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Keywor_ds ) topics being addressed, including educational technology, teacher education, and the impact

Technological pedagogical content of COVID-19. The analysis also underscores the need for further interdisciplinary research and

knowledge emphasizes the potential for TPACK to enhance educational practices, especially in the context

Bibliometric analysis of modern technological advancements. By providing insights into publication patterns and

Educational technology identifying under-researched areas, this study aims to guide future research efforts and
. promote a more comprehensive understanding of TPACK's applications in education.
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1. Introduction

The rapid advancement of digital technology has significantly transformed various sectors of society,
including education. The integration of technology into teaching and learning processes is no longer optional
but has become an essential component of educational practice in the digital era. In response to this
transformation, the framework of Technological Pedagogical Content Knowledge (TPACK) has emerged as a
foundational model for understanding how teachers integrate technology effectively into instruction
(Schubatzky et al., 2023). TPACK extends Shulman’s (1986) concept of Pedagogical Content Knowledge (PCK)
by incorporating technological knowledge as a critical domain, thereby conceptualizing the complex interplay
among content, pedagogy, and technology (Schubatzky et al., 2023; Wang et al., 2018).

As digital tools continue to evolve, educators are required not only to master subject content and
pedagogical strategies but also to align these competencies with appropriate technological applications.
Consequently, TPACK has become a central framework in teacher education, curriculum development, and
educational research aimed at fostering effective technology integration (Foulger et al., 2022; Huang & Musah,
2024).

Despite its conceptual strength, implementing TPACK in educational settings remains challenging. Many
teachers struggle to consistently integrate digital technology into standards-based instruction (Ozden et al,,
2024). Additionally, insufficient institutional support, particularly in the form of structured professional
development and teacher training programs grounded in TPACK principles, has limited its effective application
(Pessin et al,, 2022). These challenges underscore the need to better understand how TPACK research has
evolved and how it informs educational practice globally.

Given the rapid expansion of TPACK-related publications over the past decade, there is a pressing need to
systematically map and evaluate the intellectual structure and development trends of this field. Bibliometric
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analysis offers a robust methodological approach to assess publication patterns, collaboration networks,
influential works, and thematic evolution within a research domain (Donthu et al., 2021; Mukherjee etal., 2022).
Such analysis can provide comprehensive insights that extend beyond traditional narrative reviews.

Over the last two decades, TPACK research has shown significant growth and diversification. Studies have
examined teacher competence, professional development, technological integration models, and subject-
specific implementations of TPACK (Tseng et al, 2022). Moreover, recent research has explored
interdisciplinary dimensions and the influence of digital transformation on pedagogical innovation (Schmid et
al., 2024).

However, the distribution of TPACK research is uneven across geographical contexts. A substantial
proportion of studies originate from countries such as China and Australia, while contributions from developing
countries remain relatively limited (Huang & Musah, 2024). Furthermore, collaboration across disciplines and
international research networks appears to be less intensive than expected for a field that inherently combines
technology, pedagogy, and content knowledge (Hieu et al,, 2024; Schmid et al., 2024).

Although previous reviews have examined specific aspects of TPACK implementation, fewer studies have
provided a comprehensive bibliometric mapping that integrates annual scientific production, collaboration
patterns, institutional contributions, citation impact, and thematic evolution within a single analytical
framework (Celik, 2023).

Despite the expanding body of TPACK literature, several gaps remain evident. First, limited
interdisciplinary and cross-national collaboration may restrict the development of a more holistic
understanding of technology integration in diverse educational contexts (Schmid et al., 2024; Tseng et al., 2022).
Second, the concentration of research in specific countries suggests an imbalance in global knowledge
production, potentially overlooking contextual challenges faced by educators in developing regions (Huang &
Musah, 2024).

