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how technology is reshaping educational landscapes and emphasize the urgency for
teachers to adapt and effectively integrate these tools. The problem statement will
focus on the challenges teachers face in integrating technology into their classrooms,
such as inequalities in access, insufficient training, and a lack of institutional support.
It will also discuss the necessity for a comprehensive approach that allows educators
to use digital resources while preserving the essential human element in teaching. The
methodology will outline the bibliometric techniques used in the study, including
citation analysis, co-citation mapping, and data visualization tools. By analyzing a wide
range of scholarly publications, this study will identify key trends, influential authors,
and foundational works that shape the dialogue on teacher engagement with
technology in education. The results are expected to present a detailed view of the
current landscape, revealing research hotspots, knowledge gaps, and possible
directions for future research. This analysis will offer valuable insights for educators,
policymakers, and researchers, helping to inform evidence-based decisions and
deepen the understanding of the evolving relationship between teaching practices and
technological advancements. In conclusion, this bibliometric study will provide a data-
driven perspective on the evolving role of teachers in the digital age, highlighting their
responsibilities, challenges, and opportunities. By synthesizing the available literature,

Keywords: the research aims to empower educators to confidently navigate the digital landscape
Education; technology; teacher; digital and incorporate technology into their teaching methods effectively.
age

1. Introduction

The rapid advancement of digital technology has profoundly transformed the educational
landscape, presenting both opportunities and challenges for educators [1-3]. In the digital age,
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teachers are not only facilitators of knowledge but also navigators of a complex array of digital tools
and platforms [4,5]. This transition necessitates a re-evaluation of the traditional roles of teachers,
emphasizing the importance of digital literacy, adaptability, and innovative pedagogical strategies [6-
8]. This article aims to explore the evolving role of teachers in the digital age through a bibliometric
analysis, offering a comprehensive perspective on the intersection of education and technology.
Bibliometrics, a quantitative method of analyzing scientific literature, provides valuable insights into
the trends, patterns, and influences within a given research field [9]. By examining key publications,
citation networks, and keyword co-occurrences, this study identifies the pivotal contributions and
emerging themes related to the integration of technology in education. The analysis focuses on
articles published from 2021 to March 2024, drawing data from the Thomas ISI Web of Science (WoS)
database, renowned for its extensive coverage and rigorous indexing. Unlike Elsevier's Scopus, WoS
offers a more comprehensive historical context, making it an ideal source for tracing the evolution of
educational technology and its impact on teaching practices [10,11].

This study highlights the critical role of teachers as mediators between educational content and
digital technology, examining how they adapt to and integrate new tools to enhance learning
outcomes [12-14]. By mapping the bibliographic data, we can visualize the collaborative networks
and research clusters that have emerged, providing a clear picture of the current state and future
directions of this field. The research also delves into how teachers' professional development and
policy frameworks must evolve to support the effective integration of technology in the classroom.
Through this bibliometric perspective, the research sheds light on the most influential works,
identifies gaps in the current literature, and suggests future directions for research [5,9]. By bridging
education and technology, this article aims to contribute to the ongoing discourse on the future of
teaching in an increasingly digital world [15-17]. It underscores the necessity for continuous
professional development and policy support to empower teachers in their evolving roles, ensuring
they are well-equipped to meet the demands of modern education and to harness the full potential
of digital technology for enhanced learning experiences [18-20].

2. Literature Review

The role of teachers in bridging education and technology in the digital age is a critical topic that
has gained significant attention in recent years. A bibliometric analysis can provide valuable insights
into the current state of research in this area and identify emerging trends and themes.

Several studies have highlighted the importance of teacher training and professional
development in enhancing digital competence and ensuring effective integration of technology in
the classroom [21-23]. Gottschalk [24] emphasizes the need for comprehensive training and support
to empower educators in navigating and leveraging educational technology tools effectively [22].
Garzon-Artacho et al., [25] and Urbina et al., [26] further explore the digital competence of teachers
at different stages of their careers and the importance of lifelong learning in this domain[22].

The digital divide in education remains a significant challenge, with disparities in access to
technology and reliable internet connectivity still prevalent in many parts of the world [23-25] . Sailer
et al., [29] define and measure teachers' capacity to develop students' digital information and
communication skills, highlighting the need for targeted interventions to bridge the digital divide
[22]. Serezhkina [30] and Gonzalez Motos and Bonal [31] delve deeper into the digital skills of
teachers and the impact of distance education on families during the COVID-19 pandemic,
respectively[22]. The integration of technology in education has the potential to enhance
accessibility, inclusivity, and personalization of learning experiences [32]. Blended learning
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approaches that combine physical and virtual elements are becoming increasingly popular, offering
flexibility and customization to cater to diverse learner needs [33].

Data-driven education enabled by technology provides valuable insights into student
performance and informs curriculum design and individualized support [28-30]. However, the
successful integration of technology in education also presents challenges that need to be addressed.
These include ensuring equity and inclusion, bridging digital literacy gaps, safeguarding student
privacy and security, and adapting pedagogical approaches to effectively leverage technology [37].
Educational leaders play a crucial role in navigating these challenges and fostering a culture of
innovation and change within their institutions [32-35].

In conclusion, the role of teachers in bridging education and technology in the digital age is a
multifaceted and complex topic that requires a strategic and comprehensive approach. Bibliometric
analysis can help identify key areas of research, emerging trends, and potential gaps, informing future
research and policy decisions in this critical domain.

