication period 2021 to
2025, (2) entering the selected keywords into the Springer, (3) filtering the results by selecting
relevant articles and book chapters related to technology literacy, and (4) exporting the metadata (title,
authors, year, keywords, DOI, abstract, and references) in RIS format for analysis in VOSviewer. The
initial search yielded 1,042 publications. After applying inclusion and exclusion criteria such as
including only peer-reviewed journal articles and book chapters directly related to technology literacy
in education or STEM, while excluding editorials, non-academic reports, and duplicate records a total
of 312 publications were retained for analysis.

Data analysis was conducted using VOSviewer. The exported metadata were imported into the
software and analyzed using the keyword technique with a minimum threshold of five occurrences.
The results were visualized in three formats: network visualization to examine the interconnections
among keywords, overlay visualization to trace research trends by publication year, and density
visualization to identify dominant keywords. Subsequently, related keywords were grouped into
clusters, serving as the basis for identifying the main themes of technology literacy research during the
2021 to 2025 period.
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RESULT AND DISCUSSION
Result

The results of the VOSviewer visualization analysis are presented in Figure 1.

Figure 1. VOSviewer visualization results

Figure 1 presents the bibliometric mapping of technology literacy research generated using
VOSviewer. The visualization displays five major clusters represented by different colors, where each
node corresponds to a keyword, and the size of the node reflects its frequency of occurrence. The
proximity of nodes indicates the strength of co-occurrence between keywords, allowing the
identification of conceptual relationships within the research landscape. For readers less familiar with
bibliometric mapping, it is important to note that larger nodes represent more frequently used
keywords, while thicker connecting lines indicate stronger associations.

Based on the analysis, five main clusters were identified and are summarized in Table 1, which
reports the dominant keywords and their frequency of occurrence. The clusters are discussed in order
of prominence, starting with the largest cluster:

1. Blue Cluster (Effects and Relationships, 105 keywords): Focuses on effect, impact, relationship,
adoption, and competency, highlighting studies on the impact of technology literacy on learning,
skills, and digital adoption.

2. Green Cluster (Learning Context, 87 keywords): Consists of student, engagement, experience,
perception, tool, and context, emphasizing the importance of student experiences and digital-
based pedagogical strategies.

3. Yellow Cluster (Sustainability and Industry, 56 keywords): Includes sustainability, management,
industry, and project, reflecting the growing link between technology literacy and sustainable
development.

4. Purple Cluster (Methodology and Analysis, 42 keywords): Related to survey, SEM, PLS-SEM,
and adoption mechanism, pointing to the quantitative methods frequently used in measuring
technology literacy.
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5. Orange Cluster (Advanced Technological Innovation, 38 keywords): Covers virtual reality,
healthcare, artificial intelligence, engineering, and computer vision, indicating the shift of
technology literacy toward the integration of advanced technologies in education and industry.

The summarize of technology literacy clusters are shown in Table 1.

Table 1. Summary of Technology Literacy Clusters

Cluster Dominant Keywords Frequency Main Theme
Blue effect, impact, relationship, adoption, competency 105 Effects and Relationships
Green student, engagement, experience, perception, context 87 Learning Context
Yellow sustainability, management, industry, project 56 Sustainability and Industry
Purple survey, SEM, PLS-SEM, adoption mechanism 42 Methodology and Analysis
Orange virtual reality, healthcare, AI, engineering, computer 38 Technological Innovation

Discussion

The findings of this study highlight two dominant directions in technology literacy research
during 2021–2025: (1) its growing integration with sustainability and management, and (2) its
expansion into advanced technological innovations such as artificial intelligence, virtual reality, and
healthcare applications. These themes represent a significant shift from earlier pedagogical
perspectives, showing that technology literacy is increasingly positioned as both an educational and
socio-industrial competence aligned with global digital transformation and the Sustainable
Development Goals (SDGs). By foregrounding these trends, this study underscores the urgency of
rethinking curricula and educational policies to accommodate broader dimensions of technology
literacy.