Moreover, while TPACK research continues to increase quantitatively, there is a lack of comprehensive
bibliometric studies that systematically analyze publication trends, intellectual structures, and thematic
trajectories across time. Without such mapping, it is difficult to identify emerging research fronts, influential
scholars, collaborative networks, and underexplored themes that require further investigation.

In response to these gaps, this study conducts a bibliometric analysis to systematically map the
development of TPACK research. Specifically, this study aims to:

a. Analyze annual scientific production to identify publication trends over time.
b. Examine collaboration patterns among authors, institutions, and countries.
c. Identify the most influential authors, institutions, sources, and highly cited documents.

d. Explore the intellectual and thematic structure of TPACK research through thematic mapping and three-field
analysis.

By providing a comprehensive bibliometric overview, this study contributes to a deeper understanding of
the evolution, dynamics, and global distribution of TPACK scholarship. The findings are expected to inform
researchers, educators, and policymakers by highlighting under-researched areas, strengthening international
collaboration, and guiding future research directions in technology-integrated education (Donthu et al,, 2021;
Mukherjee etal., 2022).

2. Method

This study employed a bibliometric analysis to systematically map the intellectual structure, collaboration
patterns, and thematic evolution of research on Technological Pedagogical Content Knowledge (TPACK).
Bibliometric analysis is recognized as a robust quantitative approach for synthesizing large bodies of literature,
identifying research trends, and revealing knowledge structures within a specific field (Donthu et al.,, 2021;
Mukherjee et al., 2022). Beyond descriptive statistics, this study integrates analytical interpretation to explain
how collaboration networks and thematic shifts reflect the maturation and diversification of TPACK scholarship.

2.1. Data Source and Justification

The data were retrieved from the Dimensions database. Dimensions was selected for several
methodological and practical reasons. First, it provides broad multidisciplinary coverage, including education,
social sciences, and technology studies, which are central to TPACK research. Second, compared to more
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restrictive indexing platforms, Dimensions includes a wider range of peer-reviewed journal articles, enabling a
more comprehensive representation of global scholarship. Third, it offers integrated citation data and metadata
suitable for advanced bibliometric analysis, including co-authorship, co-citation, and keyword co-occurrence

mapping.

The choice of Dimensions also aligns with recent bibliometric studies in education and social sciences that
highlight its capacity to capture emerging and regionally diverse publications, particularly from developing
countries that may be underrepresented in other databases.

2.2. Data Collection Techniques

Article metadata was obtained from the Dimensions Database to accumulate publications regarding
TPACK. TPACK data was taken for the last ten years from 2014 to 2024. The term or keyword for the search uses
the word "TPACK". The collected TPACK article data was then filtered based on the year of publication,
document type, field of study, and document source. The results of the data retrieval filter from "dimensions"
are shown in Figure 1.
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Figure 1. The Process of Capturing and Filtering Data is Sourced from Dimensions

The next step was based on the keywords found; the metadata from the dimensions was downloaded using
the summative value (.csv) format.

2.3. Search Strategy

Data collection was conducted on [insert exact retrieval date, e.g., 15 January 2026] to ensure
transparency and replicability. The full search string used in the Dimensions database was: ("Technological
Pedagogical Content Knowledge" OR "TPACK" OR "TPCK") AND (education OR teaching OR learning) The search
was applied to the title and abstract fields to ensure relevance and conceptual alignment with the TPACK
framework. No restrictions were initially placed on publication year in order to capture the full historical
development of the field.

2.4. Inclusion and Exclusion Criteria

To ensure methodological rigor, explicit inclusion and exclusion criteria were applied:

Table 1. Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

Peer-reviewed journal articles. Conference proceedings, book chapters, dissertations,
editorials, and review notes.

Publications explicitly addressing TPACK or TPCK as a Articles not centrally focused on TPACK (e.g, mentioning

conceptual or analytical framework. TPACK only peripherally).

Articles published in English. Duplicate records.

Articles with complete bibliographic metadata (author, Publications with incomplete metadata or missing citation

year, source, affiliation, keywords, citation data). information.

