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The outbreak of the COVID-19 pandemic significantly disrupted higher education by forcing the transition to online learning, which became a mandatory teaching process during the lockdowns. Although the epidemiological situation has gradually improved since then, online learning is becoming ever more popular as it provides new learning opportunities. Therefore, the paper aims to present recent research trends concerning online learning in higher education during the COVID-19 pandemic by using selected bibliometric approaches. The bibliometric analysis is based on 8,303 documents from the Scopus database published between January 2020 and March 2022, when repeated lockdowns meant most countries were experiencing constant disruptions to the educational process. The results show that the COVID-19 pandemic increased interest in online learning research, notably in English-speaking and Asian countries, with most research being published in open-access scientific journals. Moreover, the topics most frequently discussed in the online learning research during the COVID-19 pandemic were ICT and pedagogy, technology-enhanced education, mental health and well-being, student experience and curriculum and professional development. Finally, the COVID-19 pandemic encouraged explorations of emergency remote learning approaches like e-learning, distance learning and virtual learning, which are intended to limit physical contact between teachers and students, where the specific requirements of a given field of study often guide which online learning approach is the most suitable. The findings add to the existing body of scientific knowledge and support the evidence-based policymaking needed to ensure sustainable higher education in the future.
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1. Introduction

The outbreak of the COVID-19 pandemic significantly disrupted higher education by forcing the transition to online learning, which became a mandatory teaching process during the lockdowns (Aristovnik et al., 2020a). Despite the educational process saw disruptions on all levels of education, i.e., primary, secondary and tertiary (Tang, 2023), as well as in adult education (James and Thériault, 2020), worker education (Dedeilia et al., 2023) and lifelong education (Waller et al., 2020), higher education students proved to be one of the worst affected groups because the social distancing measures, on top of their education, challenged their financial and housing situation (Aristovnik et al., 2020a). Challenges arising from the density of students in educational facilities (e.g., campuses, faculties, dormitories etc.) meant higher education institutions were forced to offer education relying on various information and communication technologies (ICTs) and tried to ensure education comparable in quality to traditional learning, noting that the quality of online learning delivery holds important implications for student satisfaction and student performance (Keržič et al., 2021). Nevertheless, the lockdown periods were devastating for many students also in terms of their emotional functioning (Raccanello et al., 2022). The COVID-19 pandemic eventually grew more predictable and manageable, allowing higher education institutions to gradually shift back to traditional learning approaches. Although the epidemiological situation has improved over time, online learning is becoming increasingly popular as it provides new learning opportunities, especially when combined with traditional learning.

The rapid, yet from the health protection point of view necessary (Aristovnik et al., 2020b), shift from traditional learning to online learning considerably affected teaching and learning. The transition to online learning was made without adequate consideration of whether the study materials and teaching methods were suitable for this mode of higher education delivery. This was an ad hoc shift in a situation of great uncertainty for both teachers and students. The transition to online learning has also brought to the surface gaps in higher education providers’ preparedness and their lack of ICT infrastructure, resulting in unequal access to quality education for all, particularly students from rural areas and regions with lower socio-economic development. It is important to note here that the rapid shift to an online learning environment in emergency circumstances should not be confused with properly planned online education equipped with appropriate infrastructure that enables and supports pedagogical work and study in an online environment (Hodges et al., 2020; Fuchs, 2022; Misiejuk et al., 2023). Apart from the changes in teaching and learning, the social aspect of students’ lives has been affected as well. The most worrying consequence has been social isolation leading to a lack of crucial social interaction for students (Elmer et al., 2020; Bonsaksen et al., 2021; Fried et al., 2021; Van der Graaf et al., 2021) and in some cases also in coronavirus-related post-traumatic stress syndrome (PTSD) (Ochnik et al., 2021). According to Gavriluţă et al. (2022), three dimensions affected students during the COVID-19 pandemic: educational, social, and emotional. The transition from traditional to online learning entailed a significant transformation in education, requiring changes in teaching practices and new learning approaches. Further, the social aspect of the COVID-19 pandemic and associated lockdowns is evident in the absence of relational, economic and professional problems (in)directly affecting the transition to adulthood. The new reality changed attitudes to various aspects of life and, in turn, also affected emotional responsiveness. Briefly, substantial changes to everyday student lives were made during the COVID-19 pandemic that may hold far-reaching effects of currently unknown scope in the near and distant future (Campos et al., 2022; Gao et al., 2022; Keržič et al., 2022; Rasli et al., 2022).

Therefore, the educational community requires greater insights into different aspects of the COVID-19 pandemic’s impact on online learning, e.g., students, teachers, pedagogy, ICT technology, online learning approaches and implications for various fields of study. In the context of higher education, some bibliometric studies (e.g., Gurcan et al., 2022; Saqr et al., 2023) have already sought to address issues involving online learning during the pandemic. Yet, they relied on a limited and narrow bibliographic dataset of peer-reviewed literature or lacked a qualitative synthesis of the results beyond the metrics, thereby neglecting some general comprehensive outlines of the global research into the topic (Saqr et al., 2023). Moreover, despite some bibliometric studies focusing on technical aspects (e.g., Navarro-Espinosa et al., 2021; Bozkurt, 2022; Tlili et al., 2022), the identification of the most effective ICT tools for specific online learning approaches remains unclear. Finally, there are also some bibliometric studies that attempt to determine the effectiveness of online learning in providing higher education (Brika et al., 2021; Baber et al., 2022; Bilal et al., 2022; Bozkurt, 2022; Fauzi, 2022; Küçük-Avci et al., 2022; Yan et al., 2022), however, they often overlook the specific requirements of individual fields of study, thereby neglecting the crucial aspect of tailoring online learning provision to different disciplines.

The bibliometric study presented in the paper accordingly aims to fill the presented gaps in the literature. Specifically, it aims to present a global overview of the recent research trends in online learning in higher education using a comprehensive dataset of literature encompassing different varieties of online learning approaches that can facilitate online learning during the COVID-19 pandemic, provide some relevant qualitative synthesis of the results beyond the metrics and examine the relationships between ICT tools, online learning approaches and fields of study. Thus, the present bibliometric study, focusing on higher education, tries to answer the following three research questions:

• RQ1: What is the current state of the online learning research by conducting a descriptive overview and identifying top-cited documents?

• RQ2: What is the scientific production of online learning research across countries and sources?

• RQ3: Which are the main research hotspots and concepts in online learning research?

The remainder of the paper is structured as follows. The next section provides a literature review of recent bibliometric studies. The following section outlines the materials and methods applied in the study before the results of the present bibliometric analysis are described in the next section. At the end, the final section provides a discussion and conclusion while summarizing the main findings and implications.



2. Literature review

The outbreak of the COVID-19 pandemic led many governments to expand the use of online learning approaches as a solution to the global health challenge. Researchers thus showed rising interest in investigating the field of online learning, its dimensions, and its trends on all levels of education, particularly higher education. Such research relied heavily on bibliometric approaches to analyzing scientific research in the higher education context. Pham et al. (2022) concluded based on the 414 articles that although in the decades prior, there was an increase in the number of articles touching on the components of e-learning, such as the learning management system, this rise was accelerated during the pandemic in both developed and developing countries. This may be attributed to the attention of governmental policies that considered the topic of e-learning to be critical and worthy of priority. Similarly, Fauzi (2022) investigated 1,496 articles and concluded that the research focused on a few specific topics. The first is the delivery factor, which refers to selecting the appropriate learning practices. The second is the health and safety factor that relates to minimizing any risk that e-learning could bring to the mental and physical health of learners or teachers, such as stress, anxiety or even depression. The third topic refers to the field of study and the impact of e-learning. In areas like medical education, where clinical activities and labs have to be attended in person, some online learning approaches might be less appropriate than when used in other areas, such as social studies, where the requirements are less complex or different. Zhang et al. (2022) confirmed this finding after performing bibliometric research on 1,061 articles published between January 2020 and August 2021. They explained that theorists and researchers showed a growing interest in ways to respond to crises, such as the pandemic, and how to develop the best practices to ensure the quality and efficiency of e-learning. Examples of such practices might be inquiry-oriented learning and hands-on activities. This could derive from the already existing tendency of education researchers to respond to unprecedented global challenges or changes. The authors explain that this conclusion addresses interest in e-learning practices holistically.

