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The integration of digital technologies in higher education has revolutionized educational experiences, processes, and pedagogical methods, particularly in developing countries. Additionally, sustainability in education has become a critical focus, aligning with global efforts to promote sustainable development. This study conducts a comprehensive bibliometric analysis to investigate research trends and patterns in sustainable digital transformation (SDT) within higher education in the context of developing countries from 1991 to 2024. Employing the SCOPUS database, the analysis reveals a significant increase in publications on this topic, highlighting a growing scholarly interest. Key themes identified include digital transformation, innovation, sustainability, and technology-enhanced learning environments. Influential sources and journals contributing to this field are identified, with the Journal of Educational Technology & Society being the most cited. Collaboration networks among researchers are analyzed, showcasing the interconnectedness and interdisciplinary nature of this research area. Thematic evolution mapping indicates a shift from addressing challenges and barriers to exploring opportunities and benefits of digital transformation. The findings underscore the need for tailored approaches to address the unique socio-economic and cultural challenges faced by developing countries. This study fills a gap in the literature by providing a comprehensive overview of how SDT is being explored and implemented in higher education institutions in developing countries, offering insights into future research directions and practical implications for sustainable development in this sector.
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1 Introduction

The exponential integration of digital technologies in higher education has led to a significant transformation in educational experiences, processes, and teaching and learning methods (Buzzetto-Hollywood et al., 2018; Saykili, 2019; Truong and Diep, 2023). Consequently, there is a growing body of literature on Sustainable Digital Transformation (SDT) in higher education, particularly in developing countries. Research on SDT in higher education in developing countries emphasizes the importance of practices that meet the needs of current students and faculty while ensuring access to quality education for future generations (Trevisan et al., 2024; Sparks and Katz, 2016). This includes efforts to promote environmental sustainability, such as reducing energy consumption on campuses, as well as social sustainability, aimed at creating an inclusive and equitable learning environment. Digital transformation involves integrating digital technologies into all aspects of university operations., including the utilization of online learning platforms, developing digital educational resources, and adopting innovative technologies for communication and collaboration (Akour and Alenezi, 2022; Ashmel et al., 2022). It explores how universities in developing nations can utilize technology to achieve academic objectives while minimizing environmental impact and promoting social responsibility. The focus on SDT in developing countries arises from the need to address unique challenges, including limited resources, inadequate infrastructure, and the digital divide in higher education (Goncalves and Oliveira, 2018; Yang et al., 2022).

Studies have examined the role of emerging technologies like artificial intelligence, blockchain, and virtual reality in advancing sustainability goals in higher education institutions in developing nations (Bucea-Manea-Ţoniş et al., 2021; Chaka, 2023). Scholars have also analyzed the impact of SDT on various stakeholders, including students, faculty, administrators, and local communities (Bucea-Manea-Ţoniş et al., 2021; Trenerry et al., 2021). Research suggests that SDT initiatives can yield positive outcomes, such as increased student engagement, enhanced institutional reputation, and greater social responsibility (Alojail and Khan, 2023; Brunetti et al., 2020). Bibliometric studies have made noteworthy contributions to our understanding of research trends in technology, education, sustainability, and organizational studies in developing countries (Hallinger and Chatpinyakoop, 2019; Grosseck et al., 2019). Bibliometric analyses have proven effective in uncovering trends, identifying major research themes, and highlighting emerging areas of interest in developing countries (Razali et al., 2024). Multiple studies are necessary to map the landscape of sustainable digital transformation in higher education within developing countries comprehensively. Such studies would shed light on the evolution of research topics, publication patterns, and the extent of interdisciplinary collaborations (Bustamante-Mora et al., 2023; Braßler and Schultze, 2021).

One noteworthy trend that may be observed is the increasing focus on constructing sustainable digital infrastructure and technology-enhanced learning environments suitable for developing countries (Valdés et al., 2021; D'Ambra et al., 2022). Researchers can explore strategies to reduce energy consumption, promote digital equity, and incorporate sustainability principles into curriculum design tailored to the specific needs of developing countries. To our understanding, no studies have delved into sustainable digital transformation in developing countries higher education. March 2024, an extensive search was conducted in the SCOPUS database using key search terms such as “sustainability,” “digital transformation,” and “higher education” to investigate the extent and nature of research exclusive to developing countries. This study aims to identify the scope and depth of research on sustainable digital transformation in higher education within developing countries. Previous bibliometric studies have separately examined the topics of digital transformation and sustainability. However, there is a clear gap in the literature regarding the intersection of these two areas in higher education institutions in developing countries. This study seeks to address this gap by conducting an analysis of trends, identifying key contributors, and evaluating the impact of research in this field. By filling this research deficit, the study will provide a more comprehensive understanding of how sustainable digital transformation is being explored and implemented in higher education institutions in developing countries.