After applying these criteria, the final dataset consisted of final number documents used for analysis.

2.4.1. Data Coding And Analysis

Coding and data analysis were done by analyzing the metadata obtained from the dimensions using R
Studio software with the bibliometric package, installing the bibliometric package, and applying the code
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"install. packages (bibliometric)" which must be done first, calling the code "library (bibliometrics)", followed
by the code "biblioshiny" to open the bibliometric analysis program in the browser window, and importing the
metadata dimensions in the "Load Data" section. With this analysis step, a visualization code will appear,
including the main information of the article, the trend of article development every year (annual scientific
production), the relationship between data (three-field rent), relevant sources, relevant authors, institutions
that have many documents (relevant affiliation), documents that are widely cited, and the development of
research themes (thematic map). The result of this step-by-step is a descriptive analysis to interpret the findings.

The bibliometric analysis was conducted using bibliometric mapping techniques that included:
a. Annual scientific production analysis to identify publication growth trends and phases of development.
b. Co-authorship analysis to examine collaboration patterns among authors, institutions, and countries.

c. Citation and co-citation analysis to determine influential authors, sources, and foundational works shaping
the intellectual structure of TPACK.

d. Three-field plot analysis to explore relationships among authors, keywords, and sources.
e. Keyword co-occurrence and thematic mapping to identify dominant themes and their evolution over time.

Rather than merely reporting frequency counts, this study interprets these indicators analytically. For
example, collaboration networks were examined to determine whether TPACK research is dominated by
localized research clusters or characterized by strong international partnerships. Dense inter-country
collaboration suggests intellectual integration and global diffusion of TPACK, whereas fragmented clusters may
indicate regional specialization or conceptual divergence.

Similarly, thematic evolution analysis was conducted to track shifts in research focus. Early TPACK studies
primarily emphasized conceptual validation and teacher knowledge measurement. Over time, themes expanded
toward digital competence, STEM integration, online learning environments, and teacher professional
development. This thematic diversification indicates the maturation of TPACK from a conceptual framework
into an applied research paradigm addressing emerging technological contexts. By combining structural
mapping with interpretive analysis, this method enables a deeper understanding of how TPACK scholarship has
evolved intellectually, geographically, and thematically.

2.5. Reliability and Transparency

To enhance transparency and replicability, all search parameters, criteria, and analytical procedures were
documented systematically. The fixed data retrieval date ensures that the dataset represents a clearly bounded
snapshot of TPACK scholarship at a specific time point, acknowledging that bibliometric indicators may evolve
as new publications emerge.

3. Results and Discussion
3.1. Results

3.1.1. Main Information

The results of the analysis by exporting metadata to the bibliometrics, show the initial display of the
software containing the main information about the document to be analyzed using bibliometrics. Figure 2
shows that metadata about TPACK totaled 500 documents published over the last 10 years, from 2014 to 2024.
This data is the object of bibliometrics analysis. The documents are sourced from 153 journals, with an average
annual growth of 45.32%. A total of 1559 authors were identified, of whom 63 were single authors. International
writing collaboration reached 22.4% with a writing contribution of 3.5 per document, and there were 281
keywords.
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Figure 2. Main Information

3.1.2. Article Evolution Trends Every Year

The results of the analysis present TPACK publications annually for the last 10 years, from 2014 to 2024
(Figure 3). Figure 3 shows that the graph of research trends on TPACK over the past 10 years has increased from
2014 but decreased from 2023 to 2024. The peak of publication occurred in 2022, with 190 articles published.
This data indicates that research on TPACK remains relevant for exploration in the coming years, as TPACK
continues to be important for the development of learning technology.
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Figure 3. Annual Scientific Production