In the same context, Yan et al. (2022) employed a bibliometric approach and identified that various digital tools are used in e-learning in the field of health studies. After investigating 132 studies, they concluded that selecting appropriate tools depends on many factors, including the field of a given course, the aims, and their effectiveness. They add that these findings can be significant for groups of people such as experts or trainee teachers. Okoro et al. (2022) researched 1,722 articles published between 2012 and 2021 and detected a surge in interest in the mental health of postgraduate students, as revealed by the research trends discussed in these articles. Still, they describe this surge as having been greater between 2020 and 2021, which may be attributed to the COVID-19 restrictions and their implications. Moreover, they believe that this research focus will likely continue soon.

After looking at 2,307 articles published between 2017 and 2021, Baber et al. (2022) detected an increasing trend in researching digital literacy. While this was underway before the pandemic, the latter caused a statistically significant further surge. Digital literacy is approached in the studied articles through parameters like instruction, teachers, learners, ICT and its applications, content knowledge, competencies, skills, perceptions, and higher education. It is also associated with acquiring the qualities required to deal with topics such as misinformation, fake news, technological content knowledge, health literacy, COVID-19, and distance education. The authors state that their study identified dynamics hidden in these research trends, which will likely continue in the next few years.

In higher education specifically, based on 602 articles, Brika et al. (2021) corroborated the growing trend of publishing articles on e-learning during the pandemic and outlined certain sub-topics of it, namely: motivation and students’ attitudes; blended and virtual learning comparison; types of online assessment; stress, anxiety and mental health; strategies to improve learners’ skills; quality; performance of the education delivered; challenges; and the potential of technology to lead to change and reform of higher education syllabi or curricula. The scope of those articles was to paint a bigger picture of how higher education communities and institutions use and treat online learning. This is expected to help with efficient decision-making in the future in order to have better results and functions in higher education and appropriate response to crises.

The bibliometric studies carried out during the pandemic identified a trend among researchers in higher education institutions to investigate more the technology factor and how the progress of the Internet, along with information and communication technologies generally, can further assist new modes of learning, such as online learning and distance learning. This might be attributed to a vision for a better means for new types of learning, as Küçük-Avci et al. (2022) claimed after carrying out a bibliometric analysis of 1,547 articles published between 2020 and 2021. The authors detected certain trends regarding distance learning in higher education. A main finding of their study, along with the increase in studies on distance education and e-learning in higher education, is that before the pandemic, the fact that these approaches were not so mandatory meant there was greater efficiency, probably due to the learners’ motivation. The authors further claim that researchers show a stronger interest in the technological means that can assist these types of learning. In addition, while researching 1,986 articles, Bozkurt (2022) established an increase in the implementation of blended learning by researchers who also aim to investigate the relationship between technological applications and learning institutions. Within these tendencies, researchers consider four thematic fields: a comparison of online and onsite learning with regard to effectiveness and efficiency; the experience, impressions and attitudes of stakeholders and learning community members with respect to blended learning; teacher training and curriculum development that will assure the appropriate and challenge-free implementation of blended learning; and the use of mostly a quantitative approach to research of blended learning.

Bilal et al. (2022) also examined research trends concerned with e-learning in higher education during the COVID-19 period by researching 1,595 studies published between 2020 and 2021. The four main trends they identified were supplementary to those mentioned by other authors: the first is about the challenges regarding online learning or blended learning along with the appropriate strategies in response; the second is student-centered collaborative learning and appropriate curriculum design; the third concerns home-based learning through a type of laboratory and the general conditions surrounding it; and the fourth addresses teachers’ background, training, professional competencies and interdisciplinary learning.

Tlili et al. (2022) focused on mapping COVID-19’s impact on Massive Open Online Courses (MOOCs). The overall finding from the 108 articles they considered is that there has been growing interest in these courses generally, and more specifically in research around their function and quality. This interest encompasses the main features of such courses, which provide easy accessibility and flexibility. However, they noted that this interest followed another trend among researchers in the context. In other words, the countries that published on MOOCs before the pandemic are the same countries that published during the period under study. Moreover, they stated that there is interest in the technical characteristics and requirements of such courses. Finally, the authors concluded that although most MOOCs were ICT courses, research has escalated into courses that refer to business, personal development or the humanities.

Several conclusions can be drawn from the above bibliometric studies. First, the series of bibliometric studies conducted during the pandemic demonstrates the rise of interest in online learning in higher education during the pandemic. Of course, there was a tendency toward e-learning before the pandemic, but between 2020 and 2022, this seems to have accelerated. The phenomenon is more intense in countries such as the USA, Canada, Australia, the UK, India and China. Concerning the area of study, the focus of researchers appears to be greater in fields such as Engineering, Sciences, and Health Sciences, albeit all fields seem to be investigated (Djeki et al., 2022; Pham et al., 2022; Vaicondam et al., 2022; Zhang et al., 2022). Various studies have focused on determining the effectiveness of e-learning classes and courses or pointing out parameters that influence their effectiveness. These could be the appropriate conditions or subtopics like motivation, blended learning, learning tools, teacher training, cooperation between different institutions or efficient practices (Brika et al., 2021; Baber et al., 2022; Bilal et al., 2022; Bozkurt, 2022; Fauzi, 2022; Küçük-Avci et al., 2022; Yan et al., 2022). A specific trend of authors is to examine virtual classes and laboratories (Kartimi et al., 2022; Rojas-Sánchez et al., 2022; Zhang et al., 2022). Finally, there is a focus on the technology factor. Namely, researchers have concentrated on technical issues and conditions related to e-learning courses and their proper functioning (Navarro-Espinosa et al., 2021; Bozkurt, 2022; Tlili et al., 2022).



3. Materials and methods

Comprehensive bibliometric data on online learning research during the COVID-19 pandemic were retrieved on 1 March 2022 from Scopus, a world-leading bibliographic database of peer-reviewed literature. The Scopus database was preferred because it has a broader coverage of scientific research than other databases such as Web of Science (Falagas et al., 2008). This was confirmed by an initial search using the same search query in each database, revealing that Scopus provided more relevant documents than Web of Science. Moreover, compared to the Scopus database, the Web of Science has been found to be a database that significantly underrepresents the scientific disciplines of the Social Sciences and the Arts and Humanities (Mongeon and Paul-Hus, 2016). Although English dominates in both Scopus and Web of Science, Scopus generally offers wider coverage of non-English documents, given that the titles, abstracts, and keywords are in English (Vera-Baceta et al., 2019). According to the basic statistical theory, which can also be applied in the context of bibliometric analysis, larger samples lead to analytical outcomes that are likely to be more accurate (Rogers et al., 2020). Therefore, Scopus appears to be a more relevant bibliographic database meeting the specifics of online learning research during the COVID-19 pandemic.

The search strategy was based on title, abstract, and keywords search using the advanced search engine and the search query covered keywords related to different online learning types (using the Boolean operator ‘OR’) and the COVID-19 pandemic (using the Boolean operator ‘AND’). The search was further limited to the period 2020–2022 (using the Boolean operator ‘AND’) to capture documents published between January 2020 and March 2022, when most countries were experiencing constant disruptions in the educational process imposed by repeated lockdowns. As the search query had no language restrictions, the full text of the obtained documents can be in any language, provided that the titles, abstracts, and keywords are in English. Therefore, the language has no impact on the results, as the bibliometric analysis is conducted solely based on the titles, abstracts, and keywords of the documents. According to the presented search query, 9,921 documents were obtained. After further revising the obtained documents, it was identified that some of them are not explicitly related to the context of higher education. By machine screening of documents by title, abstract, and keywords, those related to lower levels of education (i.e., primary and secondary education), as well as adult and worker education (i.e., lifelong education), were excluded from the database. There were 1,618 or 16% of such documents. The remaining 8,303 documents were identified as eligible for further bibliometric examination of online learning research during the COVID-19 pandemic. The bibliometric analysis utilized several bibliometric approaches (Figure 1).

[image: Figure 1]

FIGURE 1
 Bibliometric approaches used in the bibliometric analysis. Own elaboration.