3. Research Question

RQ1: What are the main research topics explored in the role of teachers integrating education
and technology, categorized by the year of publication?

RQ2: Who writes the most cited articles?

RQ3: What are the most publication country?

RQ4: Who is the top 10 auditor?

RQ5: What are the popular keywords related to the study?

RQ6: What are the map of co-authorship about the role of teachers integrating education and
technology?

4. Methodology

Bibliometrics encompasses the compilation, organization, and analysis of bibliographic data
derived from scientific publications. This includes basic descriptive statistics such as journal
publication details, publication years, and primary author classifications, as well as advanced
methodologies like document co-citation analysis. An effective literature review necessitates a
systematic approach involving the identification of keywords, literature searches, and
comprehensive analyses, which are crucial for constructing a bibliography and obtaining reliable
results. This research aims to focus on influential publications, providing valuable insights into the
theoretical framework of the evolving research landscape.

For comprehensive data acquisition, this study relies on the Thomas ISI Web of Science (WoS)
database, a decision supported by previous research. In selecting top-tier publications, only articles
published in rigorously peer-reviewed and esteemed academic journals are considered, excluding
books and conference proceedings, as indicated by prior research findings. Unlike Elsevier's Scopus,
WoS is preferred for its extensive coverage dating back to 1990, offering a more comprehensive
historical context. While Scopus covers a vast array of journals, its impact is predominantly confined
to more recent articles. This analysis focuses on articles from the Social Science Citation Index (SSCI),
Science Citation Index Expanded, and Arts and Humanities Citation Index from 2021 to March 2024.
The Clarivate Analytics WoS Core Collection, renowned for its extensive coverage of citation and
bibliographic records in the social sciences and humanities, is utilized for retrieving articles in this
study, aligning with recommendations from previous research.
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4.1 Data Search Strategy

The study utilized a screening process to identify the appropriate search terms for retrieving
articles. The study commenced by initiating queries in the Scopus database online TITLE-ABS-KEY (
bridging AND education OR technology OR "Role of Teachers" ) AND ( LIMIT-TO ( PUBYEAR, 2021 )
OR LIMIT-TO ( PUBYEAR, 2022 ) OR LIMIT-TO ( PUBYEAR, 2023 ) OR LIMIT-TO ( PUBYEAR, 2024 ) )
AND ( LIMIT-TO ( SUBJAREA , "SOCI" ) ) AND ( LIMIT-TO ( DOCTYPE, "ar" ) OR LIMIT-TO ( DOCTYPE,
"cp" ) ) AND ( LIMIT-TO ( PUBSTAGE , "final" ) ) AND ( LIMIT-TO ( LANGUAGE , "English" ) ) thereby
assembling 15942 articles. Later, the query string was adjusted to ensure that the search terms
“bridging AND education OR technology OR "Role of Teachers"” were specifically targeted towards
teachers as educators. The final refinement of the search string yielded 912 articles, which were then
utilized for bibliometric analysis. As of March 2024, all articles from the Scopus database pertaining
to "Bridging Education and Technology: The Role of Teachers in the Digital Age" were integrated into
the study.

Table 1
The search string

TITLE-ABS-KEY ( bridging AND education OR technology OR "Role of Teachers" ) AND ( LIMIT-
TO ( PUBYEAR, 2021 ) OR LIMIT-TO ( PUBYEAR, 2022 ) OR LIMIT-TO ( PUBYEAR, 2023 ) OR

Scopus LIMIT-TO ( PUBYEAR, 2024 ) ) AND ( LIMIT-TO ( SUBJAREA, "SOCI" ) ) AND ( LIMIT-TO (
DOCTYPE, "ar" ) OR LIMIT-TO ( DOCTYPE, "cp" ) ) AND ( LIMIT-TO ( PUBSTAGE, "final" ) ) AND
( LIMIT-TO ( LANGUAGE, "English" ) )

Table 2

The selection criterion is searching
Criterion Inclusion Exclusion
Language English Non-English
Timeline 2021 -2024 <2021
Literature Type Journal (Article) and proceeding Book, Review
Subject Area Sosial Sciences Non-Sosial Sciences
Publication Stage Final In Press

4.2 Data Analysis

Datasets comprising publication year, title, author name, journal, citation, and keywords in Plain
Text format were obtained from the Scopus database, covering the period from 2021 to March 2024.
These datasets were then analyzed using VOSviewer software version 1.6.19. VOSviewer employs
clustering and mapping techniques to generate maps and conduct analyses. Unlike the
Multidimensional Scaling (MDS) approach, VOSviewer focuses on positioning items in low-
dimensional spaces to accurately represent their relatedness and similarity. This methodology is
similar to MDS in its objective. However, unlike MDS, which calculates similarity measures like cosine
and Jaccard indexes, VOSviewer employs a more suitable method for normalizing co-occurrence
frequencies. One such method is the association strength (ASij), it is calculated as Eq.(1) and Eq.(2):

Re = aASij % Cjj (1)

Re = Wiwj (2)
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This index is "proportional to the ratio between, on the one hand, the observed number of co-
occurrences of (i) and (j) and, on the other hand, the expected number of co-occurrences of (i) and
(j) under the assumption that co-occurrences of (i) and (j) are statistically independent." With the
assistance of this index, VOSviewer arranges items into a map by reducing the weighted sum of the
squared distances between all pairs of items. The LinLog/modularity normalization method was
applied in this process. Furthermore, through the application of visualization techniques using
VOSviewer on the dataset, patterns based on mathematical relationships were revealed, and
analyses such as keyword co-occurrence, citation analysis, and co-citation analysis were conducted.
Keyword co-occurrence analysis aids in exploring the development of research areas over a period
and is effective in identifying popular topics in various fields. Citation analysis, on the other hand,
proves useful in identifying key research issues, trends, and techniques, as well as delving into the
historical significance of a discipline's primary focus area. Document co-citation analysis, a frequently
applied bibliometric method, utilizes network theory to map out the relevant structure of data.