3.1.3. Data Relationships from Different Countries

The relationship between data from different countries that publish articles on TPACK is seen in the Three-
Field Port presented in Figure 4. This analysis provides information on countries that are highly productive and
have high attention in researching TPACK. Figure 4 provides data showing that China is a very productive
country with high concerns related to TPACK research, followed by Spain, America, Australia, and Malaysia in
order. These five countries are countries that have an interest in researching TPACK. Topics related to TPACK
can be seen as the most dominant ones, which include topics such as humanity, COVID-19, adults, learning, and
pandemics. Other topics were identified but not widely used as research focuses, and some countries were not
among the five productive countries that published TPACK articles.
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Figure 4. Three-Field Port

3.1.4. Trend Topics

Figure 5 provides information on topic trends integrated with TPACK from 2014 to 2024. Figure 5 shows
that the trend of topics over the past 10 years has changed from 2016 to 2024. From 2016 to 2018, TPACK topics
related to nurse education were still dominant. The years 2018 to 2020 experienced several trend topics, namely
computer-assisted learning, educational technology, and teaching, but the topic of computer-assisted learning
integrated with TPACK lasted for a long time, from 2018 to 2022. In the period from 2019 to 2022, there has
been a development of a widespread trend of topics, namely teaching, gender (male and female), curriculum,
students, health, SARS and Covid, universities, and learning. The trend of topics related to students occurred
from 2022 to 2023. A very rapid topic trend is the topic of TPACK which is integrated with humanity and is seen
to be on top record in 2022. The next development is a trend of topics in education that occur from 2022 to
2024.
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Figure 5. Trend Topic

3.1.5. The Most Relevant Sources

Relevant sources used to find out the trends of emerging journals developing and contributing to the
research are shown in Figure 6. Figure 6 illustrates the data used to identify the most relevant sources of
publications. The most relevant publication source is the journal Frontiers in Psychology, with a total of 80
publications. The next most relevant source is the journal Education and Information Technologies, with a total
of 67 publications. The Heliyon Journal has 32 publications, and the International Journal of Environmental
Research has 18 publications. Based on the data (Figure 6), the most relevant sources of publications are shown.
The focus of the dominant research topics is in the fields of psychology, educational technology, and the
environment. Thus, research on TPACK has been widely published in journals that focus on this field.

In addition, Figure 6 also shows that the sources of publications about TPACK are quite diverse, ranging
from psychology journals and educational technology to general journals related to technology and learning.
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This data demonstrates the existence of collaboration and interdisciplinary approaches in TPACK research and
the dynamics of TPACK research.
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Figure 6. The Most Relevant Sources

3.1.6. The Most Relevant Authors

The most relevant authors can be identified by examining their descriptions. The authors who are most
dominant in research publications on TPACK are described in Figure 7. Figure 7 shows that the most dominant
author is Tatnall A with a total of 11 publications. It can be said that Tatinall A has made many significant
contributions to TPACK research. The author who contributed quite a bit was also Wang Y with 9 publications,
followed by Wijaya TT with 7 publications, showing a fairly high involvement in this study. Habibi A and Zhang
Y have the same number of publications, namely 6 publications, thus placing both of them as authors who have
contributed quite a lot to TPACK research. Guillén-Gamez FD and Liu Y and Li Y each have 5 publications, which
also shows consistent involvement in TPACK research. Khalif ZN and Razak RA each have 4 publications,
showing sufficient contributions although not as many as other authors.

Overall, this pattern shows a stratification in the level of contribution of authors. There is a very dominant
group of writers, followed by a group of writers with moderate or moderate contributions, and some writers
with lower contributions. This data reflects the dynamics of TPACK's research, where some authors are leading
and dominating, while other groups also participate consistently.
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Figure 7. The Most Relevant Authors