First, a descriptive overview was conducted to examine particular general bibliometric items, including timespan, number of (all, cited, single-authored) documents, authors, sources and author keywords and authors, references, and citations per document as well as to identify the most relevant documents. Scientific production was also examined to determine the most relevant countries and sources. Finally, network analysis was performed to identify the research hotspots according to the keyword co-occurrence network and examine the relationship between the main concepts based on a three-field plot analysis. The presented bibliometric approaches required the use of several different software tools. The descriptive overview was conducted using the Python Data Analysis Library Pandas (McKinney, 2012), scientific production was visualized by the Python Visualization Library Matplotlib (Hunter, 2007), while network analysis was performed using VOSviewer (keyword co-occurrence) (Van Eck and Waltman, 2010) and the Python Visualization Library Plotly (a three-field plot) (Pandey and Panchal, 2020). Specifically, the calculation for the three-field plot analysis included the following steps. Suppose that [image: image] are analysed concepts where each concept [image: image] is defined by a set of keywords and represented by binary indicators [image: image] expressed as [image: image] for [image: image] (matrix column). Using this notation, the relationship between [image: image] and [image: image] can be defined as [image: image] (matrix multiplication) where [image: image] and [image: image] are from three different sets (ICT tools, online learning approaches, fields of study).



4. Results

The descriptive overview presented in Table 1 shows the main characteristics of online learning and COVID-19 research in the higher education context. This research area covers a total of 8,303 documents (of which 7,922 (95%) have the full text in English) published in 2,447 sources between January 2020 and March 2022. Slightly less than half (46%) of these documents have at least one citation, while a relatively small number (15%) were written by a single author. The average number of references per document in this research area is 31.39, which is below the general scientific area of Educational Research (44.00) (Patience et al., 2017), suggesting that online learning research during the COVID-19 pandemic is grounded on fewer existing studies than general research. Finally, 3.50 citations per document can be observed for this research area. Due to the potential benefits of online learning, especially when combined with the traditional learning approaches and hence the development of the blended learning environment, this research is expected to further develop and be extended in the ensuing years (Fauzi, 2022). Further, upon analyzing the documents, it is evident that the average year of references is 2014.03, with an h-index of 60 (indicating at least 60 papers with 60 or more citations each) and a g-index of 94 (denoting that the top 94 publications have accumulated citations equal to or greater than the square of 94). Finally, it was found that within the examined dataset, a total of 1,334 documents (16%) have achieved a minimum of 5 citations (C5), while 691 documents (8%) have attained at least 10 citations (C10), 302 documents (4%) have obtained a minimum of 20 citations (C20), 79 documents (1%) have acquired at least 50 citations (C50), and 31 documents (0.4%) have obtained more than 100 citations (C100).



TABLE 1 Descriptive overview of online learning and COVID-19 research (2020–2022).
[image: Table1]

The most relevant (top-10) highly cited documents in online learning and COVID-19 research in the context of higher education are shown in Table 2. The overview of the most relevant documents reveals several important topics that were intensively discussed. The first most relevant topic concerns ICT. The COVID-19 pandemic has created significant challenges for higher education, especially for medical and surgical education, which requires personal attendance in clinical activities and labs. Accordingly, several innovative ICT tools (i.e., videoconferencing, social media, and telemedicine) and online learning approaches (i.e., flipped classroom or blended learning and virtual learning) were proposed to address this challenge. It is also stressed that by using appropriately established ICT solutions, online learning can lead to more sustainable education (Adedoyin and Soykan, 2020; Chick et al., 2020; Dedeilia et al., 2020).



TABLE 2 Most relevant documents in online learning and COVID-19 research (2020–2022).
[image: Table2]

The next top-cited topic relates to pedagogy. The disruption of education around the world due to the COVID-19 pandemic required teachers to possess specific pedagogical content knowledge related to designing and organizing better learning experiences with digital technologies. At the same time, challenges for online assessment and post-pandemic pedagogy are also highlighted (García Peñalvo et al., 2020; Iyer et al., 2020; Murphy, 2020; Rapanta et al., 2020). Finally, life and work is another of the most cited topics. Namely, the COVID-19 pandemic has considerably reshaped education and other aspects of life and work, often also through the perspective of mental health or emotional well-being (Dwivedi et al., 2020; Kapasia et al., 2020; Aristovnik et al., 2020a).

Furthermore, it is noteworthy that all of the highly cited documents were published in 2020. However, it is also evident that there are notable and highly relevant publications that emerged in the second year of the COVID-19 pandemic. Accordingly, there are two documents with a minimum of 100 citations published in 2021. In the COVID-19 pandemic context, Watermeyer et al. (2021), with 148 citations, examined the implications of digital disruption in universities within the United Kingdom, highlighting the challenges and opportunities arising from the emergency shift to online learning. Meanwhile, Pokhrel and Chhetri (2021) conducted a literature review to assess the impact of the COVID-19 pandemic on teaching and learning.

The scientific production across countries and sources is presented in terms of the number of documents and citations, whereby additional information is provided by a circle’s size, revealing the h-index as a measure of the scientific impact (Harzing and Van Der Wal, 2009) and by its color, presenting the time dimension in scientific production. The most relevant (top-10) highly cited countries in online learning and COVID-19 research are shown in Figure 2. While the United States of America stands out among all countries, the United Kingdom, China and India have a relatively large number of documents and citations. The findings are similar to those of other bibliometric studies on this topic (Saqr et al., 2023).

[image: Figure 2]

FIGURE 2
 Most relevant countries in online learning and COVID-19 research (2020–2022). Own elaboration based on the Scopus database.


The most relevant (top-10) highly cited sources in online learning and COVID-19 research in the context of higher education are presented in Figure 3. Despite conference proceedings being prominent in terms of the relatively high number of documents, the most prominent journals, considering the number of citations, are Journal of Chemical Education, with the highest number of citations as well as documents, followed by Sustainability, International Journal of Environmental Research and Public Health, and Education Sciences. More specifically, the most relevant journals address different topics. First, Journal of Chemical Education covers the attempts, successes and failures of distance learning during the COVID-19 pandemic in chemistry education. It covers various topics, including the development of at-home practical activities (Schultz et al., 2020), student engagement and learning (Perets et al., 2020), online assessments (Nguyen et al., 2020) and virtual reality labs (Williams et al., 2021). Further, Sustainability is focused on student and teacher perceptions of e-learning and related challenges (Khan et al., 2020; Aristovnik et al., 2020a) and sustainability in education during the COVID-19 pandemic (Sobaih et al., 2020) to improve online learning and sustain higher education during uncertain times. Further, the International Journal of Environmental Research and Public Health covers various topics like the health and psychological implications of the COVID-19 pandemic (Sundarasen et al., 2020), including well-being and changes in behavior and habits. Finally, Education Sciences publishes some general research on the challenges and opportunities for online learning (Almazova et al., 2020), including student and teacher experiences (García-Alberti et al., 2021; Müller et al., 2021).
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FIGURE 3
 Most relevant sources in online learning and COVID-19 research (2020–2022). Own elaboration based on the Scopus database.


The keyword co-occurrence network is presented in Figure 4. Note that the nodes indicate keywords and the links the relations of co-occurrence between them. The node size is proportional to the number of keyword occurrences, showing the research intensity (node degree), while the link width is proportional to the co-occurrences between keywords (edge weight). In addition, the node color indicates the cluster to which a particular keyword belongs (Wang et al., 2020; Ravšelj et al., 2022). The keyword co-occurrence analysis reveals five research hotspots in online learning in higher education research during the COVID-19 pandemic. These are ICT and pedagogy (red cluster), technology-enhanced education (green cluster), mental health and well-being (blue cluster), student experience (yellow cluster) and curriculum and professional development (purple cluster).
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FIGURE 4
 Keyword co-occurrence network in online learning and COVID-19 research (2020–2022). Own elaboration based on the Scopus database.