5. Result and Finding

RQ1: What are the main research topics explored in the role of teachers integrating education and
technology, categorized by the year of publication?

Documents by year Scopus
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Fig. 1. Documents by year

The figure shows a bar graph depicting the number of documents published on the topic of
“Bridging Education and Technology: The Role of Teachers in the Digital Age” according to Scopus,
an abstract and citation database for peer-reviewed literature. The document count appears to be
increasing year over year, though it is important to note that the data only goes up to 2023. This is
likely due to a growing recognition of the importance of technology in education, as well as the
increasing need for teachers to be able to effectively integrate technology into their classrooms.
There are a number of reasons why technology is becoming increasingly important in education.

First, technology can provide students with access to a wealth of information and resources that
would not be possible in a traditional classroom setting. For example, students can use online
databases to research topics, watch educational videos, and collaborate with classmates from all over
the world. Second, technology can help to personalize the learning experience for each student. For
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example, teachers can use computer-assisted instruction (CAl) programs to provide students with
individualized instruction based on their specific needs and learning styles. Third, technology can help
to make learning more engaging and interactive. For example, teachers can use games, simulations,
and other forms of educational technology to capture students' attention and help them to learn
more effectively. Of course, there are also some challenges associated with using technology in
education. For example, teachers need to be properly trained on how to use technology effectively
in their classrooms. Additionally, there is a digital divide that can make it difficult for all students to
have access to technology. However, the potential benefits of technology in education are clear. As
teachers become more comfortable using technology in their classrooms, we can expect to see even
more research published on this topic in the years to come.

RQ2: Who writes the most cited articles?

Table 3

Most cited articles

Author Name Number of Documents Percentages (%)
Ekpenyong, J.A. 3 11.54
Engstrém, M. 3 11.54
Eriksson, E. 3 11.54
Hogstedt, D. 3 11.54
Jansson, I. 3 11.54
Owan, V.J. 3 11.54
Ahmed, M.M.H. 2 7.69
Akel, M. 2 7.69
Berger, E. 2 7.69
Bertel, L.B. 2 7.69

In the bibliometric analysis focusing on “Bridging Education and Technology: The Role of Teachers
in the Digital Age”, the data obtained from the Scopus analyzer provide insights into the contribution
of various authors in this field. The table displays the number of documents attributed to each author,
along with their corresponding percentages. Among the authors listed, Ekpenyong, J.A., Engstrom,
M., Eriksson, E., Hogstedt, D., and Jansson, |., each have three documents attributed to them,
representing 11.54% of the total documents each. This suggests a substantial contribution from these
authors to the literature on the intersection of education and technology, particularly in relation to
the role of teachers in the digital age. Similarly, Owan, V.J., Ahmed, M.M.H., Akel, M., Berger, E., and
Bertel, L.B., each have two documents credited to them, accounting for 7.69% of the total documents
each. While their individual contributions may be slightly lower compared to the first group, they still
represent significant involvement in this area of research.

The distribution of documents among these authors indicates a diverse pool of contributors with
varying levels of engagement in exploring the role of teachers in leveraging technology for
educational purposes. This diversity suggests a robust and multifaceted examination of the topic,
encompassing different perspectives and approaches. Further analysis could delve into the specific
themes or aspects of education-technology integration addressed by each author, as well as potential
collaborations or networks among them. Understanding these dynamics can provide deeper insights
into the scholarly landscape surrounding the subject matter, potentially revealing emerging trends,
gaps in research, or areas ripe for further exploration. Overall, the data highlights the active
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engagement of multiple authors in investigating the relationship between education and technology,
particularly focusing on the pivotal role of teachers in adapting to and harnessing digital tools for
effective teaching and learning practices in the modern era.

RQ3: What are the most publication country?

Documents by country or territory Scopus

Compare the document counts for up to 15 countries/territories,

United Kingdom _
crine -
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South Africa _
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Fig. 2. Documents by country or territory

The figure depicting document distribution by country, gleaned from the Scopus database, offers
a fascinating glimpse into the geographical landscape of research on “Bridging Education and
Technology: The Role of Teachers in the Digital Age”. While the US, UK, Canada, and Australia lead
the pack, suggesting a concentration in developed economies, the presence of countries like South
Africa, India, and Italy reveals a burgeoning global interest. This trend likely reflects the confluence
of factors in developed nations, such as ample resources for educational technology initiatives,
robust professional development opportunities for teachers, and a well-established research culture
in education.

However, the rise of publications from developing regions suggests a shift — educators worldwide
are recognizing the transformative potential of technology in education. Further investigation could
delve deeper into the reasons behind this distribution. Are there specific educational technology
grants or research initiatives driving publication surges in certain countries? Additionally, potential
limitations like a bias towards English-language publications or Scopus' indexing practices should be
considered. By critically analyzing this data and exploring these nuances, we gain a richer
understanding of the diverse perspectives and approaches shaping research on teachers and
technology in the digital age, paving the way for potential collaborations and knowledge exchange
across borders.
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RQ4: Who is the top 10 auditor?