3.1.7. The Most Relevant Affiliation

The affiliate information that contributed to the TPACK research are very dominant, moderately dominant,
and low-dominant affiliates. All these criteria are shown in Figure 8. Figure 8, provides information on the most
dominant affiliation in the TPACK research collaboration. The most dominant affiliation is the Ministry of
Education of Malaysia, Putrajaya, with a total of 18 affiliates. It demonstrates a strong collaboration between
researchers and Malaysian government institutions in TPACK research. The Department of Science Teaching at
the Weizmann Institute of Science, Rehovot, and Victoria University, Melbourne, Australia, each has 11 affiliates.
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It also demonstrates the high level of involvement of both institutions in the TPACK research. The Faculty of
Medicine at the University of Colombo, Colombo, Sri Lanka, has 10 affiliates, demonstrating the significant
contributions of academic institutions in Sri Lanka. Walter Cantidio University Hospital, Federal University,
Center of Research, Development, and Innovation in Psychology, and the Faculty each have 9 affiliates; this data
also shows the consistent involvement of these institutions. The Department of Mathematics, Faculty of Science
and Mathematics, University; the Department of Surgery, Emergency Discipline, "Victor Babes" University; and
the Department of Teaching and Educational Organization, University of Suceava, each have 8 affiliates,
demonstrating a consistent contribution from these institutions.

Overall, the data pattern seen in Figure 8 shows the extensive involvement of various institutions,
including government, academic, and hospital entities, in the TPACK research. It demonstrates a strong
interdisciplinary collaboration in the field of TPACK research.
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Figure 8. The Most Relevant Affiliation

3.1.8. The Most Global Cited Documents

The most globally cited documents related to TPACK are presented in the most globally cited documents
in figure 9. Based on the data presented in Figure 9, it can be identified about 10 Descriptions (Table 1). Based
on the title and publication data shown in Figure 9 and Table 1, the dominating document names in this list are:
(1) Educational and Information Technology, (2) Psychology (Frontiers in Psychology), (3) Environment
(International Journal of Environmental Research), and (4) Computers and Human Behavior.

The data show that the most cited work documents globally in the period 2014-2024 on TPACK tend to be
interdisciplinary and integrated with technology, education, psychology, and the environment. The data indicate
that most of the documents were published in 2020 and 2021, with only one document published in 2022. It can
be said that the most citations tend to be for the latest works, published within the last 2-3 years.
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Figure 9. The Most Global Cited Documents
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Table 1. The Most Global Cited Documents

No Document Name Number of Global Citations
1. Turnbull D, 2021, Education and Information Technologies 243
2. Gao LX, 2020, Frontiers in Psychology 200
3. Luan H, 2020, Frontiers in Psychology 169
4, Panisoara 10, 2020, International Journal of Environmental Research 136
5. Seufert S, 2020, Computers in Human Behavior 133
6. Abilleira MP, 2021, Frontiers in Psychology 101
7. Fernandez-batanero ], 2021, International Journal of Environmental Research 95
8. Fawns T, 2022, Postdigital Science and Education 92
9. Clark-wilson A, 2020, ZDM - Mathematics Education 92
10. Shamir-inbal T, 2021, Journal of Educational Computing Research 89

3.1.9. Thematic Maps

Thematic maps are useful analyses to identify the main topics, themes, and issues that are researched and

published. Figure 10 provides a comprehensive overview of the main topics that are the focus of TPACK's
scientific research and inter-topic relationships.
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Figure 10: Thematic Map

Figure 10 provides information about the thematic map of TPACK. The information can be explained

below.

Various main themes were identified, including: computers, perception, healthcare delivery, research
design, artificial intelligence, clinical competence, and others.

These themes are positioned based on two main dimensions: degree of relevance/centrality and similarity

Themes that are close to each other show higher interconnectedness and similarity, while themes that are

There are several clusters or groupings of themes, such as "emerging or joining Themes" and "Basic Themes".

In addition to the main theme, other topics have emerged such as COVID-19, pandemics, educational status,

b.
of themes (development degree).
c.
far apart show lower interconnectedness.
d.
e.
and others.
f.