A detailed synopsis of the research hotspots, including representative (the most frequent) keywords and documents (with several representative keywords), is presented in Table 3. The first research hotspot highlights the relevance of ICT and pedagogy in higher education during the COVID-19 pandemic. The most representative documents looked at the quality of online learning mechanisms (Gritsova and Tissen, 2021), active learning activities (Yan et al., 2021) and the role of e-learning departments in controlling the quality of academic processes (Hamdan et al., 2021). The second research hotspot refers to technology-enhanced education from different perspectives, such as opportunities to incorporate technological and curricular innovations (Shapiro and Reza, 2021), the adoption of different virtual experiences such as telehealth and virtual learning (Kahwash et al., 2021), and the utilization of social media to reach higher education students (Leighton et al., 2021). The third research hotspot emphasizes the problem of mental health and well-being issues that became a prevalent topic of discussion during the COVID-19 pandemic. Namely, several studies showed an increase in depression, anxiety and stress levels among higher education students in response to the COVID-19 pandemic (Abu Kwaik et al., 2021; Keskin, 2021; Yaghi, 2022). The fourth cluster is about student experience during the COVID-19 pandemic with specific focus on the between interaction and online learning satisfaction (Bawa'aneh, 2021; Bismala and Manurung, 2021; She et al., 2021). The fifth research hotspot underscores the relevance of curriculum and professional development. Several studies described the ways in which courses were adapted to online learning during the COVID-19 pandemic as well as the related challenges and strategies (Chen et al., 2020; Gonzalez and Knecht, 2020; Rhile, 2020).



TABLE 3 Research hotspots based on the author keyword co-occurrence network in online learning and COVID-19 research (2020–2022).
[image: Table3]

Finally, the three-field plot analysis of the relationship between the main concepts (i.e., ICT tools, online learning approaches, fields of study) is presented in a Sankey diagram shown in Figure 5. The size of a rectangle corresponds to the number of documents for each theme, while the edge width reflects the inclusion index for connected themes (Wang et al., 2020; Ravšelj et al., 2022). These three concepts have been proven to be relevant in the context of online learning. Namely, ICT tools are a precondition for delivering course content through different online learning approaches, while the choice of online learning approaches may depend on the field of study (Ferri et al., 2020). During the COVID-19 pandemic, most attention was devoted to exploring e-learning (a combination of asynchronous and synchronous learning), distance learning (pre-recorded online lectures), followed by virtual learning (real-time online lectures). Since all these online learning approaches limit physical contact between teachers and students, they have been referred to as emergency remote learning approaches (Hodges et al., 2020; Fauzi, 2022; Fuchs, 2022), while other online learning approaches (computer-based learning, blended learning, m-learning) do not necessarily take place in an online learning environment. The emergency remote learning approaches were primarily supported by several ICT tools, particularly by social media (e.g., Facebook), gamification/simulation and virtual reality (integration of game-like elements into online learning platforms, mobile applications, or virtual reality simulations), Zoom and other videoconferencing platforms, as well as telehealth (for educating health professionals). Regarding the fields of study, e-learning, distance learning and virtual learning were mostly addressed in the context of medical/health education, while computer-based learning (i.e., specific engineering software programs etc.) was examined in the context of engineering education. This implies that the specific requirements of a given field of study often guide the selection of the most suitable online learning approaches (Fauzi, 2022).
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FIGURE 5
 Three-field plot showing the network between ICT tools (left), online approaches (middle), and fields of study (right) (2020–2022). Own elaboration based on the Scopus database.




5. Conclusion

The presented bibliometric study provides several important insights arising from research into online learning during the COVID-19 pandemic. In this period, a large volume of scientific knowledge was produced in the context of education that considered a range of aspects (Saqr et al., 2023). Therefore, a combination of selected bibliometric approaches was utilized to extract some general comprehensive outlines of the global research. The bibliometric analysis revealed the following.

As suggested by the descriptive overview of the state of Educational Research (Patience et al., 2017), the research into online learning during the COVID-19 pandemic is characterized by greater cooperation between authors, which coincides with the general observation that (international) scientific collaboration grew significantly during the pandemic (Duan and Xia, 2021). Further, online learning research during the COVID-19 pandemic is grounded on fewer studies than Educational Research (Patience et al., 2017), which may be explained by the absence of COVID-19-related literature at the time these documents were published. Nevertheless, noting the potential benefits of online learning approaches also when the epidemiological conditions are favorable, this line of research is expected to further develop and be extended in the ensuing years (Fauzi, 2022). The potential benefits refer especially to the development of a blended learning environment, which combines online and traditional learning approaches (Rasheed et al., 2020). The overview of the most relevant documents revealed three topics that were intensively discussed in the academic community, i.e., ICT, pedagogy, and life and work. The COVID-19 pandemic highlighted the importance and role of reliable ICT infrastructure for ensuring effective pedagogy in the online environment, as was needed to prevent the spread of the virus and to protect public health. Apart from the devastating health consequences for those directly affected by the virus and the disrupted educational process, the COVID-19 pandemic also dramatically affected students’ social life and work (Aristovnik et al., 2020a). The educational community is increasingly interested in finding ways to respond to crises like the COVID-19 pandemic and develop effective pedagogical practices that assure high-quality and efficient education in the online learning environment (Zhang et al., 2022).

The scientific production of online learning during the COVID-19 pandemic was geographically uneven. The greatest scientific production in terms of citations and number of documents can be observed in the United States, followed by the United Kingdom, China and India. Besides developed English-speaking countries, emerging Asian economies also seem to have played a crucial role in online learning research. Similar findings also emerged from other bibliometric studies on this topic (Saqr et al., 2023). Moreover, despite conference proceedings being prominent in terms of the relatively high number of documents, the most prominent journals, considering the number of citations, are Journal of Chemical Education, Sustainability, International Journal of Environmental Research and Public Health and Education Sciences, indicating that online learning research at the time of the COVID-19 pandemic was primarily published in open-access journals, as already observed in other research (Zhang et al., 2022).

The network analysis revealed five research hotspots in online learning research during the COVID-19 pandemic in the context of higher education: (1) ICT and pedagogy, focused on the quality of online learning mechanisms (Gritsova and Tissen, 2021), active learning activities (Yan et al., 2021) and the role of e-learning departments in controlling the quality of academic processes (Hamdan et al., 2021); technology-enhanced education concentrated on opportunities to incorporate technological and curricular innovations (Shapiro and Reza, 2021), the adoption of different virtual experiences such as telehealth and virtual learning (Kahwash et al., 2021), and the utilization of social media to reach higher education students (Leighton et al., 2021); (2) mental health and well-being issues facing higher education students, including depression, anxiety, and stress levels (Abu Kwaik et al., 2021; Keskin, 2021; Yaghi, 2022); student experience with specific focus on the between interaction and online learning satisfaction (Bawa'aneh, 2021; Bismala and Manurung, 2021; She et al., 2021) and (3) curriculum and professional development, focused on the ways in which courses were adapted to online learning during the COVID-19 pandemic as well as the related challenges and strategies (Chen et al., 2020; Gonzalez and Knecht, 2020; Rhile, 2020).

Further, the COVID-19 pandemic led to the exploration of emergency remote learning approaches such as e-learning, distance learning and virtual learning, which are intended to limit physical contact between teachers and students. These approaches were chiefly supported by several ICT tools, including social media, gamification/simulation, virtual reality, videoconferencing platforms, and telehealth. While computer-based learning, blended learning and m-learning do not necessarily occur in an online learning environment, they may still be suitable for certain fields of study, especially in the post-COVID-19 pandemic period. This implies that the determination of which online learning approach is the most suitable is often guided by the specific requirements of a given field of study (Fauzi, 2022).

Before generalizing these conclusions, it is important to note the limitations of the paper. First, the bibliometric analysis relied on documents indexed in the Scopus database, which might not cover the entire collection of research. Namely, documents that are published in journals indexed in other databases such as Web of Science, Education Research Index, Educational Resources Information Centre, etc. are not included in the analysis. However, to achieve the comparability of bibliometric metrics across documents, the bibliometric metrics are obtained from the single and, in general, broader Scopus database. Given the substantial overlap of documents across different databases of peer-reviewed literature, this limitation might not significantly affect the general observations on global research trends. Nevertheless, to check the robustness of the findings, it is still valuable to consider other bibliometric databases for future research. Second, the bibliometric analysis is conducted the bibliometric is based on a short time period (January 2020 – March 2022), which may also impact the metrics of documents published in closed-access (subscription-based) journals, placing them at a disadvantage compared to documents published in open-access journals. While it is not possible to overcome this limitation at present, conducting a bibliometric study with a longer time span would provide further time-dimensional insights. This would also be beneficial in terms of achieving better comparability between documents published in closed-access and open-access journals. Finally, despite the detailed search queries, some other relevant keywords may have been overlooked in the document search. Finally, the bibliometric method, as a method based on big data analysis, may miss certain highlights from the scientific literature that a systematic literature review would otherwise capture. Therefore it would be beneficial for future bibliometric studies also to incorporate a systematic literature review methodology, as the combined approach can provide a more comprehensive and nuanced understanding of the implications of the COVID-19 pandemic on online learning in higher education.