Table 4
Top 10 most cited articles
Authors Title Year  Source Title Cited by
Modgil S.; Singh R.K.; Artificial intelligence for supply chain 2022 International 118
Hannibal C. resilience: learning from Covid-19 Journal of
Logistics
Management
Buhalis D.; Volchek K.  Bridging marketing theory and big data 2021 International 62
analytics: The taxonomy of marketing Journal of
attribution Information
Management
Ticheloven A.; Blom Translanguaging challenges in multilingual 2021 International 48
E.; Leseman P.; classrooms: scholar, teacher and student Journal of
McMonagle S. perspectives Multilingualism
Li X.; Yang Y.; Chu Applying blended synchronous teaching and 2022 Asia Pacific 44
S.K.W.; Zainuddin Z.; learning for flexible learning in higher Journal of
Zhang Y. education: an action research study at a Education
university in Hong Kong
Quarchioni S.;  Knowledge management in higher education:a 2022 Knowledge 35
Paternostro S.; literature review and further research avenues Management
Trovarelli F. Research and
Practice
Wang C.; Wang Z.-H.;  Perceptions of urban heat island mitigationand 2021 Sustainable 35
Kaloush K.E.; Shacat implementation strategies: survey and gap Cities and
J. analysis Society
Johari M.; Keyvan- Macroscopic network-level traffic models: 2021 Transportation 32
Ekbatani M.; Leclercq  Bridging fifty years of development toward the Research Part
L.; Ngoduy D.; nextera C: Emerging
Mahmassani H.S. Technologies
McMahan P.; Creative Destruction: The Structural 2021 American 32
McFarland D.A. Consequences of Scientific Curation Sociological
Review
Lopes A.V,; Farias J.S. How can governance support collaborative 2022 International 30
innovation in the public sector? A systematic Review of
review of the literature Administrative
Sciences
Kukkakorpi M.; Pantti A Sense of Place: VR Journalism and Emotional 2021 Journalism 29
M. Engagement Practice

The top 10 most cited articles in the bibliometric analysis on "Bridging Education and Technology:
The Role of Teachers in the Digital Age," as revealed by the Scopus analyzer, present a diverse range
of topics and perspectives within this field. Each article offers unique insights and contributes to our
understanding of the complex interplay between education, technology, and the role of teachers in
the digital era.

1. "Artificial intelligence for supply chain resilience: learning from Covid-19" by Modgil S., Singh
R.K., and Hannibal C. (2022) published in the International Journal of Logistics Management, emerges
as the most cited article with 118 citations. This article explores the application of artificial
intelligence in enhancing supply chain resilience, drawing lessons from the challenges posed by the
Covid-19 pandemic.

2. "Bridging marketing theory and big data analytics: The taxonomy of marketing attribution" by
Buhalis D. and Volchek K. (2021) in the International Journal of Information Management, follows
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closely with 62 citations. This article delves into the integration of marketing theory with big data
analytics, particularly focusing on marketing attribution.

3. "Translanguaging challenges in multilingual classrooms: scholar, teacher and student
perspectives" by Ticheloven A., Blom E., Leseman P., and McMonagle S. (2021) published in the
International Journal of Multilingualism, addresses the complexities of translanguaging in
multilingual classrooms, offering insights from various stakeholders.

The remaining articles in the top 10 cover a wide array of topics such as blended synchronous
teaching and learning, knowledge management in higher education, urban heat island mitigation
strategies, macroscopic traffic network models, creative destruction in scientific curation,
collaborative innovation in the public sector governance, and virtual reality journalism's emotional
engagement. Each article contributes valuable knowledge and understanding to the overarching
theme of education-technology integration and the role of teachers in navigating this landscape. The
high citation counts signify the significance and impact of these articles within the scholarly
community, indicating their relevance and contribution to advancing research and practice in the
field. Further analysis of these articles could reveal trends, gaps, and emerging areas of interest,
informing future research directions and initiatives aimed at enhancing educational practices in the
digital age.

RQ5: What are the popular keywords related to the study?
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Fig. 3. Network visualization map of author keywords' co-occurrence

The network visualization map shows the co-occurrence of author keywords in research related
to education and technology, analyzed using VOSviewer. This type of bibliometric mapping helps in
understanding the connections and main themes that researchers have focused on within this field.
In this map, we can see clusters represented by different colors, each indicating a thematic group
within the broader research area. For example:
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Red Cluster (left)

This cluster is heavily focused on "students," "higher education,"” "teaching," and keywords
associated with technology and learning, such as "digital divide," "artificial intelligence," and "climate
change." This suggests a significant body of research examining how technology impacts students
and higher education, particularly in relation to emerging technologies and the challenges they bring,
like digital inequality and adaptation to climate change. The terms "e-learning" and "social media"
also appear frequently here, indicating discussions around online learning platforms and digital
communication tools.

Green Cluster (center)

The green cluster centers around "education," "student," "teacher training," and "professional
development.” This cluster appears to focus on the roles of teachers and educational institutions,
especially how they can support student learning in a digital environment. "Leadership" and
"participation"” suggest a focus on how teachers and students can actively engage and lead in the
educational process. This aligns well with the theme of your article on the role of teachers in bridging
education and technology.

