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Purpose: Global discussion issues include managing innovation and incorporating 11 

digitalization into higher education. Combining and balancing these, digitalization may hold 12 

the key to enhancing higher education's capacity for innovation and expanding the use of 13 

cutting-edge learning technologies into their curricula, ultimately boosting student 14 

achievement. The distinctiveness of the research is on the need to improve higher education's 15 

administration, instruction, and practice via the process of innovation and digitalization of 16 

higher education. The primary goal research purpose of the study is to examine the relationships 17 

between higher education and different facets of digitalization in the context of European 18 

countries.  19 

Design/methodology/approach: Methods used to carry out the empirical analysis were 20 

EViews 12.0, SPSS 28, and Tableau. Moreover to find out whether there is a connection 21 

between digitalization and higher education, panel regression and Granger causality were 22 

applied. Due to data accessibility, we utilized data from 31 European nations for the 2013 and 23 

2020 empirical research relating the Digital Economy and Society Index (DESI) components 24 

and higher education. 25 

Findings: The results suggest that every hypothesis was correct, and digitalization is crucial 26 

for higher education since it shows outstanding levels of dependability with Industry 4.0.  27 

The integration of digital technologies, internet usage, and digital public services all have  28 

a significant influence on higher education in EU nations. Additionally, studies have shown that 29 

throughout time, the higher education systems in various European nations have changed in 30 

diverse ways in terms of digitalization. As a result, the integration of higher education and 31 

innovation on a new digital foundation will support digital public services of research 32 

discoveries and creative operations of higher education institutions. 33 

Originality/value: The challenges of the human capital required in the digital economy have 34 

received the bulk of attention in research on innovation and digitalization in higher education. 35 

In the case of European countries, there are no empirical research on the connections between 36 

elements related to digitalization and higher education. This document fills the gap in this 37 

situation. The novel of the study tackles digitalization in higher education and the need of 38 
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enhancing managers, educators, and practitioners' professional growth in higher education via 1 

the process of innovation. 2 

Keywords: Digital University, Economy and Society Index, EViews 12.0, improvement, 3 

innovation, SPSS 28, strategic management, Tableau. 4 

Category of the paper: research paper. 5 

1. Introduction  6 

Digitalization has altered the entire educational structure globally during the last decade, 7 

with practitioners, scholars, and policymakers paying close attention to educational progress 8 

(Bond et al., 2020; Pan et al., 2023; Rosak-Szyrocka, Zywiolek et al., 2022). Education is 9 

unaffected by the fast progress of technology's digitalization (Ciolacu and Svasta, 2021; Rosak-10 

Szyrocka et al., 2024); other areas are also changing. The world's living and working standards 11 

are changing as a result of the Fourth Industrial Revolution, making many conventional 12 

educational models and teaching techniques outdated. Digital education penetrates and aids in 13 

the education of students from afar (E-learning…, 2015; Ronchi, 2019). Other areas of the 14 

industrial revolution are likewise reliant on educational structures to increase industry 15 

capabilities. The development of the educational sector was an important aspect of the industrial 16 

revolution (Jung, 2020). Regarding communication situations, accurate information, and 17 

understanding application, the educational sector has a chance to achieve a more significant 18 

aim (Information and Communication…, 2017; Measuring Teachers' Readiness…, 2020). 19 

Although knowledge will be freely accessible, comprehension and perspective on it will be 20 

required to establish innovative learning strategies. All methods and ways of life learning, 21 

distant learning, and practical learning will now have to be accommodated in traditional 22 

classroom education (Editor Academic Journals & Conferences, 2022; Tiwari et al., 2022;  23 

Wu et al., 2018). The challenges of the human capital required in the digital economy have 24 

received the bulk of attention in research on innovation and digitalization in higher education. 25 

In the case of European countries, there are no empirical research on the connections between 26 

elements related to digitalization and higher education. This document fills the gap in this 27 

situation. The novel of the study tackles digitalization in higher education and the need of 28 

enhancing managers, educators, and practitioners' professional growth in higher education via 29 

the process of innovation. 30 

  31 
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2. Literature review  1 

The term "digitalization," often referred to as "digital transformation," refers to a business 2 

strategy that is supported by "trends related to the employment of digital technology in all 3 

sectors of human society (Stolterman, Fors, 2004). The concept of "digitalization" refers to the 4 

use of digital technology to many spheres of human existence and business across the globe. 5 