The bibliometric study provides some possible avenues for future research. First, in future bibliometric studies, it would be beneficial to conduct in-depth analyses of the relevant contexts that have emerged as highly significant in online learning during the pandemic. These include ICT and innovation, mental health and well-being, online learning and engagement, and curriculum and professional development. Examining these contexts more comprehensively can provide valuable insights into the specific dynamics and trends within each area, contributing to a deeper understanding of the implications of online learning during the pandemic. Second, it would be beneficial to conduct separate bibliometric analyses and comparisons to examine the differences between developed and developing countries. This approach can shed light on the unique research trends, contributions, and challenges faced by each group of countries in the context of online learning during the pandemic. This can provide a more nuanced understanding of the global landscape and identify potential areas for collaboration and knowledge sharing between developed and developing countries. Finally, it would be valuable to investigate the long-term impact of rapid publishing in open-access journals on the recognition and dissemination of scholarly findings in the field of online learning in higher education during the pandemic.

From the practical perspective, the COVID-19 pandemic has significantly disrupted higher education, but at the same time, it also accelerated the use of online learning tools in the educational process. Although the COVID-19 pandemic has gradually subsided over time, online learning approaches developed during this period continue to hold relevance and value for future education. Therefore, higher education institutions should prioritize leveraging ICT tools and innovative solutions in their educational delivery, which proved effective during the pandemic. Moreover, higher education institutions should also prioritize adapting appropriate online learning approaches and curricula to align with modern realities and the corresponding fields of study. This adaptation is crucial for enhancing student engagement and ensuring that educational programs remain relevant and responsive to the evolving needs of students in various disciplines.

The findings may help not only the scientific community in detecting research gaps in online learning research during the COVID-19 pandemic but also evidence-based policymaking by assisting in identifying appropriate educational practices in emergency circumstances. Specifically, the findings may help higher education policymakers to address the underlying shortcomings of the existing educational framework exposed by the COVID-19 pandemic and to design proactive mechanisms to deal effectively with such disruptions, thereby enabling them to create a more resilient and adaptable education system that can successfully navigate unforeseen challenges and ensure the continuity of quality higher education in the future.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding authors.



Author contributions

AA contributed to the design of the study. DR and LU assisted with the data identification, cleaning, and analysis. DR and KK wrote the manuscript in consultation with AA. All authors contributed to the manuscript’s revision and read and approved the submitted version.



Funding

This research and the APC were funded by the Slovenian Research Agency under grant numbers P5-0093 and Z5-4569.



Acknowledgments

The authors acknowledge the financial support from the Slovenian Research Agency (research core funding no. P5-0093 and project no. Z5-4569). A preliminary version of the paper was presented at the International Conference on Information, Communication Technologies in Education (ICICTE) in July 2022. The authors are grateful to colleagues who attended the presentation and provided interesting comments and suggestions. Further, they wish to thank the reviewers for their valuable suggestions and comments.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 Abu Kwaik, A., Saleh, R., Danadneh, M., and Kateeb, E. (2021). Stress, anxiety and depression among dental students in times of covid-19 lockdown. Int. J. Dentist. Oral Sci. 8, 1560–1564. doi: 10.19070/2377-8075-21000310

 Adedoyin, O. B., and Soykan, E. (2020). COVID-19 pandemic and online learning: the challenges and opportunities. Interact. Learn. Environ. 31, 863–875. doi: 10.1080/10494820.2020.1813180

 Almazova, N., Krylova, E., Rubtsova, A., and Odinokaya, M. (2020). Challenges and opportunities for Russian higher education amid COVID-19: teachers’ perspective. Educ. Sci. 10:368. doi: 10.3390/educsci10120368

 Aristovnik, A., Keržič, D., Ravšelj, D., Tomaževič, N., and Umek, L. (2020a). Impacts of the COVID-19 pandemic on life of higher education students: a global perspective. Sustainability 12:8438. doi: 10.3390/su12208438

 Aristovnik, A., Ravšelj, D., and Umek, L. (2020b). A bibliometric analysis of COVID-19 across science and social science research landscape. Sustainability 12:9132. doi: 10.3390/su12219132

 Baber, H., Fanea-Ivanovici, M., Lee, Y. T., and Tinmaz, H. (2022). A bibliometric analysis of digital literacy research and emerging themes pre-during COVID-19 pandemic. Inform. Learn. Sci. 123, 214–232. doi: 10.1108/ILS-10-2021-0090

 Bawa'aneh, M. S. (2021). Distance learning during COVID-19 pandemic in UAE public schools: student satisfaction, attitudes and challenges. Contemp. Educ. Technol. 13:10872. doi: 10.30935/cedtech/10872

 Bilal, H., Hysa, E., Akbar, A., Yasmin, F., Rahman, A. u., and Li, S. (2022). Virtual learning during the COVID-19 pandemic: a bibliometric review and future research agenda. Risk Manag. Healthcare Policy 15, 1353–1368. doi: 10.2147/RMHP.S355895 

 Bismala, L., and Manurung, Y. H. (2021). Student satisfaction in E-learning along the COVID-19 pandemic with importance performance analysis. Int. J. Eval. Res. Educ. 10, 753–759. doi: 10.11591/ijere.v10i3.21467

 Bonsaksen, T., Leung, J., Schoultz, M., Thygesen, H., Price, D., Ruffolo, M., et al. (2021). Cross-National Study of worrying, loneliness, and mental health during the COVID-19 pandemic: a comparison between individuals with and without infection in the family. Healthcare 9:903. doi: 10.3390/healthcare9070903 

 Bozkurt, A. (2022). A retro perspective on blended/hybrid learning: systematic review, mapping and visualization of the scholarly landscape. J. Interact. Media Educ. 2022, 1–15. doi: 10.5334/jime.751

 Brika, S. K. M., Chergui, K., Algamdi, A., Musa, A. A., and Zouaghi, R. (2021). E-learning research trends in higher education in light of COVID-19: a bibliometric analysis. Front. Psychol. 12:762819. doi: 10.3389/fpsyg.2021.762819 

 Campos, E., Daruich, S. D. N., Escamilla, J., and Hosseini, S. (2022). Educational model transition: student evaluation of teaching amid the COVID-19 pandemic. Front. Educ. 7:991654. doi: 10.3389/feduc.2022.991654

 Chen, K., Chen, Y., Ling, Y., and Lin, J. (2020). The individual experience of online chemistry teacher education in China: coping with COVID-19 pandemic. J. Chem. Educ. 97, 3265–3270. doi: 10.1021/acs.jchemed.0c00581

 Chick, R. C., Clifton, G. T., Peace, K. M., Propper, B. W., Hale, D. F., Alseidi, A. A., et al. (2020). Using technology to maintain the education of residents during the COVID-19 pandemic. J. Surg. Educ. 77, 729–732. doi: 10.1016/j.jsurg.2020.03.018 

 Dedeilia, A., Papapanou, M., Papadopoulos, A. N., Karela, N. R., Androutsou, A., Mitsopoulou, D., et al. (2023). Health worker education during the COVID-19 pandemic: global disruption, responses and lessons for the future—a systematic review and meta-analysis. Hum. Resour. Health 21, 13–35. doi: 10.1186/s12960-023-00799-4 

 Dedeilia, A., Sotiropoulos, M. G., Hanrahan, J. G., Janga, D., Dedeilias, P., and Sideris, M. (2020). Medical and surgical education challenges and innovations in the COVID-19 era: a systematic review. In Vivo 34, 1603–1611. doi: 10.21873/invivo.11950 

 Djeki, E., Dégila, J., Bondiombouy, C., and Alhassan, M. H. (2022). E-learning bibliometric analysis from 2015 to 2020. J. Comput. Educ. 9, 727–754. doi: 10.1007/s40692-021-00218-4

 Duan, D., and Xia, Q. (2021). Evolution of scientific collaboration on COVID-19: a bibliometric analysis. Learn. Publish. 34, 429–441. doi: 10.1002/leap.1382 

