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ABSTRACT 

Recently, the digitalization of education has been one of the dynamically developed issues across whole the levels of 

educational systems. However, the dynamic of the research in this area has accelerated much more than it has been 

originally expected via extrapolating the time line of research activities. The reason is mainly the pandemic COVID-19 

and its impact on the distance learning and ICT technologies incorporation into standard educational processes without 

previous testing phase. Thus, even the attention paid to the digitalization of education has raised, its practical range has 

growth unproportionally and current situation has shown that in many aspects real practical needs are not covered by 

appropriate theoretical approaches. Following this fact, the aim of this paper is to analyse trends in the scientific 

approaches to the digitalization of education and to state whether there is consistency or radical change in detected 

trends under the impact of COVID-19. The scientific contribution of the fulfilment of such an aim consists in the 

identification of convergence eventually divergence between the theory and practice of selected field. Methodologically, 

bibliometric analysis provided in scope of Web of Science database via VOSviewer platform has been chosen as 

appropriate one. Based on such an approach, it has been analysed the basic dataset from years 2019-2021 where the 

consistency resp. radical change in the trends in the digitalization of education under the impact of pandemic COVID-

19 has been identified. On the case study of this issue, the intensity of interactions between cotemporary theory and 

practice can be prospectively discussed in wider context of the usefulness of the science. 
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1. INTRODUCTION 

Digitalization of education has been one of the hot 

topics following the trend of social digital transformation 

[1]. Thus it could be stated, that in the light and shadow 

of this fact, the pandemic crisis and the phenomenon of 

"homeeducation" caused by this situation should suffer 

relatively lower negative aspects in comparison with 

other parts of human lives and social mechanisms where 

the digitalization hasn´t been originally discusses with 

such an intensity. However, chronologically were 

scientific disputes mainly focused on advanced specific 

issues of digitalization as digital gamification [2]. Other 

scientific flows have been detected mainly in scope of 

digital literacy and digital education governance as basic 

prerequisites of optimal implementation [3,4]. Thus, it 

can be observed the shift from practical application issues 

like individual tools of digital education and overall 

digital literacy to the more sophistic ones on the macro 

level of educational systems. On the other hand, also 

originally discussed topics have indicated certain gaps in 

scope of current pandemic situation. Example of such a 

deficiency is the attention paid to the digital literacy of 

students. It has been abstracted from the aspect of digital 

literacy of teaching staff despite the fact that the need of 

further research of this issue has been already highlighted 

[5]. According to above mentioned, the situation could 

evoke the impression that pandemic crisis has radically 

restructured the scientific interest in scope of digitalizing 

education. On the other hand, when analysing recent 

papers included in Web of Science database, the 

consistency in solved topics can be still observed. Thus, 

gamification as individual tool of digital education is still 

present [6,7]. Similarly, digital competences of specific 

categories of students are still discussed [8]. 

Governmental support and interventions to the 

digitalization of education are currently analysed in 

scope of digital facilities and hierarchical structure of 

educational institutions [9]. Beside these topics there are 
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also many new issues included in Web of Science 

database which are connected with pandemic situation 

[10]. It can be stated that the theoretical approaches are 

fragmented. This fact is prospective barrier of effective 

digitalization of education. Thus, it should be answered 

whether the needs of educational practice are followed by 

the science or the science is living its own life without 

real interaction with current situation and practical 

implications of solved problems.  

2. DATA AND METHODOLOGY 

From the methodological point of view, this paper is 

based on the bibliometric analysis of the data provided 

via VOSviewer software platform. This freely available 

platform is standardly used to create citation maps of 

publications, authors and citation networks. The process 

of a scientific mapping comprises the following steps: 1) 

data search; 2) data pre-processing; 3) extraction of the 

citation map; 4) data standardisation; 5) citation 

mapping; 6) data analysis, and 7) data visualisation.  The 

essence of the bibliometric analysis lies in the clustering 

approach. The cluster analysis belongs to methods which 

deal with a similarity of multi-dimensional objects and a 

classification of these objects into clusters [11].   