The growth of "smart cities" and "smart objects" has been linked to the rise of digitalization as 6 

one of the major themes in the development of contemporary nations (Analysis of the 7 

transformation…, 2021). The fourth industrial revolution emphasizes the use of high-speed 8 

Internet to facilitate the adoption of digital technology (Fahim et al., 2021; Feerick et al., 2022). 9 

The influence of digital technology on the learning process is enormous (Hariharasudan, Kot, 10 

2018). Because the procedures for the expansion of the digital economy are moving more 11 

quickly, the higher education system is changing. Universities are forced to digitize their own 12 

educational, research, international, marketing, financial, and economic activities in order to 13 

maintain their competitiveness in the global market for educational services (Popelo, 2017). 14 

The use of technology in education is bringing up new avenues for learning and resource 15 

efficiency (Qureshi et al., 2021). Infrastructures on a large scale are being condensed into  16 

a single space and a single digital device. Higher education must incorporate the latest related 17 

technologies, and the Internet of Things must adapt to new methods of interacting with 18 

machines and data (Khan, Javaid, 2021). Digital technologies including artificial intelligence, 19 

cloud computing, additive manufacturing, data analytics, wireless sensor networks and social 20 

media (Lanzolla et al., 2021) are just a few examples that provide unmatched opportunities for 21 

creating and delivering distinctive products (Verganti et al., 2020). Digital product innovation 22 

is becoming a more important strategy for businesses (Nylén, Holmström, 2015). New goods 23 

or services that use or are made feasible by digital technology are known as "digital product 24 

innovations" (Lyytinen et al., 2016; Nambisan et al., 2017). The global socioeconomic issues 25 

force higher education in the twenty-first century to embrace digital technology and big data 26 

analytics in order to provide tailored learning skills via value-added intelligent educational 27 

models (Tiwari et al., 2022; Żywiołek et al., 2021). This allows for a collaborative learning 28 

environment in which academics determine the finest educational learning models.  29 

The COVID-19 virus serves as an example of how sophisticated educational technology have 30 

become one of the most important components in integrating institutions into the increasingly 31 

competitive global market (Rosak-Szyrocka, Zywiolek et al., 2022; Vargo et al., 2021; Verma 32 

et al., 2022). Digital technology is having a significant impact on education, skills,  33 

and employment. These changes highlight the growing importance of technology in education 34 

4.0 (17th International Conference…, 2020; 2021 IEEE Global Engineering…, 2021; 35 

Effectiveness of Digital Technology, 2021; Rosak-Szyrocka, Apostu et al., 2022; Tri et al., 36 

2021b). As a consequence of educational cooperation, digital technologies are advancing 37 

beyond cutting-edge and unconventional teaching and learning approaches. Digitalization 38 

should be incorporated into the educational institution's competitiveness strategy as well as the 39 
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state's educational policy (The shape…, 2015; Digital transformation…, 2018; Exploring 1 

digital transformation…, 2021; Popelo, 2017; Reyes Salazar et al., 2021; Rodrigues, 2017; 2 

Toader et al., 2021). The key dimensions of higher education's impact on the digital economy 3 

are shown in Table 1. In the modern world, students are used to using digital devices like 4 

smartphones, tablets, and laptops in everything from elementary school to higher education 5 

(Oztemel, Gursev, 2020; Qureshi et al., 2021). The majority of the time, people use these 6 

gadgets for communication and amusement. However, the changing world's need is for pupils 7 

to study and be educated through these technologies (Networked, Smart…, 2020; Lee et al., 8 

2014). For trainers and instructors who have been working for a long time, understanding these 9 

gadgets is difficult. The findings of Zeehan's (Zeehan et al., 2020) study point to the difficulty 10 

of teachers' preparation for new technology. The study's conclusions also suggest that in order 11 

to enhance students' skills in digital technology education, instructors still have not properly 12 

included digital technologies into their teaching strategies. The outcomes of Zeehan research 13 

suggest that instructors' preparation for new technologies is difficult. The study's conclusions 14 

also suggest that teachers still need to do more to enhance the effectiveness of their teaching 15 

approaches by using digital technologies. The emphasis on education is shifting in the modern 16 

world to include technological learning and usability (Qureshi et al., 2021; Safiullin, 17 