2 Methodology

Bibliometric studies are indispensable for evaluating and comprehending research publications' significance, impact, and trends within specific domains, such as sustainable digital transformation in higher education. These studies comprehensively understand the current research landscape using quantitative and qualitative techniques to analyze journals, articles, and associated citations over time (Gou et al., 2023). Such analyses aid researchers in identifying research topics, refining their focus, and predicting future trends (Kozhakhmet et al., 2023).

Bibliometric analysis allows for estimating publication numbers and trends within specific fields, facilitating a quantitative literature review by establishing connections between relevant keywords (Donthu et al., 2021; Linnenluecke et al., 2020). This standardized method evaluates written communication among authors (Skute et al., 2019), quantifies research trends and characteristics (Alqudah et al., 2023), and scrutinizes parameters such as research titles, keywords, affiliations, authors, and publication details (Chalgynbayeva et al., 2023). Additionally, bibliometric analysis extends to network analysis, including countries, co-authorship links, co-citation links, and bibliographic coupling links, which can be utilized to visualize thematic clusters or trends through citation mapping (Benavides et al., 2020).

The Scopus database was chosen for this study due to its extensive coverage and comprehensive search capabilities (Baas et al., 2020). It is well-suited for covering diverse research areas and providing accurate results (Singh et al., 2021), particularly within broad research domains such as sustainable digital transformation in higher education.

Furthermore, thematic evolution, an emerging research methodology, is the most widely accepted approach for measuring a particular research area's growth, evolution, and flows over time across multiple disciplines. It aids scholars in gaining a systematic comprehension of the growth trajectory of a specific research area. In this study, we employed Biblioshiny, a shiny application for the Bibliometrix R program, to conduct theme evaluation mapping (Büyükkidik, 2022; Ghorbani, 2024). This tool is instrumental in analyzing the evaluation theme, as it depicts the proportion of all authors' keywords by plotting the range of the subject direction on the coordinate axis.

The study selected articles, conference papers, book chapters, and reviews from the online Scopus database from 1991 to 2024, focusing on research related to digital transformation, technology transformation, innovation, higher education, universities, tertiary institutions, sustainability, and sustainable development. The search query incorporated a combination of relevant terms and Boolean operators to ensure comprehensive coverage of the research domain. Additionally, restrictions were applied to the timeframe, document type, and language to ensure the relevance and quality of the selected documents. Finally, 97 papers with the highest citation counts from 1991 to 2024 were selected for further analysis, providing insights into the trends and dynamics of sustainable digital transformation in higher education over the past three decades. The PRISMA framework facilitated the decision-making process by offering a structured methodology for the systematic review and selection of pertinent literature, thereby ensuring transparency and reproducibility in the selection criteria. By adhering to the PRISMA guidelines, as demonstrated in Figure 1, the study established explicit eligibility criteria based on the quality and relevance of the selected documents, culminating in a comprehensive analysis of sustainable digital transformation in higher education (Page et al., 2021).


[image: Figure 1]
FIGURE 1
 PRISMA.




3 Results and discussions


3.1 Main information

The study provides a comprehensive overview of research trends and patterns in the field of Sustainable Digital Transformation in Higher Education in the context of developing countries (see Figure 2). The study covers the years 1991–2024 and analyzes a dataset of 97 documents from 87 different sources, including journals, books, and scholarly works. The analysis shows an annual growth rate of 4.29%, indicating sustained interest and activity in the subject over the years.
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FIGURE 2
 Main information.


One notable finding is that the average age of the documents is 8.32 years. This suggests that while ongoing research is being conducted, much of the foundational work in sustainable digital transformation in higher education in developing countries was done several years ago. However, despite this, the average citations per document are relatively high at 13.11, indicating that the research in this area has had a significant impact and remains relevant. The study also explores the collaborative nature of research in this field. While 324 unique authors contributed to the literature, it is worth noting that 17 documents were single authored, showing a balance between individual and collaborative efforts. Furthermore, with an average of 3.38 co-authors per document and an international co-authorship rate of 30.93%, it highlights scholarly work's global and collaborative nature in sustainable digital transformation.