Blue Cluster (right-center)

nn nn

Here, "human," "qualitative research," and demographic descriptors like "female," "male," and
"adult" are prominent, along with "human experiment." This cluster appears to represent studies
that use qualitative research methods, likely exploring the human and social dimensions of education
and technology integration, including health and psychological aspects. This suggests a focus on
understanding the impact of digital tools from a more personal or psychological perspective, possibly
to assess how technology use affects human behavior in educational contexts.

Yellow Cluster (right)
This cluster focuses on "nursing education," "clinical study," and "health education," indicating
research intersections between technology, healthcare, and education. It reflects studies that
explore the role of digital tools in training healthcare professionals, as well as the implications of
technology in health-related educational fields.

This network map suggests a multi-dimensional view of education and technology, with studies
addressing both practical aspects, such as teacher training and the student experience, and broader
concerns like digital equity and the social implications of technology.
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RQ6: What are the map of co-authorship about the role of teachers integrating education and
technology?

zhang, y.

singh, s.

%, VOSviewer wans. ¢

Fig. 4. Network visualization map of co-authorship by author

The network visualization map provided, presumably created using VOSviewer, represents a co-
authorship analysis relevant to the theme of "Bridging Education and Technology: The Role of
Teachers in the Digital Age." However, the map currently shows a very sparse network with only
three nodes, each representing an author: Zhang Y., Wang C., and Singh S. The sparseness of the
network could suggest several things about the current state of research within your specific topic
area:

5.1 Emerging Field or Niche Topic

If the topic is particularly new or a niche within the broader field of education technology, there
may not yet be a dense network of researchers working on it. This would result in few connections
(co-authorships) and a small number of researchers appearing as isolated nodes in the visualization.
5.2 Independent Research Streams

The authors shown may represent distinct research streams or geographical regions that have
not yet converged. Their isolation indicates that they are not referencing each other's work or

collaborating, which may point to opportunities for cross-pollination of ideas and collaborative
research efforts.
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5.3 Data Scope Limitations

The visualization might also be the result of a limitation in the dataset used for analysis. It could
be that the dataset is limited to specific journals, conferences, or time periods that do not capture
the full spectrum of existing research collaborations.

5.4 Database Indexing

The lack of connections could also be due to the indexing of the database from which the data
was extracted. If the database has limited coverage of the field or misses out on key publications
where these authors have collaborated, the network will not show connections.

Regardless of the reason for the sparse network, this visualization provides an interesting
perspective on the research landscape. It could be a call to action for researchers like Zhang Y., Wang
C., and Singh S. to seek out collaborative opportunities. Interdisciplinary and cross-institutional
collaborations often enhance research quality and impact by combining diverse skills and
perspectives.

6. Discussion and Conclusion
6.1 Discussion

This bibliometric analysis has highlighted the evolving role of teachers in technology integration
within educational settings, underscoring several trends, prominent contributors, and key themes in
current literature. However, the findings also reveal areas where additional qualitative and
contextual insights are necessary. Notably, while bibliometric data identifies broad challenges related
to technology integration, a lack of empirical case studies limits the depth of understanding around
specific teacher experiences. Addressing this gap could involve incorporating qualitative data or
detailed case studies to explore the nuanced ways teachers in various educational settings—such as
K-12, higher education, urban, and rural environments—navigate digital demands and integrate
technology effectively. For instance, understanding teachers’ perspectives on training adequacy,
access to resources, and institutional support could offer a richer context for the quantitative trends
identified.

A key challenge facing educators in technology integration is access to necessary resources,
including reliable digital tools and infrastructure. This challenge, more pronounced in under-
resourced or rural educational contexts, constrains teachers’ ability to implement digital solutions
uniformly. Further, professional development and ongoing training represent significant barriers;
teachers need continuous support to adapt to the fast-evolving digital landscape, yet many
educational systems provide only limited training that often lacks practical relevance. Institutional
support also plays a crucial role, where administrative policies and school leadership may either
facilitate or impede technology integration. These barriers suggest that without targeted
interventions, the potential of educational technology to foster inclusive, personalized learning
experiences remains constrained.

Additionally, the findings indicate the need to contextualize technology integration within
specific educational demographics. For example, K-12 educators may encounter different challenges
and opportunities compared to their counterparts in higher education, as younger students have
unique developmental and cognitive needs. Similarly, urban and rural educators face distinct
challenges in digital access and engagement, which can further compound the digital divide. The
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diverse educational settings identified here underscore the importance of tailoring technology
integration strategies to specific demographic and contextual needs.

6.2 Conclusion

This study contributes a bibliometric overview of research on teacher roles in the digital age,
mapping the existing literature landscape and identifying areas for future exploration. While the
study reveals prominent themes and contributors, future research could deepen these insights by
including qualitative studies or mixed methods that provide a practical, context-sensitive
understanding of technology integration challenges. For example, case studies in rural schools or
comparative analyses between K-12 and higher education could offer practical insights into how
different educational settings manage technological resources and support teacher readiness for
digital integration. Such research could also explore specific interventions that address access
disparities, particularly in developing regions, providing models for equitable and sustainable
technology use.

Looking ahead, research could focus on targeted areas like the impact of professional
development programs on teacher digital competence and the role of institutional policies in shaping
digital access. Studies that capture teacher experiences through interviews or surveys would also add
empirical depth, offering insights into the practical challenges and opportunities of digital
integration. Furthermore, examining the impact of technology integration on student outcomes
across varied settings can help contextualize findings within broader educational goals.