Akhmetshin, 2019). When a person learns a new technology in a reasonable amount of time, 18 

they will be deemed skilled. The notion of education 4.0 (Khan, Qureshi, 2020) is a skill that is 19 

valuable now but may not be relevant tomorrow. Digital technologies that are simple, 20 

affordable, and effective will be widely used in education in the future (Rosak-Szyrocka, 21 

Blaskova, 2016; Rosak-Szyrocka et al., 2021). Therefore, education administration and learning 22 

practices must encourage vigorous improvement, exceptional service systems, resolve, 23 

particular aptitudes, access to top data and information resources, completion, alignment to 24 

excellence, continuous transformation and growth, and belief (Flexible forms…, 2018; Eglash 25 

et al., 2020). It's crucial to keep in mind that the modernization of institutions was sparked by 26 

the expansion of the digital economy. Higher education institutions need to use modern 27 

information and communication technologies into their instructional and research operations if 28 

they want to compete in the market for educational services. At this time, a lot of focus is being 29 

placed on equipping students and teachers with the digital skills they need, including providing 30 

them with gadgets and a good Internet connection. At the moment, a lot of attention is being 31 

paid to providing students and instructors with the necessary digital skills, including giving 32 

them access to devices and a reliable Internet connection. Distance and blended education are 33 

now an important aspect of every university's operations. Authors Batista et al. (2016),  34 

Bond et al. (2018), Cosmulese et al. (2019), Djakona et al. (2020, 2021), Filyppova et al. (2021), 35 

Skharlet et al. (2019), Tkalenko et al., (2017), Tømte et al. (2019), Ugur et al., (2020) have 36 

looked at the value and potential of contemporary information and communication technologies 37 

as a tactical tool to ensure that the higher education system is responsive to the demands of the 38 

digital economy (Tkalenko, 2017). 39 
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Table 1. 1 
The key dimensions of higher education’s impact on the digital economy 2 

A characteristic of the digital economy Impact directions on higher education's modernisation 

initiatives 

Increasing significance of information in 

a nation's economic development 

Increasing the demands on graduates of higher education 

institutions in terms of professional knowledge and abilities; 

encouraging lifelong learning 

The role of information in a nation's 

economic development is becoming 

more important. 

Intensification of knowledge and information generating 

processes, as well as advancements in knowledge and 

information transmission routes in the economy 

Economic enterprises are actively 

incorporating information technology 

into their operations 

Dissemination of distance education; development of future 

professionals' operational mastery and productive work abilities 

using current technologies for information and communication 

The creation of an international 

information space 

Extensive access to information technology for students, 

population information mobility and media literacy, the 

development of young people's preparation for interprofessional 

and interterritorial labor mobility 

Increase in the proportion of 

information goods 

Higher education institutions' focus on developing specialists 

for new professions, whose demand is generated by new types 

of economic activity 

A focus on training specialists for new 

professions, the need for which is 

brought on by new sorts of economic 

activity, by higher education institutions 

Higher education institutions should emphasize hiring IT 

professionals and concentrate on specialized training in 

information and communication technology (especially limited 

specialty) 

Informatization, computerization The integration of modern information and communication 

technology into academic procedures at universities, the 

development of global competencies among applicants to higher 

education, and the preparation of professionals to compete in  

a global labor market (in light of the increase in overseas work 

options due to the usage of Internet resources) 

Source: own study base on (Popelo, 2017). 3 

3. Data and methodology 4 

Considering the extant literature, the subsequent hypothesis were formulated: 5 

H1: Use of Internet significantly influences higher education. 6 

H2: Integration of Digital Technology significantly influences higher education. 7 

H3: Digital Public Services significantly influences higher education. 8 

H4: The European countries evolved differently regarding digitalization and higher 9 

education across time.  10 

The study explores the relations between higher education and digitalization components in 11 

case of European countries. Thus, higher education is represented by tertiary education,  12 

and digitalization is represented through three dimensions encountered also in DESI 13 

calculation: Internet using, Digital Administrative Services and Integration of Digital 14 