In terms of document types, most contributions are in the form of articles and conference papers, suggesting a preference for disseminating research findings through these channels. However, including books, book chapters, reviews, and notes demonstrates a diverse range of scholarly outputs contributing to the discourse on sustainable digital transformation in higher education in developing countries. This bibliometric analysis highlights sustainable digital transformation in higher education within developing countries, which has seen a 4.29% annual increase in research output from 1991 to 2024. It shows significant global collaboration, with 324 unique authors contributing to the literature and an international co-authorship rate of 30.93%, underscoring the impactful nature of scholarly work in this field. The study also reveals a mix of individual and collaborative research efforts, with high citation rates reflecting the ongoing relevance of foundational studies.



3.2 Publication and citation trends

Figure 3 presents the publication and citation trends for the study on sustainable digital transformation in higher education in developing countries. The total number of citations received provides valuable insights into the volume of research output and the impact of these publications. Starting from the early 2000s, there has been a noticeable increase in the number of publications, with peaks occurring in 2008, 2016, 2019, and 2020. This trend reflects the growing interest and scholarly activity in the field of sustainable digital transformation in higher education in developing countries. It indicates that researchers are increasingly exploring and addressing the complexities and challenges associated with digital transformation initiatives in these contexts.
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FIGURE 3
 Publication and citation trends.


The distribution of citations varies across different years, with peaks observed in 2005, 2008, 2009, 2011, 2012, and 2020. These peaks likely correspond to periods of increased scholarly activity and significant contributions to the field, as evidenced by the impact of these publications in terms of citations received.

It is worth noting that there is a discrepancy between the number of publications and citations in specific years. For example, in 2020, there was a relatively high number of publications (8), but the total number of citations received was comparatively lower (69). This suggests that while there is a substantial amount of research output, the impact and recognition of these publications may vary, with some receiving more attention than others.

Conversely, in years like 2005, 2008, and 2019, there is a clear correlation between the number of publications and citations, indicating a strong relationship between research output and impact during those periods.

The decrease in publications and citations in 2024 may be due to the dataset's cutoff year, suggesting that the study may not capture the most recent developments and contributions in the field.

Sustainable digital transformation in higher education within developing countries has received increasing scholarly attention, evidenced by significant peaks in both publications and citations during key years, notably 2008, 2016, 2019, and 2020. Although there has been a consistent output of research, the impact of these studies, as measured by citations, demonstrates considerable variability. For instance, the year 2020 saw a higher volume of publications despite a lower citation count. This phenomenon illustrates the growing complexity of digital transformation in these regions and the varying degrees of recognition and impact associated with individual studies.



3.3 Contributing countries

Figure 4 provided below offers a comprehensive overview of the countries that contribute to sustainable digital transformation in higher education in developing countries. It presents their research contributions and impact using various metrics, such as collaboration intensity, volume of research documents, and citation impact. Major contributors include the United States, the United Kingdom, and China. The United States leads with the highest number of documents (14) and citations (451), as well as the highest normalized citations (14.5094), which highlights the influential nature of its research. The United Kingdom closely follows, demonstrating significant collaboration (total link strength of 467) and notable citations (175), indicating strong international networks. China also makes a robust contribution, with 113 citations and a normalized citation score of 15.0209, primarily focusing on research conducted after 2018.
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FIGURE 4
 Contributing countries.


The analysis reveals a combination of emerging and established contributors. Emerging contributors, such as Ghana and Malaysia, show notable impacts despite having fewer research documents. This is evident through their high citation counts and normalized citations, which showcase the quality of their research outputs. Established contributors, like the United Kingdom and the United States, demonstrate early and sustained involvement in the field, with substantial citation impacts and collaborative solid networks. The geographic distribution of contributing countries spans various regions, including Africa (e.g., Ghana, Kenya), Asia (e.g., China, India), Europe (e.g., Germany, France), and the Americas (e.g., the United States, Brazil). This underscores the global interest in sustainable digital transformation in higher education. The diverse and widespread research effort highlights the collective commitment to addressing the challenges and opportunities of digital transformation in the higher education sector of developing countries.



3.4 Influential sources

Table 1 provides insights into influential sources or journals in the study on sustainable digital transformation in higher education in developing countries. These sources are significant because they contribute to scholarly discourse in related fields and may have influenced research on sustainable digital transformation in higher education in developing countries.