This study’s contributions lay a foundation for more detailed investigations, promoting an
inclusive and supportive approach to technology integration that aligns with the diverse realities of
modern education. By addressing the distinct needs of different educational settings, policymakers
and practitioners can design more effective, context-aware strategies that empower teachers and
enhance student engagement with digital tools.

7. Research Gap and Contribution of Study
7.1 Research Gap

While the integration of technology in education has received considerable research attention,
specific gaps remain that hinder a comprehensive understanding of the teacher’s role in this process.
First, there is limited focus on the specific challenges teachers encounter with technology integration,
particularly regarding disparities in access, insufficient professional development, and varying levels
of institutional support. These barriers impact teachers’ capacity to fully utilize digital tools, yet few
studies examine these issues in detail or provide targeted strategies to overcome them. Additionally,
existing literature rarely addresses how teachers sustain and adapt their digital competencies over
time, especially within diverse educational contexts. The ongoing digital divide, particularly in
developing regions, further exacerbates these challenges, signalling a need for research that explores
equitable access to technological resources. Although bibliometric analyses are common for mapping
broader trends in educational technology, few have specifically targeted the nuanced challenges and
gaps in teacher engagement with digital tools, especially in primary and secondary educational
settings.
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7.2 Contribution of the Study

This study offers a novel contribution by employing bibliometric analysis to systematically
examine the evolving role of teachers within the context of technology integration. Through an
analysis of publication patterns, influential works, and emerging research themes, this study
highlights critical areas such as teacher training, digital competence, and strategies for overcoming
access disparities. By pinpointing these research hotspots, the study provides actionable insights for
educators, policymakers, and researchers, guiding efforts to foster digital literacy and effective
teaching practices. Furthermore, adopting an interdisciplinary perspective, this research bridges the
gap between global educational systems and technology implementation challenges, thereby
advancing discussions on equitable and inclusive technological integration in the classroom. This
work contributes to the literature by offering a comprehensive, data-driven foundation for future
research and policy interventions, supporting teachers in adapting to the demands of digital-age
education.

Acknowledgement
This research was not funded by any grant.

References

[1] Ismail, Nor Asmawati, Najihah Abd Wahid, Ahmad Shidki Mat Yusoff, Noradilah Abdul Wahab, Baidruel Hairiel
Abd Rahim, Norliana Abd Majid, Nik Murshidah Nik Din, Raihan Mohd Ariffin, Wan lImiwati Wan Adnan, and Rosdi
Zakaria. "The challenges of industrial revolution (IR) 4.0 towards the teacher’s self-efficacy." In Journal of Physics:
Conference Series, vol. 1529, no. 4, p. 042062. I0P Publishing, 2020. https://doi.org/10.1088/1742-
6596/1529/4/042062

[2] Romanowski, Michael H., Hadeel Alkhateeb, and Ramzi Nasser. "Policy borrowing in the gulf cooperation council
countries: Cultural scripts and epistemological conflicts." International Journal of Educational Development 60
(2018): 19-24. https://doi.org/10.1016/j.ijedudev.2017.10.021

[3] Rahardja, Untung, Qurotul Aini, Yuliana Isma Graha, and Melani Rapina Tangkaw. "Gamification framework
design of management education and development in industrial revolution 4.0." In Journal of Physics: Conference
Series, vol. 1364, no. 1, p. 012035. IOP Publishing, 2019. https://doi.org/10.1088/1742-6596/1364/1/012035

(4] Jamaluddin, Rahimah, Nor Haslinda Mohd Shah, Mohd Hazwan Mohd Puad, Enio Kang Mohd Sufian Kang, and
Rosnani Jusoh. "The Integration of Science Technology Engineering and Mathematics (STEM) in Home Science:
Teachers' Understanding and Challenges." Journal of Advanced Research in Applied Sciences and Engineering
Technology 31, no. 2 (2023): 42-50. https://doi.org/10.37934/araset.31.2.4250

[5] Hanafi, Mohd Fakrul Hafiz Mohd, Abdul Hakim Abdullah, and Malihah Yumni Mohd Razally. "The Utilization of
the Student-Centred Technology Integration Model in Islamic Education: A Bibliometric." Journal of Advanced
Research in Applied Sciences and Engineering Technology (2024): 225-238.

[6] McDougall, Julian, Mark Readman, and Philip Wilkinson. "The uses of (digital) literacy." Learning, media and
technology 43, no. 3 (2018): 263-279. https://doi.org/10.1080/17439884.2018.1462206

[7] Reddy, Pritika, Kaylash Chaudhary, and Shamina Hussein. "A digital literacy model to narrow the digital literacy
skills gap." Heliyon 9, no. 4 (2023). https://doi.org/10.1016/j.heliyon.2023.e14878

[8] Gikandi, Joyce Wangui, Donna Morrow, and Niki E. Davis. "Online formative assessment in higher education: A
review of the literature." Computers & education 57, no. 4 (2011): 2333-2351.
https://doi.org/10.1016/j.compedu.2011.06.004

[9] de Sousa, Milena Nunes Alves, Elzenir Pereira de Oliveira Almeida, and André Luiz Dantas Bezerra. "Bibliometrics:
what is it? What is it used for? And how to do it?." Cuadernos de Educaciéon y Desarrollo 16, no. 2 (2024): e3042-
e3042. https://doi.org/10.55905/cuadv16n2-021

[10] Gonzélez-Nieto, Noé Abraham, Caridad Garcia-Herndndez, and Margarita Espinosa-Meneses. "School culture and
digital technologies: Educational practices at universities within the context of the covid-19 pandemic." Future
Internet 13, no. 10 (2021): 246. https://doi.org/10.3390/fi13100246