In the image, it appears to be divided into four quadrants, which provides information that the topics in the
fourth quadrant are themes that have relevance to the main topic but the degree of interconnectedness or
centrality is relatively smaller than the main themes in the centre of the map.

In other words, the themes in the fourth quadrant can be interpreted as topics that, although they appear

in related research, are more peripheral or not the main focus.

© 2026 The Author(s)

This work is licensed under a Creative Commons Attribution-ShareAlike 4.0 International License

ISSN: 2797-3174


https://creativecommons.org/licenses/by-sa/4.0/
https://portal.issn.org/resource/ISSN/2797-3174

Jurnal Pembelajaran, Bimbingan, dan Pengelolaan Pendidikan, 6(2), 2026, 12

3.2. Discussion

This bibliometric analysis provides a macro-level understanding of the intellectual, structural, and
thematic evolution of TPACK research from 2014 to 2024. Rather than merely indicating growth, the findings
reveal important shifts in knowledge production patterns, collaboration dynamics, and thematic
transformations that shape the current trajectory of TPACK scholarship.

3.2.1. Intellectual Growth and Structural Expansion of TPACK Research

The identification of 500 documents across 153 journals, with an annual growth rate of 45.32%, indicates
not only quantitative expansion but also structural diversification of the field. Such rapid growth reflects the
increasing institutionalization of TPACK as a central framework in educational technology research. This
expansion aligns with systematic reviews highlighting the continued relevance of TPACK in understanding
teacher competence in digital contexts (Schmid et al., 2024; Tseng et al.,, 2022).

However, the dispersion of publications across 153 journals suggests both interdisciplinarity and
fragmentation. On one hand, this diversity signals that TPACK has transcended its origins in teacher education
and entered domains such as psychology, health sciences, and artificial intelligence. On the other hand,
fragmentation may hinder theoretical consolidation, as research conversations become distributed across
disciplinary silos. This condition echoes concerns raised by Schmid etal. (2024) regarding conceptual circularity
and the need for stronger theoretical integration within TPACK scholarship.

The relatively moderate international collaboration rate (22.4%) further reinforces this interpretation.
Although TPACK inherently integrates technology, pedagogy, and content, cross-national research networks
remain limited. This suggests that while the framework is globally recognized, knowledge production may still
be regionally concentrated and insufficiently interconnected.

3.2.2. Publication Peak and the Pandemic Effect

The peak in 2022 (190 publications) is unlikely to be coincidental. Instead, it reflects the global
acceleration of digital transformation during and after the COVID-19 pandemic. The pandemic created an
unprecedented shift toward emergency remote teaching, forcing educators worldwide to operationalize TPACK
principles in practice (Su, 2023; Ozden et al,, 2024).

This surge can be interpreted as a reactive wave of scholarship responding to urgent educational
disruptions. The subsequent decline in 2023-2024 does not necessarily indicate reduced relevance; rather, it
may signal a transition from emergency-driven research to more reflective and theoretically grounded
investigations. In this sense, TPACK research appears to be moving from crisis response toward post-pandemic
stabilization and integration.

Importantly, the temporal clustering of highly cited works around 2020-2021 suggests that impactful
contributions were those that addressed immediate pedagogical and technological challenges. This pattern
demonstrates how global crises can accelerate both research productivity and citation impact.

3.2.3. Geographical Concentration and Knowledge Imbalance

The dominance of countries such as China and Australia indicates strong national investment in
educational technology research. These countries likely benefit from policy-level support, research funding, and
institutional infrastructures that prioritize digital innovation in education. However, the underrepresentation
of developing countries reveals a structural imbalance in global TPACK scholarship. Given that technological
integration challenges are often more complex in resource-constrained environments, this imbalance limits the
contextual diversity of theoretical development. As Huang and Musah (2024) note, expanding geographical
representation is essential for ensuring that TPACK evolves as a globally relevant framework rather than one
shaped primarily by technologically advanced systems.