TABLE 1 Influential sources.
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Among the listed sources, “Sustainability” from Switzerland stands out with an h-index of 4, indicating that it has published at least four papers, each cited at least four times. This suggests that “Sustainability” has notably impacted its field. Although it began publishing relevant articles in 2018, which is relatively recent compared to other sources, it has already gained attention and influence. “Science and Public Policy” is also influential, with an h-index of 3 and a total citation count of 148. Despite publishing fewer papers compared to some other sources, its impact, especially in public policy, is significant, as shown by its high citation count.

Furthermore, the table includes sources contributing to specific themes relevant to the study, such as “Adoption and Impact of OER in the Global South.” Although it has a lower h-index and citation count, it focuses on a niche area that intersects with the broader topic of digital transformation in higher education in developing countries, making it a valuable resource for researchers interested in this aspect. Additionally, the presence of conference proceedings from the ACM International Conference Proceeding Series and the ASEE Annual Conference and Exposition highlights the importance of conference contributions in disseminating research findings and promoting discussions in this field. The table emphasizes the diverse range of sources that have contributed to the scholarly landscape surrounding sustainable digital transformation in higher education in developing countries. These influential sources are crucial in shaping discourse, sharing knowledge, and driving further research in this field.



3.5 Influential authors

Table 2 provides a list of influential authors in the field of sustainable digital transformation in higher education in developing countries. These authors have made significant contributions to the scholarly discussion on the subject, as indicated by metrics such as their h-index, g-index, and total citation count (TC).


TABLE 2 Influential authors.
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Saad M and Zawdie G stand out as notable figures, each with an h-index of 2 and a g-index of 3, highlighting their substantial impact on the field. Since 2008, they have published works that have garnered 66 citations, demonstrating their influence over the years. Their contributions likely cover various topics related to sustainable digital transformation in higher education, providing valuable insights to the academic community. Among the authors listed, there are also individuals who, despite having a lower citation count, have made noteworthy contributions. For example, Agarwal A, Ahmed SJ, Al-Amin AQ, and Alam GM have more recently published works with an h-index and g-index of 1. While their citation counts may be lower than others, their contributions, particularly in recent years, suggest the emergence of new voices in the field, promising future impact and growth.

Additionally, the table reveals the international nature of research collaboration, exemplified by authors like Aubakirova GM and Ashalatha KV. Despite their lower citation counts, their inclusion highlights the global reach of scholarly work on sustainable digital transformation in higher education in developing countries. This diversity of backgrounds and perspectives enriches the discussion and fosters a sense of global academic community. The table underscores the importance of individual authors in shaping the research landscape in this field. Whether through longstanding contributions or emerging voices, these authors play a crucial role in advancing knowledge and understanding of sustainable digital transformation in the context of higher education in developing countries. Their work contributes to the collective body of literature and informs future research directions in this dynamic and evolving area.



3.6 Collaboration network

Figure 5 provides insights into the collaboration network among researchers working on sustainable digital transformation in higher education in developing countries. Each node represents an author, while the cluster indicates the group or community they belong to within the network. Authors Saad M and Zawdie G are clustered in Group 1, indicating a close collaboration or similarity in their research focus or methodologies. Both authors have high closeness centrality and PageRank scores, suggesting they are central figures within their collaborative network, with strong connections to other nodes. Similarly, authors Al-Amin AQ and Alam GM are grouped in Cluster 2, indicating another collaborative community. They also have high closeness centrality and PageRank scores, suggesting their significance within their respective collaborative circles.
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FIGURE 5
 Collaboration network.


The presence of multiple clusters, such as authors Antonova IS and Belkina EN in Cluster 3, Aubakirova GM and Biryukov VV in Cluster 4, and others, suggests a diverse range of collaborative groups or research communities within the broader network of researchers studying sustainable digital transformation in developing countries higher education. Authors in Group 6, such as Barbir J, Brandli LL, and Caldana ACF, have slightly lower closeness centrality scores. This indicates that while they are part of the collaborative network, their connections to other nodes may not be as strong or direct as in other clusters. Furthermore, authors with higher betweenness centrality scores, such as Ayers B, Bates B, Bauer P, and Caputy MP in Group 10, play important bridging roles within the collaboration network, connecting different clusters or communities of researchers.