Generally, a cluster analysis can be defined as a 

general logical method formulated as a procedure; it is 

used to merge objects into groups - clusters, based on 

their similarity and difference [12]. The cluster analysis 

can also be used to radically decrease the dimension of a 

task; the variables under consideration are replaced with 

a single variable, expressing the affiliation to such a 

defined cluster [13]. A cluster is a group of objects whose 

distance (dissimilarity) is less than the distance between 

objects not belonging to the cluster [14]. A similarity 

measure of objects xi and xj is noted as S (xi, xj), or Sij in 

its short form, and it is true that Sij = Sji. In an ideal case 

similarity measures take values from an interval, where 0 

means the maximum dissimilarity of objects, and 1 

means the maximum identity. A dissimilarity measure of 

objects xi and xj is noted as D (xi, xj), or Dij in its short 

form, and the following is true: 1) Dij ≥ 0; 2) Dii = 0; 3) 

Dij = Dji. The similarity of objects can be measured with 

different methods which can usually be categorised into 

the following basic groups: 1) association measures; 2) 

distance measures (metrics); and 3) correlation measures, 

where coefficients of association and correlation 

represent measures of the objects similarity, and the 

metrics represent measures of the objects dissimilarity 

[15]. 

Relevant secondary data has been obtained via 

analysis of current structure of publications focused on 

the key words "digital" and "education" in the titles of 

papers included in the database Web of Science. The 

observed records can be represented with papers 

concentrating on the key words "digital" and "education" 

included in the database Web of Science in years 2019-

2021. Based on the outcomes of this analysis, the 

consistency resp. radical change in the trends in the 

digitalization of education under the impact of pandemic 

COVID-19 can be proven.  

3. RESULTS AND DISCUSSION 

In 2019, 466 papers obtaining key words "digital" and 

"education" in the titles were included to the Web of 

Science database. In 2020, it was 451 papers. In 2021, it 

has been 73 papers in first quarter of the year. On the 

other hand, also the time delay in indexation (vs. 

publication of the paper) should be taken into account. 

Thus, part of the papers, which has been indexed in 2020, 

were published in 2019. This situation is prospective 

reason of distortion of own bibliometric research. From 

regional point of view, in 2019, the leading country was 

USA (61 papers), followed by Russia (46 papers) and 

England (40 papers). In 2020, the leading country was 

Spain (75 papers), followed by USA (52 papers) and 

Russia (35 papers). In 2021, Spain remains to be the 

leading country (12 papers so far), followed by England 

(8 papers) and Germany, Peoples Republic China and 

USA (all per 7 papers). From institutional point of view, 

Nanyang Technological University in Singapore was the 

most enhanced organization in 2019 (21 papers). In 2020, 

there were two leading institutions (both per 10 papers) – 

University of Granada, Spain and University of London, 

United Kingdom. In 2021, the leading institution can not 

be identified clearly as there are 8 institutions per 2 

publications so far. In scope of trends detection, the 

analysis of the most cited papers would be useful to 

clarify the results of realized bibliometric analysis. In 

2019, the most cited paper focuses on the phenomenon of 

the adoption of digitalization of education by teaching 

staff [16]. This paper has 131 citations so far. However, 

this paper was published still in January 2019 and thus, it 

cannot be stated that it has any connection with year 

trends and pandemic impact analysis. On the other hand, 

we can clearly state that second and third most cited 

papers have relevancy to the pandemic situation. Both 

papers (43 resp. 30 citations) are focused on the usage of 

virtual reality and simulators in the educational processes 

of healthcare staff [17,18]. In 2020, were two of top three 

most cited papers directly connected with the pandemic 

COVID-19 [19,20]. Another paper is focused on global 

research trends in sustainable digital transformation in 

higher education [21]. In 2021, authors focus on the 

research of functionalities of free available learning 

digital platforms in scope of selected subjects [22,23]. 

However, the total amount of citations is still not enough 

reliable to state that this topic is the hot topic of the year 

in scope of digitalization of education. On the other hand, 

it can be observed intensive interaction between theory 

and practical needs created as a result of actual pandemic 

situation. 