Technology. For Use of Internet dimension, it was used Fixed broadband coverage,  15 

for Integration of Digital Technology dimension it was used E-commerce sales, and for Digital 16 

Public Services dimension it was used Individuals using internet in case of relationship with 17 
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public authorities. The proportion of upper secondary, post-secondary non-tertiary, and tertiary 1 

education is reflected in the tertiary education. The E-commerce sales represents the number of 2 

enterprises registering e-commerce sales for more than 1% turnover reported to the total number 3 

of companies, except financial sector with more than 10 employees and self-employed persons. 4 

The Fixed broadband coverage represents the percentage of Fixed broadband coverage  5 

(DSL, incl. VDSL, FTTP, Cable modem DOCSIS 3.0/3.1, incl. DOCSIS 1.0/2.0, FWA) in case 6 

of householders. The proportion of people who used the internet in the last year to communicate 7 

with public authorities is shown by the Individuals utilizing the internet for engagement with 8 

public authorities. The study period was specified as 2013-2020 and all the variables were 9 

annual. All the variables are described in Table 2. 10 

Table 2.  11 

Dataset definition 12 

Variables Definition Unit Source 

TE Tertiary education % Eurostat Database 

ECS E-commerce sales % Eurostat Database 

FBC Fixed broadband coverage % Eurostat Database 

IPA Individuals using internet in case of relationship with 

public authorities 

% Eurostat Database 

Source: own study. 13 

The sample of the study consists of 31 European countries, according to the availability of 14 

the data. The programs SPSS 28, EViews 12.0 and Tableau were used for the empirical analysis.  15 

In order to detect if there is a causality between digitalization and higher education it was 16 

used Granger causality and panel regression. In case of panel data, before running the panel 17 

ganger causality is necessary to verify cross-section dependence and test the stationarity using 18 

Unit root tests. To test the cross-section dependence, the most common tests are Lagrange 19 

Multiplier (LM), Pesaran’s CD test, Friedman’s test and Frees’ test. Regarding stationarity,  20 

are used unit root tests, such as Pesaran test, Shin W-stat, Lin & Chu t test. The IPS and Levin 21 

tests imply cross-section independence in case of errors, but Pesaran (Pesaran, 2021) developed 22 

a cross-section IPS including cross-section dependence.  23 

In case of static panel regression three different models can be used: common constant, 24 

fixed effects (FEs), and random effects (REs). There are no discrepancies between the matrices 25 

of the data in case of cross-sectional aspect when using the common constant approach (N). 26 

Differences between units may be handled by using a different intercept when FE models are 27 

employed. Interference variables may relate to time and units when the RE model is applied 28 

(Apostu et al., 2022). FE models are appropriate in case of specific set of entities and the  29 

RE model are appropriate in case inferences are based on entities randomly drawn from a large 30 

sample (Baltagi et al., 2012). 31 

  32 



Higher education and digitalization in perspective… 475 

The regression equation for panel data analysis can be expressed as follows: 1 

𝑦𝑖𝑡  =  𝑏0  + 𝑏1𝑥1𝑖𝑡 + ⋯ + 𝑏𝑘𝑥𝑘𝑖𝑡 + 𝑒𝑖𝑡 (1) 2 

where: 3 

𝑏0 – cross section constant on time axis, 4 

𝑦𝑖𝑡 – the endogenous variable, 5 

𝑥𝑘𝑖𝑡 – the exogenous variable, 𝑋𝑘, where: 6 

𝑖 =  1, ⋯ , 𝑛 – n represents cross sections, 7 

𝑡 =  1, ⋯ , 𝑇 – t represents time axis, in our case the years, 8 

eit – the error term. 9 

 10 

In case of FEs, the model has the following form: 11 

yit  =  b0i  + b1x1 + ⋯ +  bkxkit + eit  (2) 12 

The model for Res can be expressed as follows:  13 

yit  =  (b0 + vi)  + b1x1it + ⋯ +  bkxkit + eit  (3) 14 

yit  =  b0 + b1x1it + ⋯ +  bkxkit +  (vi + eit)  (4) 15 

In order to select between REs and FEs it was used Hausman test and Redundant Fixed 16 