[11]  Mei, Xiang Ying, Endre Aas, and Magnhild Medgard. "Teachers’ use of digital learning tool for teaching in higher
education: Exploring teaching practice and sharing culture." Journal of applied research in higher education 11,
no. 3 (2019): 522-537. https://doi.org/10.1108/JARHE-10-2018-0202

55


https://doi.org/10.1088/1742-6596/1529/4/042062
https://doi.org/10.1088/1742-6596/1529/4/042062
https://doi.org/10.1016/j.ijedudev.2017.10.021
https://doi.org/10.1088/1742-6596/1364/1/012035
https://doi.org/10.37934/araset.31.2.4250
https://doi.org/10.1080/17439884.2018.1462206
https://doi.org/10.1016/j.heliyon.2023.e14878
https://doi.org/10.1016/j.compedu.2011.06.004
https://doi.org/10.55905/cuadv16n2-021
https://doi.org/10.3390/fi13100246
https://doi.org/10.1108/JARHE-10-2018-0202

Semarak International Journal of Innovation in Learning and Education
Volume 4, Issue 1 (2024) 42-57

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]
(27]

(28]

[29]

(30]

(31]

(32]

Su, Jiahong, and Weipeng Yang. "A systematic review of integrating computational thinking in early childhood
education." Computers and Education Open 4 (2023): 100122. https://doi.org/10.1016/j.cae0.2023.100122
Smeda, Najat, Eva Dakich, and Nalin Sharda. "The effectiveness of digital storytelling in the classrooms: a
comprehensive study." Smart Learning Environments 1 (2014): 1-21. https://doi.org/10.1186/s40561-014-0006-
3

Nurmala, Ira, Sugeng lIrianto, Sherly Franchisca, Helfany Amsa, and Ratna Susanti. "Technology-enhanced
language learning: A meta-analysis study on English language teaching tools." Journal on Education 6, no. 1
(2023): 2188-2195. https://doi.org/10.31004/joe.v6i1.3221

Howe, Edward R. "A narrative of teacher education in Canada: Multiculturalism, technology, bridging theory and
practice." Journal of Education for Teaching 40, no. 5 (2014): 588-599.
https://doi.org/10.1080/02607476.2014.956540

Soto, Melissa, Dittika Gupta, Lara Dick, and Mollie Appelgate. "Bridging distances: professional development for
higher education faculty through technology-facilitated lesson study." Journal of University Teaching & Learning
Practice 16, no. 3 (2019): 7. https://doi.org/10.53761/1.16.3.7

Jamil, Md Golam, and Sakirulai Olufemi Isiaq. "Teaching technology with technology: approaches to bridging
learning and teaching gaps in simulation-based programming education." International Journal of Educational
Technology in Higher Education 16, no. 1 (2019): 25. https://doi.org/10.1186/s41239-019-0159-9

Akim, Ummu Aiman, Mohd Shafie Rosli, and Nor Shela Saleh. "Toward Digital School: The Level of Usage,
Competency and Awareness for Digital Storage Among School Administrators Pre to the Covid-19 Era." Journal of
Advanced Research in Applied Sciences and Engineering Technology 34, no. 1 (2024): 249-256.
https://doi.org/10.37934/araset.34.1.249256

Bradley, Alexandria, and Bill Davies. "Devastation and innovation: Examining prison education during a national
pandemic." Journal of Criminal Psychology 11, no. 3 (2021): 173-187. https://doi.org/10.1108/JCP-12-2020-0051
Jagust, Tomislav, and lvica Boticki. "Mobile learning system for enabling collaborative and adaptive pedagogies
with modular digital learning contents." Journal of Computers in Education 6, no. 3 (2019): 335-362.
https://doi.org/10.1007/s40692-019-00139-3

Ma, Raja Noor Farah Azura Raja, Raja Lailatul Zuraida Raja Ma’amor, Noraida Othman, Irwan Nayan, and Sri
Rejeki. "Enhancing Early Childhood Education With Active-Based STEM And STEAM Methods." Journal of
Advanced Research in Applied Sciences and Engineering Technology (2024): 182-193.

Val, Sonia, and Helena Lépez-Bueno. "Analysis of Digital Teacher Education: Key Aspects for Bridging the Digital
Divide and Improving the Teaching—Learning Process." Education Sciences 14, no. 3 (2024): 321.
https://doi.org/10.3390/educsci14030321

Singh, Swapnil, Uma Shankar Singh, and Malgorzata Nermend. "Decision analysis of e-learning in bridging digital
divide  for  education dissemination." Procedia  Computer  Science 207 (2022): 1970-1980.
https://doi.org/10.1016/j.procs.2022.09.256

Gottschalk, Francesca. "Impacts of Technology Use on Children: Exploring Literature on the Brain, Cognition and
Well-Being. OECD Education Working Papers, No. 195." OECD Publishing (2019).

Garzoén-Artacho, Esther, Tomas Sola-Martinez, José-Maria Romero-Rodriguez, and Gerardo Gdémez-Garcia.
"Teachers' perceptions of digital competence at the lifelong learning stage." Heliyon7, no. 7 (2021).
https://doi.org/10.1016/j.heliyon.2021.e07513

Urbina, Fabio, Filippa Lentzos, Cédric Invernizzi, and Sean Ekins. "Dual use of artificial-intelligence-powered drug
discovery." Nature machine intelligence 4, no. 3 (2022): 189-191. https://doi.org/10.1038/s42256-022-00465-9
Minerva, Tommaso. "Bridging researches in digital education." Journal of e-Learning and Knowledge Society 16,
no. 2 (2020).doi: 10.20368/1971-8829/1135264.