 Dwivedi, Y. K., Hughes, D. L., Coombs, C., Constantiou, I., Duan, Y., Edwards, J. S., et al. (2020). Impact of COVID-19 pandemic on information management research and practice: transforming education, work and life. Int. J. Inf. Manag. 55:102211. doi: 10.1016/j.ijinfomgt.2020.102211

 Elmer, T., Mepham, K., and Stadtfeld, C. (2020). Students under lockdown: comparisons of students' social networks and mental health before and during the COVID-19 crisis in Switzerland. PLoS One 15:e0236337. doi: 10.1371/journal.pone.0236337 

 Falagas, M. E., Pitsouni, E. I., Malietzis, G. A., and Pappas, G. (2008). Comparison of PubMed, Scopus, web of science, and Google scholar: strengths and weaknesses. FASEB J. 22, 338–342. doi: 10.1096/fj.07-9492LSF 

 Fauzi, M. A. (2022). E-learning in higher education institutions during COVID-19 pandemic: current and future trends through bibliometric analysis. Heliyon 8:e09433. doi: 10.1016/j.heliyon.2022.e09433 

 Ferri, F., Grifoni, P., and Guzzo, T. (2020). Online learning and emergency remote teaching: opportunities and challenges in emergency situations. Societies 10:86. doi: 10.3390/soc10040086

 Fried, E. I., Papanikolaou, F., and Epskamp, S. (2021). Mental health and social contact during the COVID-19 pandemic: an ecological momentary assessment study. Clin. Psychol. Sci. 10, 340–354. doi: 10.1177/21677026211017839

 Fuchs, K. (2022). The difference between emergency remote teaching and e-learning. Front. Educ. 7:921332. doi: 10.3389/feduc.2022.921332

 Gao, Y., Wong, S. L., Khambari, M. N., and Noordin, N. (2022). A bibliometric analysis of the scientific production of e-learning in higher education (1998-2020). Int. J. Inform. Educ. Technol. 12, 390–399. doi: 10.18178/ijiet.2022.12.5.1632

 García Peñalvo, F. J., Corell Almuzara, A., Abella García, V., and Grande de Prado, M. (2020). La evaluación online en la educación superior en tempos’ de la COVID-19. Educ. Knowl. Soc. 21:23086. doi: 10.14201/eks.23086

 García-Alberti, M., Suárez, F., Chiyón, I., and Mosquera Feijoo, J. C. (2021). Challenges and experiences of online evaluation in courses of civil engineering during the lockdown learning due to the COVID-19 pandemic. Educ. Sci. 11:59. doi: 10.3390/educsci11020059

 Gavriluţă, C., Dalban, C. M., and Ioan, B. G. (2022). Educational, emotional, and social impact of the emergency state of COVID-19 on Romanian university students. Int. J. Environ. Res. Public Health 19:3990. doi: 10.3390/ijerph19073990 

 Gonzalez, C., and Knecht, L. D. (2020). Strategies employed in transitioning multi-instructor, multisection introductory general and organic chemistry courses from face-to-face to online learning. J. Chem. Educ. 97, 2871–2877. doi: 10.1021/acs.jchemed.0c00670

 Gritsova, O. A., and Tissen, E. V. (2021). Quality assessment of online learning in regional higher education systems. Econ. Regions 17, 929–943. doi: 10.17059/ekon.reg.2021-3-15

 Gurcan, F., Dalveren, G. G. M., and Derawi, M. (2022). COVID-19 and E-learning: an exploratory analysis of research topics and interests in E-learning during the pandemic. IEEE Access 10, 123349–123357. doi: 10.1109/ACCESS.2022.3224034

 Hamdan, R., Ashour, W., and Daher, W. (2021). The role of the e-learning departments in controlling the quality of electronic assessments in Palestinian universities during the COVID-19 pandemic. Sustainability 13:12021. doi: 10.3390/su132112021

 Harzing, A. W., and Van Der Wal, R. (2009). A Google scholar h-index for journals: an alternative metric to measure journal impact in economics and business. J. Am. Soc. Inf. Sci. Technol. 60, 41–46. doi: 10.1002/asi.20953

 Hodges, C. B., Moore, S., Lockee, B. B., Trust, T., and Bond, M. A. (2020). The difference between emergency remote teaching and online learning. Virginia Tech Online Available online at: http://hdl.handle.net/10919/104648 (Accessed February 15, 2023).

 Hunter, J. D. (2007). Matplotlib: a 2D graphics environment. Comput. Sci. Eng. 9, 90–95. doi: 10.1109/MCSE.2007.55

 Iyer, P., Aziz, K., and Ojcius, D. M. (2020). Impact of COVID-19 on dental education in the United States. J. Dent. Educ. 84, 718–722. doi: 10.1002/jdd.12163

 James, N., and Thériault, V. (2020). Adult education in times of the COVID-19 pandemic: inequalities, changes, and resilience. Stud. Educ. Adults 52, 129–133. doi: 10.1080/02660830.2020.1811474

 Kahwash, B. M., Deshpande, D. R., Guo, C., Panganiban, C. M., Wangberg, H., and Craig, T. J. (2021). Allergy/immunology trainee experiences during the COVID-19 pandemic: AAAAI work group report of the fellows-in-training committee. J. Allergy Clin. Immunol. Pract. 9, 1–6.e1. doi: 10.1016/j.jaip.2020.09.036 

 Kapasia, N., Paul, P., Roy, A., Saha, J., Zaveri, A., Mallick, R., et al. (2020). Impact of lockdown on learning status of undergraduate and postgraduate students during COVID-19 pandemic in West Bengal, India. Child Youth Serv. Rev. 116:105194. doi: 10.1016/j.childyouth.2020.105194 

 Kartimi, K., Yunita, Y., Addiin, I., and Shidiq, A. S. (2022). A bibliometric analysis on chemistry virtual laboratory. Educación Química 33:194. doi: 10.22201/fq.18708404e.2022.2.80579

 Keržič, D., Alex, J. K., Pamela Balbontín Alvarado, R., da Silva Bezerra, D., Cheraghi, M., Dobrowolska, B., et al. (2021). Academic student satisfaction and perceived performance in the e-learning environment during the COVID-19 pandemic: evidence across ten countries. PLoS One 16:e0258807. doi: 10.1371/journal.pone.0258807 

 Keržič, D., Umek, L., Tomaževič, N., and Aristovnik, A. (2022). E-learning acceptance of public administration students in Slovenia in comparison with Europe: differences between the first and second waves of the COVID-19 pandemic. EGPA 2022 Conference, 6–9 September 2022, Lisbon, Portugal.

 Keskin, G. (2021). Self-report measurement of depression, anxiety, and stress caused by covid-19 pandemic in senior undergraduate dental students. Pesquisa Brasileira em Odontopediatria e Clínica Integrada 21:102. doi: 10.1590/pboci.2021.102

 Khan, M. A., Nabi, M. K., Khojah, M., and Tahir, M. (2020). Students’ perception towards e-learning during COVID-19 pandemic in India: an empirical study. Sustainability 13:57. doi: 10.3390/su13010057

 Küçük-Avci, Ş., Topal, M., and İstanbullu, A. (2022). The effects of the COVID-19 pandemic on distance education in higher education: a bibliometric analysis study. Croatian J. Educ. 24, 457–488. doi: 10.15516/cje.v24i2.4534

 Leighton, K., Kardong-Edgren, S., Schneidereith, T., and Foisy-Doll, C. (2021). Using social media and snowball sampling as an alternative recruitment strategy for research. Clin. Simul. Nurs. 55, 37–42. doi: 10.1016/j.ecns.2021.03.006

 McKinney, W. (2012). Python for data analysis: Data wrangling with pandas, NumPy, and IPython. Sebastopol, CA: O'Reilly Media, Inc.