The trend of technology literacy has evolved from basic digital skills toward the integration of
advanced technologies that align with the demands of Industry 4.0. Technology literacy is no longer
understood merely as technical proficiency but has become a crucial prerequisite for fostering active,
collaborative, and innovative learning. This aligns with Quigley et al. (2020), who emphasized the
significance of technology literacy in STEM education to support complex problem-solving. Similarly,
Khine and Areepattamannil (2019) highlighted that digital literacy significantly contributes to the
development of 21st-century competencies such as critical thinking, collaboration, and creativity.
More recently, Tene et al. (2024) demonstrated that the integration of immersive technologies such as
virtual reality in education can enhance student motivation and engagement.

A bibliometric analysis using VOSviewer for the period 2021–2025 identified five major
clusters of technology literacy research. Among these, the sustainability and industry cluster and the
advanced technological innovation cluster are particularly noteworthy, as they reflect the broader
relevance of technology literacy beyond education. The sustainability and management cluster reflects
a growing orientation of technology literacy toward addressing global challenges. UNESCO (2021)
stressed that digital literacy must be linked to sustainability and the SDGs to promote inclusive and
equitable education. In line with this, Sormunen et al. (2022) highlighted the strategic role of
technology literacy in building environmental awareness through sustainable digital practices.
Consequently, technology literacy is now positioned as a vital foundation not only for education but
also for strengthening industrial competitiveness and supporting the transition to a green economy.

The emerging technological innovations cluster demonstrates the expansion of technology
literacy into domains such as artificial intelligence, virtual reality, healthcare, and engineering.
Bekteshi and Barleti (2025) reported that the integration of AI and immersive technologies has a
positive impact on learning experiences, retention, and conceptual understanding. Likewise, Huang et
al. (2023) showed that AI-driven learning enhances personalization and educational efficiency. This
indicates a paradigm shift in technology literacy research, where advanced technologies are no longer
peripheral but central to shaping both educational and industrial futures.

The other three clusters serve as important supporting contexts for these transformations. The
effects and relationships cluster emphasizes the role of technology literacy in enhancing digital
competence and learning effectiveness. This finding is consistent with Redecker (2020), who
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underscored digital literacy as a key factor in supporting lifelong learning, and with Aesaert et al.
(2021), who noted its close relationship with academic achievement and employability. The learning
context and student engagement cluster highlights how meaningful digital learning experiences foster
reflective and collaborative learning (Bond et al., 2021; Herro et al., 2019). Meanwhile, the digital
adoption and mechanisms cluster focuses on implementation processes, stressing that institutional
readiness and user competence are critical for sustainable technology integration (Ifenthaler &
Schweinbenz, 2019; Kimmons, 2020).

Taken together, these clusters reveal that while pedagogical perspectives remain essential, the
most transformative contributions of technology literacy research now emerge from its alignment with
sustainability agendas and its integration with advanced technologies. The implications of these trends
underscore the urgent need for comprehensive educational transformation, focusing not only on basic
technical skills but also on cultivating 21st-century competencies such as critical thinking, creativity,
collaboration, and sustainability awareness. The integration of advanced technologies such as AI, VR,
and big data requires adaptive, inclusive, and industry-relevant curricula and teaching strategies, while
simultaneously supporting global agendas such as the SDGs (Quigley et al., 2020; Syamsudin, 2020;
Huang et al., 2023). This highlights the pivotal role of educational institutions in providing
infrastructure, training, and policy support to ensure effective technology adoption (Ifenthaler, 2019;
Kimmons, 2020; Syamsudin, 2022). Accordingly, technology literacy should be viewed not only as an
individual competence but also as a collective strategy to enhance educational quality, graduate
competitiveness, and contributions to sustainable development.

CONCLUSION
This study shows that technology literacy has shifted from basic digital skills to the integration

of advanced technologies that align with Industry 4.0 and global agendas. Through a bibliometric
analysis of the 2021–2025 period, five main clusters were identified: influence and impact, learning
context and student engagement, digital adoption and mechanisms, sustainability and management,
and technological innovation. The findings highlight that technology literacy is crucial for building
21st-century skills, improving learning effectiveness, enhancing employability, and supporting
sustainable education, while the integration of artificial intelligence, virtual reality, and other advanced
technologies demonstrates its growing role across sectors. Overall, technology literacy serves as a
strategic foundation for educational transformation and sustainable development, and future research
could investigate its implementation in diverse educational contexts or complement bibliometric
results with qualitative studies.
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