Afzal, Arfa, Saima Khan, Sana Daud, Zahoor Ahmad, and Ayesha Butt. "Addressing the digital divide: Access and
use of technology in education." Journal of Social Sciences Review3, no. 2 (2023): 883-895.
https://doi.org/10.54183/jssr.v3i2.326

Sailer, Michael, Matthias Stadler, Florian Schultz-Pernice, Ulrike Franke, Carola Schéffmann, Viktoriia Paniotova,
Lana Husagic, and Frank Fischer. "Technology-related teaching skills and attitudes: Validation of a scenario-based
self-assessment instrument for teachers." Computers in Human Behavior 115 (2021): 106625.
https://doi.org/10.1016/j.chb.2020.106625

Serezhkina, Anna. "Digital skills of teachers." In E3S Web of Conferences, vol. 258, p. 07083. EDP Sciences, 2021.
https://doi.org/10.1051/e3sconf/202125807083

Gonzdlez, Sheila, and Xavier Bonal. "COVID-19 school closures and cumulative disadvantage: Assessing the
learning gap in formal, informal and non-formal education." European journal of education 56, no. 4 (2021): 607-
622. https://doi.org/10.1111/ejed.12476

Cappello, Gianna. "Bridging the gaps: Literacy, media literacy education, and critical digital social work." J. Soc. &

56


https://doi.org/10.1016/j.caeo.2023.100122
https://doi.org/10.1186/s40561-014-0006-3
https://doi.org/10.1186/s40561-014-0006-3
https://doi.org/10.31004/joe.v6i1.3221
https://doi.org/10.1080/02607476.2014.956540
https://doi.org/10.53761/1.16.3.7
https://doi.org/10.1186/s41239-019-0159-9
https://doi.org/10.37934/araset.34.1.249256
https://doi.org/10.1108/JCP-12-2020-0051
https://doi.org/10.1007/s40692-019-00139-3
https://doi.org/10.3390/educsci14030321
https://doi.org/10.1016/j.procs.2022.09.256
https://doi.org/10.1016/j.heliyon.2021.e07513
https://doi.org/10.1038/s42256-022-00465-9
https://doi.org/10.54183/jssr.v3i2.326
https://doi.org/10.1016/j.chb.2020.106625
https://doi.org/10.1051/e3sconf/202125807083
https://doi.org/10.1111/ejed.12476

Semarak International Journal of Innovation in Learning and Education
Volume 4, Issue 1 (2024) 42-57

(33]
(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

Soc. Welfare 48 (2021): 99. https://doi.org/10.15453/0191-5096.4557

Hrastinski, Stefan. "What do we mean by blended learning?." TechTrends 63, no. 5 (2019): 564-569.
https://doi.org/10.1007/s11528-019-00375-5

Juniu, Susana. "Digital democracy in higher education: Bridging the digital divide." Innovate: Journal of Online
Education 2, no. 1 (2005).

Alvarez-Icaza, Inés, and Omar Huerta. "Augmented intelligence for open education: bridging the digital gap with
inclusive design methods." In Frontiers in Education, vol. 9, p. 1337932. Frontiers Media SA, 2024.
https://doi.org/10.3389/feduc.2024.1337932

Khalil, Aysha, Nasim Ishaq, and Andayani Boedihartono. "Digital Transformation of Teacher Education by Bridging
Digital Divide  between  Teacher  Educators and Prospective  Teachers." JCTE4  (2020).
https://doi.org/10.58444/jcte.v4i.208

Katre, Aparna. "Creative Economy Teaching and Learning--A Collaborative Online International Learning
Case." International Education Studies 13, no. 7 (2020): 145-155. https://doi.org/10.5539/ies.v13n7p145
Devanadera, Cherylyn, and Delon Ching. "School head’s managerial roles as correlates of organizational
performance." International Journal of Educational Management and Development Studies 4, no. 3 (2023): 110-
133. https://doi.org/10.53378/353015

Shapira-Lishchinsky, Orly. "A multinational study of teachers’ codes of ethics: Attitudes of educational
leaders." NASSP Bulletin 104, no. 1 (2020): 5-19. https://doi.org/10.1177/0192636520907694

Zhou, Ashley, and Marianne Fenech. "The role and influence of educational leaders in centres rated as providing
high quality early childhood educational programs." Australasian Journal of Early Childhood 47, no. 2 (2022): 148-
161. https://doi.org/10.1177/18369391221089382

Berkovich, Izhak, and Ori Eyal. "Educational leaders and emotions: An international review of empirical evidence
1992-2012." Review of Educational Research 85, no. 1 (2015): 129-167.
https://doi.org/10.3102/0034654314550046

57


https://doi.org/10.15453/0191-5096.4557
https://doi.org/10.1007/s11528-019-00375-5
https://doi.org/10.3389/feduc.2024.1337932
https://doi.org/10.58444/jcte.v4i.208
https://doi.org/10.5539/ies.v13n7p145
https://doi.org/10.53378/353015
https://doi.org/10.1177/0192636520907694
https://doi.org/10.1177/18369391221089382
https://doi.org/10.3102/0034654314550046