The collaboration network in the table reflects the interconnectedness of researchers studying sustainable digital transformation in developing countries higher education. The analysis reveals distinct collaborative groups characterized by central figures and key bridging authors who connect various clusters. This emphasizes the collaborative nature of research in sustainable digital transformation in higher education within developing countries. This network structure underscores the importance of interdisciplinary and cross-institutional collaboration in advancing knowledge and addressing the challenges associated with digital transformation in these contexts.



3.7 Most frequent words

Figure 6 presents the most common words extracted from studies on sustainable digital transformation in higher education in developing countries. These terms provide valuable insights into the primary themes and topics covered in the research literature on sustainable digital transformation in higher education, especially in developing countries. Unsurprisingly, terms like “developing countries” and “developing world” appear most frequently, with 38 and 11 occurrences, respectively. This highlights the study's focus on the challenges and opportunities developing nations face in the digital transformation of their higher education systems. Another notable term, “sustainable development,” is mentioned 33 times, indicating a strong emphasis on digital transformation initiatives' long-term viability and environmental, social, and economic sustainability within higher education institutions.


[image: Figure 6]
FIGURE 6
 Word cloud.


Other significant terms include “innovation” (22 occurrences), “economics” (8), “education” (8), “engineering education” (7), and “sustainability” (6). These terms reflect the multidimensional nature of the study, which likely explores not only the technological aspects of digital transformation but also its economic, educational, and environmental dimensions. Furthermore, terms such as “technology transfer,” “information management,” “organizational innovation,” “product design,” and “research” suggest a focus on the practical implications and implementation strategies of digital transformation within higher education institutions. The inclusion of specific geographical references like “China,” “Africa,” and “developing country” further emphasizes the global scope of the study, highlighting the diverse contexts in which digital transformation initiatives are being implemented and studied.

Moreover, terms like “higher education,” “students,” “teaching,” and “learning” underscore the impact of digital transformation on core aspects of the higher education experience, including pedagogy, curriculum development, and student learning outcomes. The frequency analysis of terms provides a comprehensive overview of the main themes and topics addressed in the study, shedding light on the complex interplay between digital transformation, sustainability, innovation, and development within the higher education sector of developing countries.



3.8 Thematic evolution

The study gives the progression of Sustainable Digital Transformation in Higher Education in Developing Countries over time (see Figure 7). It illustrates the changing focus and themes in research, shedding light on how the field has evolved. For example, the shift from “sustainable development” in 1991–2011 to “developing countries” in 2012–2017 indicates a move from broad conceptual frameworks to more specific geographical contexts. Kioupi and Voulvoulis (2022) examine the transition from general frameworks of sustainable development to more specific contexts, particularly in developing countries. Similarly, Leal Filho et al. (2019) underscore the necessity of customizing sustainable development strategies to address the distinct challenges and requirements faced by these nations. Collectively, these studies highlight the importance of contextualizing sustainable development initiatives to effectively meet the needs of developing countries. This change is further supported by the weighted inclusion index, which demonstrates a decrease in the prominence of sustainable development favoring developing countries. Annan-Diab and Molinari (2017) explores the significance of sustainable development concepts in the context of the challenges confronting developing countries. In contrast, Baker-Shelley et al. (2017) emphasizes the necessity of addressing immediate challenges rather than prioritizing broader sustainable development strategies. Collectively, these studies underscore the imperative to adapt sustainable development approaches to effectively tackle the unique issues faced by developing nations.
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FIGURE 7
 Thematic evolution.


Similarly, the transition from “planning” to “developing countries” signifies a shift from theoretical and strategic considerations to a more practical focus on the challenges and opportunities within developing country contexts. The stability index suggests that this theme has consistently remained important over time. Similarly, López-Alcarria et al. (2019) argue that education, as a key process for developing sustainable and responsible citizens and preparing them for the labor market, faces new challenges from our ever-changing society. Collectively, these studies emphasize the need to adapt sustainable digital transformation methodologies to effectively tackle the unique challenges and opportunities present in developing country contexts.

Moreover, the evolution from “developed countries” to “artificial intelligence” and “sustainability” in the periods 2012–2017 and 2018–2021, respectively, indicates a comparative analysis between developed and developing country contexts, with a growing interest in emerging technologies and sustainability initiatives within higher education. Kaur et al. (2024) underscore the expanding role of artificial intelligence in transforming higher education, particularly in relation to sustainability. In contrast, Lozano et al. (2017) examine the incorporation of sustainability initiatives within higher education frameworks across various contexts. Collectively, these studies highlight the pivotal significance of utilizing artificial intelligence to advance sustainability efforts in higher education.