 Misiejuk, K., Ness, I. J., Gray, R., and Wasson, B. (2023). Changes in online course designs: before, during, and after the pandemic. Front. Educ. 7:996006. doi: 10.3389/feduc.2022.996006

 Mongeon, P., and Paul-Hus, A. (2016). The journal coverage of web of science and Scopus: a comparative analysis. Scientometrics 106, 213–228. doi: 10.1007/s11192-015-1765-5

 Müller, A. M., Goh, C., Lim, L. Z., and Gao, X. (2021). COVID-19 emergency elearning and beyond: experiences and perspectives of university educators. Educ. Sci. 11:19. doi: 10.3390/educsci11010019

 Murphy, M. P. (2020). COVID-19 and emergency eLearning: consequences of the securitization of higher education for post-pandemic pedagogy. Contemp. Security Policy 41, 492–505. doi: 10.1080/13523260.2020.1761749

 Navarro-Espinosa, J. A., Vaquero-Abellán, M., Perea-Moreno, A.-J., Pedrós-Pérez, G., Aparicio-Martínez, P., and Martínez-Jiménez, M. P. (2021). The influence of technology on mental well-being of STEM teachers at university level: COVID-19 as a stressor. Int. J. Environ. Res. Public Health 18:9605. doi: 10.3390/ijerph18189605 

 Nguyen, J. G., Keuseman, K. J., and Humston, J. J. (2020). Minimize online cheating for online assessments during COVID-19 pandemic. J. Chem. Educ. 97, 3429–3435. doi: 10.1021/acs.jchemed.0c00790

 Ochnik, D., Rogowska, A. M., Kuśnierz, C., Jakubiak, M., Wierzbik-Strońska, M., Schütz, A., et al. (2021). Exposure to COVID-19 during the first and the second wave of the pandemic and coronavirus-related PTSD risk among university students from six countries-a repeated cross-sectional study. J. Clin. Med. 10:5564. doi: 10.3390/jcm10235564 

 Okoro, C., Owojori, O. M., and Umeokafor, N. (2022). The developmental trajectory of a decade of research on mental health and well-being amongst graduate students: a bibliometric analysis. Int. J. Environ. Res. Public Health 19:4929. doi: 10.3390/ijerph19094929 

 Pandey, K., and Panchal, R. (2020). A study of real world data visualization of COVID-19 dataset using Python. Int. J. Manag. Human. 4, 104–107. doi: 10.35940/ijmh.H0834.044820

 Patience, G. S., Patience, C. A., Blais, B., and Bertrand, F. (2017). Citation analysis of scientific categories. Heliyon 3:e00300. doi: 10.1016/j.heliyon.2017.e00300 

 Perets, E. A., Chabeda, D., Gong, A. Z., Huang, X., Fung, T. S., Ng, K. Y., et al. (2020). Impact of the emergency transition to remote teaching on student engagement in a non-STEM undergraduate chemistry course in the time of COVID-19. J. Chem. Educ. 97, 2439–2447. doi: 10.1021/acs.jchemed.0c00879

 Pham, P. T., Lien, D. T. H., Kien, H. C., Chi, N. H., Tinh, P. T., Do, T., et al. (2022). Learning management system in developing countries: a bibliometric analysis between 2005 and 2020. Europ. J. Educ. Res. 11, 1363–1377. doi: 10.12973/eu-jer.11.3.1363

 Pokhrel, S., and Chhetri, R. (2021). A literature review on impact of COVID-19 pandemic on teaching and learning. High. Educ. Future 8, 133–141. doi: 10.1177/234763112098348

 Raccanello, D., Balbontín-Alvarado, R., da Silva Bezerra, D., Burro, R., Cheraghi, M., Dobrowolska, B., et al. (2022). Higher education students’ achievement emotions and their antecedents in e-learning amid COVID-19 pandemic: a multi-country survey. Learn. Instr. 80:101629. doi: 10.1016/j.learninstruc.2022.101629 

 Rapanta, C., Botturi, L., Goodyear, P., Guàrdia, L., and Koole, M. (2020). Online university teaching during and after the COVID-19 crisis: refocusing teacher presence and learning activity. Postdigital Sci. Educ. 2, 923–945. doi: 10.1007/s42438-020-00155-y

 Rasheed, R. A., Kamsin, A., and Abdullah, N. A. (2020). Challenges in the online component of blended learning: a systematic review. Comput. Educ. 144:103701. doi: 10.1016/j.compedu.2019.103701

 Rasli, A., Tee, M., Ling, L. Y., Cheak, T. Z., and Hui, S. E. (2022). Post COVID-19 strategies for higher education institutions in dealing with unknown and uncertainties. Front. Educ. 7:992063. doi: 10.3389/feduc.2022.992063

 Ravšelj, D., Umek, L., Todorovski, L., and Aristovnik, A. (2022). A review of digital era governance research in the first two decades: a bibliometric study. Future Internet 14:126. doi: 10.3390/fi14050126

 Rhile, I. J. (2020). Course redesign for college general chemistry during the COVID-19 pandemic. J. Chem. Educ. 97, 2857–2862. doi: 10.1021/acs.jchemed.0c00618

 Rogers, G., Szomszor, M., and Adams, J. (2020). Sample size in bibliometric analysis. Scientometrics 125, 777–794. doi: 10.1007/s11192-020-03647-7

 Rojas-Sánchez, M. A., Palos-Sánchez, P. R., and Folgado-Fernández, J. A. (2022). Systematic literature review and bibliometric analysis on virtual reality and education. Educ. Inf. Technol. 28, 155–192. doi: 10.1007/s10639-022-11167-5 

 Saqr, M., Raspopovic Milic, M., Pancheva, K., Jovic, J., Peltekova, E. V., and Conde, M. Á. (2023). A multimethod synthesis of COVID-19 education research: the tightrope between covidization and meaningfulness. Univ. Access Inf. Soc. 1-14, 1–14. doi: 10.1007/s10209-023-00989-w 

 Schultz, M., Callahan, D. L., and Miltiadous, A. (2020). Development and use of kitchen chemistry home practical activities during unanticipated campus closures. J. Chem. Educ. 97, 2678–2684. doi: 10.1021/acs.jchemed.0c00620

 Shapiro, H., and Reza, N. (2021). Cardiovascular medical education during the coronavirus disease 2019 pandemic: challenges, adaptations, and considerations for the future. US Cardiol. 15:25. doi: 10.15420/usc.2020.25 

 She, L., Ma, L., Jan, A., Sharif Nia, H., and Rahmatpour, P. (2021). Online learning satisfaction during COVID-19 pandemic among Chinese university students: the serial mediation model. Front. Psychol. 12:743936. doi: 10.3389/fpsyg.2021.743936

 Sobaih, A. E. E., Hasanein, A. M., and Abu Elnasr, A. E. (2020). Responses to COVID-19 in higher education: social media usage for sustaining formal academic communication in developing countries. Sustainability 12:6520. doi: 10.3390/su12166520x

 Sundarasen, S., Chinna, K., Kamaludin, K., Nurunnabi, M., Baloch, G. M., Khoshaim, H. B., et al. (2020). Psychological impact of COVID-19 and lockdown among university students in Malaysia: implications and policy recommendations. Int. J. Environ. Res. Public Health 17:6206. doi: 10.3390/ijerph17176206

 Tang, K. H. D. (2023). Impacts of COVID-19 on primary, secondary and tertiary education: a comprehensive review and recommendations for educational practices. Educ. Res. Policy Prac. 22, 23–61. doi: 10.1007/s10671-022-09319-y

 Tlili, A., Altınay, F., Altınay, Z., Aydın, C. H., Huang, R., and Sharma, R. (2022). Reflections on massive open online courses (Moocs) during the COVID-19 pandemic: a bibliometric mapping analysis. Turk. Online J. Dist. Educ. 23, 1–17. doi: 10.17718/tojde.1137107

 Vaicondam, Y., Sikandar, H., Irum, S., Khan, N., and Qureshi, M. I. (2022). Research landscape of digital learning over the past 20 years: a bibliometric and visualisation analysis. Int. J. Online Biomed. Eng. 18, 4–22. doi: 10.3991/ijoe.v18i08.31963

 Van der Graaf, L., Dunajeva, J., Siarova, H., and Bankauskaite, R. (2021). Research for CULT committee – Education and youth in post-COVID-19 Europe – Crisis effects and policy recommendations. European Parliament, Policy Department for Structural and Cohesion Policies, Brussels. Available at: http://www.europarl.europa.eu/thinktank/en/document.html?reference=IPOL_STU(2021)690872 (Accessed February 15, 2023).