The three-field analysis further suggests that certain countries specialize in specific thematic clusters. This
thematic-national alignment may reflect contextual educational priorities but may also restrict cross-contextual
theoretical enrichment. Strengthening international collaboration could therefore enhance comparative
research and contextual adaptation of TPACK.

3.2.4. Thematic Evolution: From Professional Competence to Crisis
Response and Al
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The thematic analysis reveals three major developmental phases:

a. Professional and disciplinary focus (2016-2018) Early emphasis on teacher education, nursing education,
and domain-specific applications indicates efforts to operationalize TPACK within particular professional
contexts.

b. Technology integration and pandemic adaptation (2018-2022) The rise of keywords such as computer-
assisted instruction, COVID-19, and pandemics reflects the urgent integration of digital tools into
mainstream teaching.

c. Emerging digital intelligence themes (2022-2024) The appearance of themes such as artificial intelligence
and algorithmic technologies suggests a conceptual shift toward what Celik (2023) terms “Intelligent
TPACK,” where ethical Al integration becomes central.

This progression demonstrates that TPACK is not a static framework but an adaptive one. Its thematic
flexibility enables it to respond to technological advancements and global disruptions. However, the presence
of emerging themes in peripheral quadrants of the thematic map suggests that areas such as Al ethics,
algorithmic literacy, and advanced digital ecosystems are still developing and require further theoretical
grounding.

3.2.5. Source and Citation Patterns: Interdisciplinary Legitimization

The dominance of journals such as Frontiers in Psychology and Education and Information Technologies
indicates that TPACK research is strongly embedded in psychology and educational technology domains. This
interdisciplinary anchoring enhances theoretical robustness by incorporating perspectives on cognition,
motivation, digital literacy, and behavioral change (Schmid et al.,, 2021).

Highly cited documents tend to intersect education, psychology, and technology. This suggests that
influential TPACK research is not purely descriptive but integrative, connecting teacher knowledge with learner
psychology, digital tools, and systemic transformation. Citation impact thus appears linked to conceptual
integration rather than narrow technical application. Moreover, the prominence of recent publications among
the most cited works highlights the field’s sensitivity to contemporary challenges. In fast-evolving technological
landscapes, conceptual relevance and timeliness may drive citation performance more strongly than historical
longevity.

3.2.6. Author and Institutional Stratification

The stratification pattern among authors indicates the emergence of core contributors who shape research
directions. Such concentration of productivity may foster coherence and sustained theoretical development.
However, it may also risk intellectual centralization if diverse perspectives are underrepresented. Institutional
dominance particularly from ministries of education and research-intensive universities illustrates the role of
policy and institutional ecosystems in driving TPACK scholarship. Government-linked institutions, such as the
Ministry of Education Malaysia, reflect alignment between national education reforms and research agendas.
This suggests that TPACK research is not merely academic but policy-relevant and reform-oriented.

Interestingly, the presence of medical faculties and hospitals among top affiliations underscores TPACK’s

expansion beyond traditional school settings. The integration of TPACK in health and clinical education reflects
broader digital transformation across professional education sectors.

3.2.7. Theoretical and Practical Implications

From a theoretical perspective, this bibliometric mapping indicates that TPACK is transitioning from a
teacher-competency framework toward a broader digital knowledge paradigm encompassing Al, digital ethics,
and cross-disciplinary integration. Future theoretical development should therefore focus on:

a. Integrating Al literacy and data ethics into TPACK models.
b. Strengthening cross-cultural validation of TPACK constructs.

c. Addressing conceptual fragmentation through integrative meta-theoretical synthesis.

From a practical standpoint, the findings suggest that sustainable TPACK implementation requires:
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a. Institutional policy support.
b. Structured professional development programs.
c. International collaboration networks to share contextual practices.

Without these systemic supports, TPACK risks remaining a conceptual ideal rather than an operationalized
framework in diverse educational systems.