Effects test. Robustness checks imply errors heteroskedasticity, autocorrelation and dependence 17 

between the panels). For this were used the Wooldridge test (for autocorrelation). Wald test (for 18 

heteroskedasticity in case of errors), Pesaran test (for dependence among the panels in case of 19 

errors), Greene heteroscedasticity test and LM test (errors autocorrelation). In order to group 20 

the countries according to digitalization and higher education we used cluster analysis, 21 

respectively Hierarchical cluster. The homogenous groups were defined based on digitalization 22 

components and tertiary education. In cluster analysis, comparable data are grouped into 23 

uniform subsets to reveal distinctive patterns. Through remote function and grouping 24 

algorithms, the similarity between items is assessed. The similarity measures are calculated 25 

between observations and between clusters, after clusters are generated (Boccard, Rudaz, 26 

2013). The clustering techniques assess the effectiveness of cluster configuration recovery 27 

techniques already present in the data, verifying the algorithms. Validating the algorithms 28 

reflects the methods capacity to regain cluster structures existing in the data. Statistical analyses 29 

of empirical datasets, mathematical derivations, and Monte Carlo simulation techniques are all 30 

examples of validation procedures (Milligan, Cooper, 1987). The correlation approach serves 31 

as the foundation for the hierarchical grouping algorithm (Sokal, 1958). The dendrogram, which 32 

groups all of the pieces into a single tree, illustrates the basic objective of the hierarchical 33 

grouping method. A node links two or more components, and the average of the integrated 34 

elements is used to compute the node expression profile (Eisen et al., 1998). Hierarchical 35 

Cluster Analysis identify the objects governing structure considering iterative process through 36 

objects association (agglomerative methods) or dissociation (divisive methods) (Steinbach  37 

et al., 2004). 38 
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For a certain collection of items, hierarchical cluster analysis seeks to create a hierarchically 1 

structured series of partitions; the resulting hierarchy is based on closeness measurements 2 

determined for each pair of objects (Köhn, Hubert, 2015). 3 

Beginning with items in distinct clusters, the agglomeration process mixes the sequences 4 

until all the objects are a part of a single cluster (Almeida et al., 2007). 5 

4. Empirical results 6 

We employed the panel data equation model described below to address the study aim of 7 

the factors influencing high levels of education in European nations: 8 

TEit = βit + β1ECSit + β2FBCit + β3IPAit + εit  (5) 9 

The dependent variable is tertiary education The independent variables considered in the 10 

regression equations are E-commerce sales, Fixed broadband coverage, and Individuals using 11 

internet in case of relationship with public authorities. The statistics for the variables are 12 

presented in Table 3. 13 

Table 3. 14 

Summary statistics of dependent and explanatory variables 15 

Variables Mean Std. Deviation Min. Max. Skewness Kurtosis 

Tertiary education 28.950 7.242 13.800 42.800 -0.227 1.989 

E-commerce sales 17.404 7.259 5.000 38.000 0.374 2.395 

Fixed broadband 

coverage 

95.732 5.120 79.100 100.000 -1.599 4.904 

Individuals using the 

internet for interaction 

with public authorities 

63.043 18.558 9.000 94.000 -0.513 3.098 

Source: own study. 16 

To determine the characteristics of the sampled nations, summary statistics of the data were 17 

carried out (Table 3). The average value for tertiary education for the European countries 18 

included in the sample is 28.95%, the minimum is 13.80%, the maximum is 42.80%,  19 

and the standard deviation is 7.24%. In the case of E-commerce sales, the values vary between 20 

5% and 38%, the average is 17.40% and standard deviation of 7.26%. The average score for 21 

fixed broadband coverage is 95.73% with standard deviation of 5.12%, the smallest value being 22 

79.10% and the biggest value 100%.  23 

The percentage of people who contact with governmental authorities online ranges from 24 

9% to 94%; the average is 63.04%, with a standard deviation of 18.56%. According to 25 

Skewness and Kurtosis values, all variables are normally distributed. Referring to the temporal 26 

axis, the variables trend are highlighted in Figure 1.  27 
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 1 