 Van Eck, N., and Waltman, L. (2010). Software survey: VOSviewer, a computer program for bibliometric mapping. Scientometrics 84, 523–538. doi: 10.1007/s11192-009-0146-3 

 Vera-Baceta, M. A., Thelwall, M., and Kousha, K. (2019). Web of science and Scopus language coverage. Scientometrics 121, 1803–1813. doi: 10.1007/s11192-019-03264-z

 Waller, R., Hodge, S., Holford, J., Milana, M., and Webb, S. (2020). Lifelong education, social inequality and the COVID-19 health pandemic. Int. J. Lifelong Educ. 39, 243–246. doi: 10.1080/02601370.2020.1790267

 Wang, C., Lim, M. K., Zhao, L., Tseng, M. L., Chien, C. F., and Lev, B. (2020). The evolution of omega-the international journal of management science over the past 40 years: a bibliometric overview. Omega 93:102098. doi: 10.1016/j.omega.2019.08.005

 Watermeyer, R., Crick, T., Knight, C., and Goodall, J. (2021). COVID-19 and digital disruption in UK universities: afflictions and affordances of emergency online migration. High. Educ. 81, 623–641. doi: 10.1007/s10734-020-00561-y 

 Williams, N. D., Gallardo-Williams, M. T., Griffith, E. H., and Bretz, S. L. (2021). Investigating meaningful learning in virtual reality organic chemistry laboratories. J. Chem. Educ. 99, 1100–1105. doi: 10.1021/acs.jchemed.1c00476

 Yaghi, A. (2022). Impact of online education on anxiety and stress among undergraduate public affairs students: a longitudinal study during the COVID-19 pandemic. J. Public Affairs Educ. 28, 91–108. doi: 10.1080/15236803.2021.1954469

 Yan, Y., Cheng, X., Zhou, C., Yang, X., and Li, Y. Q. (2021). The perceptions of anatomy teachers for different majors during the COVID-19 pandemic: a national Chinese survey. Med. Educ. Online 26:1897267. doi: 10.1080/10872981.2021.1897267 

 Yan, H., Rahgozar, A., Sethuram, C., Karunananthan, S., Archibald, D., Bradley, L., et al. (2022). Natural language processing to identify digital learning tools in postgraduate family medicine: protocol for a scoping review. JMIR Res. Protocols 11:e34575. doi: 10.2196/34575 

 Zhang, L., Carter, R. A. Jr., Qian, X., Yang, S., Rujimora, J., and Wen, S. (2022). Academia’s responses to crisis: a bibliometric analysis of literature on online learning in higher education during COVID-19. Br. J. Educ. Technol. 53, 620–646. doi: 10.1111/bjet.13191 



OPS/images/feduc-08-1225834-g003.jpg
s
4
x
£
H]
ks

G £
10° 4 @iy
b e g
IC Med. Educ. ‘
. . Tl
o &
P
1 on 0.
. o B ACH o G Prc. S
102 4 o *
gt ) Ener Tog L
o Compt k.S
CEUR Workho Proc.
gl Mo Comp S
g B o e e ASEE Ao, Gt xpn o,
e Bt . . Con,
= ol b e Plec ot Neworks Sy
10" 4
H-index
.
°
o s e ‘
“

1% 10" 6% 10" 10%
Number of documents

2021.72

2020.30

Average year of publication





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Impact of the COVID-19 pandemic on online learning in higher education: a bibliometric analysis



		1. Introduction



		2. Literature review



		3. Materials and methods



		4. Results



		5. Conclusion



		Data availability statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		References



















OPS/images/feduc-08-1225834-g002.jpg
Total number of citations

10*

P

P

s @

o
e

ot Asia

®esssian Federation

s sngy

H-index
[

10%
Number of documents

2021.08

2020.77

3
2
a

s
<
o
&
8
g

<





OPS/images/feduc-08-1225834-g005.jpg
cT ONLINE LEARNING FIELDS OF STUDY

e-learning

| [CEET—
- 11004 \‘

social media A il

medical education

G

distance learning

lﬁ\{. x! zenglneerlng education

[Flvideo conference; <

Igamlﬁcatlon\v/"f S >Iimal lemmq \
nification

-=youtube

=internet of thing
B augmented reality o~

Wmobile application 1m-|eammg





OPS/images/feduc-08-1225834-g004.jpg
A vosiewer





OPS/images/feduc-08-1225834-g001.jpg
Bibliometric approaches

Descriptive Scientific Network
overview production analysis
v y v
Descriptive . Keyword
S Countries o
statistics co-occurrence
¥ v v
Relevant Three-field
Sources
documents plot






OPS/images/feduc-08-1225834-e010.jpg





OPS/images/cover.jpg
' frontiers | Frontiers in Education

Impact of the COVID-19
pandemic on online learning in
higher education: a bibliometric

analysis












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
¥ frontiers Frontiers in Education






OPS/images/feduc-08-1225834-e005.jpg





OPS/images/feduc-08-1225834-e006.jpg





OPS/images/feduc-08-1225834-e003.jpg
Wi s





OPS/images/feduc-08-1225834-e004.jpg





OPS/images/feduc-08-1225834-e009.jpg





OPS/images/feduc-08-1225834-e007.jpg





OPS/images/feduc-08-1225834-e008.jpg
cl «c,





OPS/images/feduc-08-1225834-e001.jpg





OPS/images/feduc-08-1225834-e002.jpg





OPS/images/feduc-08-1225834-t002.jpg
Author
Year

Chick etal. (2020)

Rapanta et al. (2020)

Aristovnik et al. (2020a)

‘Adedoyin and Soykan (2020)

Murphy (2020)

Garcia Perialvo et al. (2020

Dwivedi et al. (2020)

Dedeilia etal. (2020)

Iyer etal. (2020)

Kapasia et al. (2020)

Document title

Using technology to maintain the education of residents during
the COVID-19 pandemic

Online university teaching during and after the COVID-19

crisis: Refocusing teacher presence and learning activity

Impacts of the COVID-19 pandemic on life of higher education
students: A global perspective

COVID-19 pandemic and online learning: The challenges and

opportunities

COVID-19 and emergency elearning: Consequences of the

securitization of higher education for post-pandemic pedagogy

Online assessment er education in the time of COVID-19

Impact of COVID-19 pandemic on information management
research and practice: Transforming education, work and life
Medical and surgical education challenges and innovations in
the COVID-19 era: A systematic review

Impact of COVID-19 on dental education in the United States
Impact of lockdown on learning status of undergraduate and
postgraduate students during COVID-19 pandemic in West
Bengal, India

Own elaboration based on the Scopus database.

Source title

Journal of Surgical Education

Post digital Science and Education

Sustainability

Interactive Learning Environments

Contemporary Security Policy

Education in the Knowledge

Society

International Journal of

Information Management

In Vivo

Journal of Dental Education

Children and Youth Services

Review

Cited by

359

339

280

256

216

194

192

173

173

171

Pedagogy

Life and work

ict

Pedagogy

Pedagogy

Life and work

ict

Pedagogy

Life and work





OPS/images/feduc-08-1225834-t001.jpg
ndings

January 2020 - March 2022

Documents 8303
Language of original document: English 7922
Cited documents 3856
Single-authored documents 1273
Sources (Journals, Books etc.) 2447
References per document 3139
Citations per document 350
Average year of references 201403
Heindex 60
Grindex 94
cs 1334
cio 691
c0 302
C50 7
c1o0 31

Own elaboration based on the Scopus database.





OPS/images/feduc-08-1225834-t003.jpg
Research hotspots Representative keywords

T and e Active learning, assessment, evaluation, higher education, ict,
and pedagoy
PR learning, online, pedagogy; teaching, university

Engineering education, machine learning, mechanical
Technology-enhanced education
education, simulation, social media, survey, telehealth, training

Mental health and well-being Anxiety, covid-19, depression, mental health, stress, students

Challenges, flipped classroom, lockdown, motivation, student
Student experience

engagement, student satisfaction
Curriculum and professional Curriculum, e-learning, professional development, student-
development centered learning, undergraduate

Own elaboration based on the Scopus database.

Representative documents
Gritsova and Tissen (2021), Hamdan etal. (2021), Yan et al. (2021)

Kahwash etal. (2021), Leighton etal. (2021), Shapiro and Reza
(2021)

Abu Kwaik et al. (2021), Keskin (2021), Yaghi (2022)

Bawa'aneh (2021), Bismala and Manurung (2021), She et al. (2021)

Chen etal. (2020), Gonzalez and Knecht (2020), Rhile (2020)