3.2.8. Synthesis

Overall, this study demonstrates that TPACK research has evolved from conceptual adaptation of PCK into
a globally recognized interdisciplinary field responding dynamically to technological and societal changes. While
growth is substantial, challenges remain in terms of geographical balance, theoretical consolidation, and deep
integration of emerging technologies such as artificial intelligence. By moving beyond descriptive publication
counts and examining structural, thematic, and collaborative patterns, this discussion highlights not only where
TPACK research stands today but also where it must advance to remain theoretically relevant and practically
transformative in the digital era.

3.3. Practical Implications for TPACK Scholarship
This study also provides important practical implications for educators, teacher educators, and
policymakers:

a. For Teacher Education Programs: Institutions should design structured, practice-based TPACK training that
integrates technology planning cycles, reflective practice, and collaborative lesson design rather than
focusing solely on technical skill development.

b. For Educational Leaders: Policymakers and administrators should ensure institutional support systems such
as infrastructure, mentoring, and continuous professional development to facilitate meaningful technology
integration.

c. ForResearchers: The identification of dominant themes and underexplored topics offers a strategic roadmap
for advancing theory-building efforts and fostering stronger research networks.

d. For Curriculum Developers: The thematic evolution identified in this study suggests the importance of
aligning curriculum innovation with emerging digital competencies and global educational challenges.

This bibliometric analysis not only maps the intellectual landscape of TPACK research but also highlights
strategic directions for strengthening its theoretical depth, methodological rigor, and global relevance. By
encouraging interdisciplinary collaboration, methodological diversification, and inclusive knowledge
production, future TPACK scholarship can play a pivotal role in shaping sustainable and context-responsive
technology integration in education.

3.4. Recommendations for Future Research

Based on the findings of this bibliometric mapping, several directions for future research are proposed:

a. Strengthening Cross-National and Interdisciplinary Collaboration: Future studies should prioritize
collaborative projects that involve researchers from underrepresented regions, particularly developing
countries. Comparative cross-country studies can provide deeper insights into contextual differences in
TPACK implementation and policy development.

b. Expanding Research into Emerging Technologies: As artificial intelligence, generative Al, augmented reality,
and learning analytics continue to reshape education, future TPACK research should examine how these
technologies transform teachers’ knowledge structures and instructional decision-making processes.

c. Moving Beyond Self-Reported Measures: Much of the existing TPACK research relies on self-reported
instruments. Future research should incorporate classroom observations, performance-based assessments,
experimental designs, and longitudinal studies to better understand the actual impact of TPACK on teaching
effectiveness and student outcomes.

d. Exploring Institutional and Policy-Level Factors: Further investigation is needed into how institutional
leadership, curriculum design, teacher professional development models, and national education policies
influence sustainable TPACK integration.
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e. Developing Context-Sensitive TPACK Models: Researchers are encouraged to develop adaptive or localized
TPACK frameworks that consider cultural, infrastructural, and socio-economic factors, particularly in low-
resource educational settings.

4. Conclusion

This bibliometric analysis demonstrates that TPACK research has experienced substantial growth over the
past decade, with a significant publication peak in 2022. The increasing number of publications, the diversity of
contributing journals, and the emergence of leading authors and institutions indicate that TPACK has become a
well-established and dynamic research domain. The strong involvement of institutions such as the Ministry of
Education Malaysia and several international universities reflects the importance of institutional support and
cross-sector collaboration in advancing TPACK scholarship. Furthermore, the thematic evolution from early
emphases on nursing education and computer-assisted instruction to more recent concerns such as COVID-19,
digital transformation, and human-centered learning illustrates the field’s responsiveness to global educational
challenges. However, the findings also reveal structural imbalances in the development of TPACK research.
Contributions remain concentrated in specific countries, while developing regions are underrepresented.
International collaboration, although present, has not yet reached its full potential considering the
interdisciplinary nature of TPACK. These patterns suggest the need for a more inclusive and globally integrated
research agenda.
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