Additionally, including terms such as “information technology” and “economics” in later periods highlights a broadening of the research scope to encompass interdisciplinary perspectives and the economic implications of digital transformation in higher education. Vu et al. (2020) study examines the impact of information technology on economic perspectives within the field of education. The thematic evolution of the study elucidates significant contributions to the comprehension of sustainable digital transformation within higher education, particularly in developing countries. The transition from the term “sustainable development” to “developing countries” underscores the region-specific challenges associated with the adoption of digital solutions. The increasing emphasis on “artificial intelligence” and “sustainability” highlights the pivotal role of emerging technologies in fostering innovation. Furthermore, the integration of perspectives such as “information technology” and “economics” enhances the analysis, revealing the technological and economic implications of this transformation. These developments align with the study's objective of examining the evolution of sustainable digital transformation in developing contexts.



3.9 Thematic map

The thematic map highlights the centrality of higher education and technology in driving sustainable digital transformation in developing countries' educational systems. Terms like “higher education” and “technology” show high betweenness and pagerank centrality, indicating their critical role in linking various sub-themes and influencing the overall discourse. Castro (2019) examines the role of higher education and technology in enabling societies to confront future challenges, particularly in developing contexts. Meanwhile, Mathew et al. (2021) emphasize the importance of technology integration within higher education as a catalyst for innovation and sustainable practices. Collectively, these studies highlight the contribution of higher education and technology in fostering resilience and sustainability within developing societies. Supporting terms such as “appropriate technologies,” “bridges,” and “technological innovation” reflect the importance of practical innovations and international collaboration in advancing higher education. Haleem et al. (2022) emphasizes the necessity for international collaboration in the implementation of effective educational technologies. The presence of “international development” points to the global efforts required to bridge the digital divide in developing countries, ensuring that technological transformations in education have a widespread and lasting impact. Additionally, sustainable development emerges as a pivotal theme, demonstrating the alignment of educational reforms with long-term societal goals. Leal Filho et al. (2019) highlights the significance of comprehending the broader societal and ecological implications of digital transformation in education, whereas PourMehdi Ebrahimi (2022) examine the necessity of considering the effects of digital transformation on communities and ecosystems. Collectively, these studies underscore the imperative of adopting a holistic approach to digital transformation in education that accounts for its broader repercussions on society and the environment. With its high centrality scores, the term “sustainable development” emphasizes the crucial role of education in achieving global sustainability targets, particularly in developing nations. This suggests that digital transformation in higher education must not only focus on technological advancements but also consider the broader impacts on communities and ecosystems (see Figure 8).


[image: Figure 8]
FIGURE 8
 Thematic map.




3.10 Trend topics

The table provides insights into the trends and temporal patterns of key topics in Sustainable Digital Transformation in Developing Countries' Higher Education. Each item represents a thematic area, while the frequency and year quartiles provide information about the prevalence and distribution of these topics over time. Themes such as “innovation,” “sustainable development,” “developing countries,” and “education” have high frequencies, indicating their prominence in the research literature. These topics have consistently been researched over the years with sustained interest and scholarly attention.

The temporal distribution reveals interesting trends in the evolution of these topics. For example, “innovation” and “sustainable development” have become increasingly prominent from the early 2000s to the late 2010s, indicating a growing recognition of their importance in the context of sustainable digital transformation in higher education. Ferreras-Garcia et al. (2021) highlight that innovation is central to organizational strategies in education, while Kioupi and Voulvoulis (2019) emphasizes the need to integrate sustainable development into education, showcasing the crucial role of innovation in addressing sustainability challenges. Similarly, “developing countries” and “engineering education” have gradually increased in frequency over time, reflecting a greater focus on the challenges and opportunities that developing countries face in adopting digital technologies in their higher education systems. Abad-Segura et al. (2020) examined how engineering education in developing countries adapts to digital transformation, while Bashir and Wali (2023) highlighted trends in student mobility, underscoring the need for technological advancements in higher education. Together, these studies emphasize the importance of digital transformation in improving educational opportunities in developing nations.