Fig. 1 shows graphically the distribution of trends in 

digital education in year 2019. Trend shown blue 
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indicates effectiveness and quality of digital education. 

Trend shown red covers digital skills, competences and 

literacy of the subjects – teachers as well as students and 

trend shown green consists in digital socio-cultural 

transformation and institutional stratification in scope of 

digital education. As it is obvious, "green" and "red" 

trends have strong interaction, while "blue" trend is 

significantly separated. All detected trends can be 

considered as general and the further analysis of their 

development in upcoming pandemic years would be 

relevant. 

 
Figure 1 2019 bibliometric trends in digital education. 

Fig. 2 shows graphically the distribution of trends in 

digital education in year 2020. Similarly, also in this year 

three trends have been indicated. However, their internal 

interaction is significant. Trend shown blue indicates ICT 

institutional level, digital skills, competences and literacy 

of teaching staff. Trend shown green covers pedagogical 

challenges and the issue of digital skills, competences 

and literacy of students. Trend shown red consists in the 

basic establishment of practical issues in digitalization of 

educational processes highlighting pandemic impact. 

 
Figure 2 2020 bibliometric trends in digital education. 

Fig. 3 shows graphically the distribution of trends in 

digital education in year 2021. Also in this year three 

autonomous trends with strong interactions have been 

indicated. Trend shown blue covers pedagogical 

challenges of digitalization in higher education. Trend 

shown red consists in the effectiveness of selected digital 

platforms and the transfer of knowledge and best practice 

in this field. Trend shown green covers the development 

of digital skills of subjects and their attitudes towards 

digital pandemic educational challenges.  

 
Figure 3 2021 bibliometric trends in digital education. 

No one of the bibliometric analysis outcomes have 

indicated the convergence between the trends and the 

topic of the most cited papers. However, it can be stated 

that pandemic crisis influenced the scientific flows in 

analysed area. While in 2019, effectiveness and quality 

of digital education has been indicated as autonomous 

trend without significant interactions with digital 

competences and digitalization of education, in 

upcoming years the situation has significantly changed. 

The interactions between trends have been detected as 

intensive and the issue of the quality and effectiveness of 

digitalization of education has disappeared as it stayed 

the only one option how to continue with educational 

processes and the discussion about its quality has become 

obsolete. However, it can be expected that after pandemic 

crisis this topic would increase in its theoretical and 

practical importance. 

4. CONCLUSIONS 

The aim of this paper was to analyse trends in the 

scientific approaches to the digitalization of education 

and to state whether there is consistency or radical change 

in detected trends under the impact of COVID-19. 

Methodologically, bibliometric analysis provided in 

scope of Web of Science database via VOSviewer 

platform was chosen. Based on such an approach, the 

basic dataset from years 2019-2021 was analysed. The 

scientific contribution of the fulfilment of such an aim 

consisteded in the identification of convergence 

eventually divergence between the theory and practice of 

the digitalization of education. It was found out that in 

analyse years these trends were significantly different 

(mainly when comparing 2019 vs. 2020 eventually 

2021). In 2019 these trends were: 1) effectiveness and 

quality of digital education; 2) digital skills, competences 

and literacy of the subjects and 3) digital socio-cultural 

transformation and institutional stratification in scope of 

digital education. In 2020 these trends could be observed: 

1) ICT on institutional level and digital skills of teachers; 

2) pedagogical challenges and digital skills of students 

and 3) practical issues of digitalization in educational 

processes highlighting pandemic impact. In 2021 the 

distribution of trends seems to be the following: 1) 

pedagogical challenges of digitalization in higher 

education; 2) effectiveness of selected digital platforms 
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and the transfer of knowledge and 3) development of 

digital skills of subjects and their attitudes towards digital 

pandemic educational challenges. On the case study of 

this issue, the intensity of interactions between 

cotemporary theory and practice have been detected as 

unsatisfactory for the purposes of practical issues of 

digitalization of education caused by pandemic crisis. 

Thus, it has been shown significant divergence between 

scientific approaches and practical issues. This finding 

can be also prospectively discussed also wider context of 

the usefulness of the science for the needs of practice and 

social sustainable development achievement. 
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