On the other hand, themes such as “industrial management” and “learning” have relatively stable frequencies over the years, suggesting a consistent but perhaps less pronounced emphasis compared to other topics. Morel and Spector (2022) indicate that learning theories and industrial management are integral yet stable components of educational discourse, while Colomer et al. (2018) reflect on the consistency of learning methodologies in industrial contexts. Together, these studies underscore the enduring significance of these themes in the field of education. Furthermore, the emergence of themes such as “technology transfer,” “teaching,” and “university sector” in the later years of the dataset indicates a shift toward more specific and nuanced aspects of digital transformation in higher education contexts. Heinzl et al. (2013) discusses technology transfer in education and its implications for teaching, while Barrier et al. (2019) highlight the evolving nature of research and teaching in universities. Together, these studies emphasize the need to adapt teaching practices to enhance learning outcomes in higher education. In recent years, the inclusion of terms such as “international cooperation” highlights the global and collaborative nature of research in this field, reflecting the increasing recognition of the interconnectedness and cross-border implications of sustainable digital transformation efforts. Grindsted (2011) investigates the growing significance of international cooperation in higher education, while Karim et al. (2024) emphasizes the importance of international collaboration in achieving global educational objectives. Collectively, these studies underscore the vital role of collaborative initiatives in enhancing the effectiveness of higher education on a worldwide scale. The trend analysis outlines a dynamic and evolving domain, characterized by shifting priorities in response to global developments, technological advancements, and the specific needs of developing nations. It highlights the importance of interdisciplinary approaches and international collaboration in shaping the future of sustainable digital transformation within higher education. The emergence of more targeted themes indicates that as the field matures, researchers are moving from broad conceptual discussions to practical applications, providing valuable insights into how developing countries can navigate the complex landscape of digital transformation to establish more resilient and inclusive educational systems (see Table 3).


TABLE 3 Trend topics.
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4 Conclusion

The study provides a comprehensive bibliometric analysis of sustainable digital transformation in higher education in developing countries from 1991 to 2024. The findings reveal a sustained scholarly interest in this topic, with an annual growth rate of 4.29% and an average citation rate of 13.11 per document. Contributions come from diverse countries, with the United States, the United Kingdom, and China leading in research volume and impact. The high international co-authorship rate of 30.93% and an average of 3.38 co-authors per document highlight the collaborative nature of this field, reflecting global efforts to address the complexities of digital transformation in higher education.

Key themes such as innovation, sustainable development, and specific challenges developing countries face consistently emerge in the research. The field has evolved from broad concepts like sustainable development to more specific geographical and technological contexts, encompassing emerging technologies and practical implementation strategies. Analyzing influential sources and authors further emphasizes the interdisciplinary and collaborative efforts driving this field forward. The geographical distribution and variety of document types, from journal articles to conference papers and books, reflect a diverse and thriving scholarly landscape. This study underscores the dynamic and evolving nature of research on sustainable digital transformation within higher education, particularly in developing countries. While substantial progress has been made in elucidating the complexities of this field, much remains to be understood regarding the practical impacts of these transformations. Ongoing interdisciplinary collaboration and inclusive research methodologies will be essential in ensuring that the benefits of digital transformation are equitably distributed and tailored to the unique needs of developing regions. As global challenges continue to influence the educational landscape, the capacity to leverage digital technologies for sustainable development in higher education will persist as a key priority for researchers, policymakers, and educators alike.

While this study provides valuable insights into the trends and dynamics of sustainable digital transformation in higher education, several limitations should be considered. First, the analysis is limited to the 97 most cited documents within a specified timeframe. This means that relevant publications with fewer citations may have been overlooked, which could have provided additional perspectives on the topic. This approach may result in a distorted view of the research landscape, as it may not include contributions from emerging scholars or niche areas within the field.

Furthermore, relying solely on a single database such as Scopus may not capture the full breadth of relevant publications. Consequently, some pertinent works may have been omitted, and the comprehensive scope of research activities in this domain may not have been fully represented. Moreover, by focusing only on English-language publications, valuable research published in other languages may have been inadvertently excluded, limiting the inclusivity and global perspective of the study.

Additionally, while analyzing collaboration networks and influential authors is insightful, it may not fully capture informal collaborations or contributions from researchers not included in the dataset. This could lead to underestimating the extent of interdisciplinary cooperation in the field. These limitations highlight the need for future studies to use broader inclusion criteria and alternative methodologies to gain a more comprehensive understanding of sustainable digital transformation in higher education.
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