Figure 1. Variable trends. 2 

Source: own study. 3 
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In addition, Tertiary education shows an average correlation with E-commerce sales,  1 

and Individuals using internet in case of relationship with public authorities, and a poor 2 

correlation with Fixed broadband coverage. The correlations between E-commerce sales and 3 

Fixed broadband coverage, and Individuals using internet in case of relationship with public 4 

authorities are poor (table 4). Fixed broadband coverage registers a poor correlation with 5 

Individuals using internet in case of relationship with public authorities.  6 

Table 4. 7 
Correlation matrix 8 

Variables Tertiary 

education 

E-commerce 

sales 

Fixed 

broadband 

coverage 

Individuals using internet in 

case of relationship with public 

authorities 

Tertiary education 1.000 0.417*** 0.199*** 0.615*** 

E-commerce sales 0.417*** 1.000   

Fixed broadband 

coverage 

0.199*** 0.223*** 1.000  

Individuals using 

internet in case of 

relationship with 

public authorities 

0.615*** 0.443*** 0.275*** 1.000 

* 10% significance; ** 5% significance; *** 1% significance. 9 

Source: own study. 10 

To identify the cross-sectional dependence between variables we performed the Pesaran 11 

cross-sectional dependence test (Im et al., 2003) (Table 5). According to the results, we rejected 12 

the null hypothesis, thus there is no cross-sectional dependence, i.e., not being registered  13 

a correlation between the variables. 14 

Table 5. 15 
Results from testing the cross-sectional dependence 16 

Test Statistic Prob. 

Breusch–Pagan LM 1287.372 0.0000 

Pesaran LM normal 29.967 0.0000 

Pesaran CD normal 15.164 0.0000 

Source: own study. 17 

In order to test the relationship of cointegration we used the Pedroni and Kao tests for 18 

cointegration and the results confirmed the presence of a cointegration relationship among our 19 

variables (Table 6). 20 

  21 
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Table 6. 1 
Cointegration test 2 

Pedroni cointegration test 

Test Statistic  Prob.  

Panel v statistic  -1.178 0.881  

Panel Rho statistic 3.357 0.999 

Panel PP statistic -5.753 0.000*** 

Panel ADF statistic -5.049 0.000*** 

Group Rho statistic 5.462 1.000 

Group PP statistic -18.208 0.000*** 

Group ADF statistic -8.989 0.000*** 

Kao cointegration test t-stat Prob.  

ADF  -1.192 0.117 * 

* 10% significance; ** 5% significance; *** 1% significance 3 

Source: own study. 4 

To test the variables stationarity was used unit-root tests, the results confirming all variables 5 

are stationary at level (Table 7). 6 

Table 7. 7 
Unit root tests 8 

Variables Levin, Lin & Chu Im, Pesaran & Shin 

W-Stat 

DF-Fisher Chi-

Square 

PP-Fisher Chi-

Square 

Statistic Prob. Statistic Prob. Statistic Prob. Statistic Prob. 

Tertiary 

education 

-35.722 0.000*** -0.790 0.215 66.084 0.338 99.874 0.002*** 

E-commerce 

sales 

-5.958 0.000*** 0.713 0.762 57.344 0.499 105.605 0.000*** 

Fixed 

broadband 

coverage 

-24.664 0.000*** 0.317 0.624 50.732 0.797 63.475 0.455 

Individuals 

using the 

internet for 

interaction 

with public 

authorities 

-19.471 0.000*** -2.259 0.012** 123.557 0.000*** 180.524 0.000*** 

* 10% significance; ** 5% significance; *** 1% significance 9 

Source: own study 10 

To test the causality the Granger causality test is employed, and the results indicate the role 11 

of Individuals using internet in case of interaction with public authorities on Tertiary education, 12 

but not vice versa. Thus, there is a unidirectional causality, flowing from Digital Public Services 13 

to high education, instead high education does not causes Digital Public Services (Table 8). 14 
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Table 8. 1 
Granger causality results 2 

Null hypothesis F-statistic Prob. 

Individuals using internet in case of relationship with public authorities does not 

Granger Cause Tertiary education 

2.301 0.103 

Tertiary education does not Granger Cause Individuals using internet in case of 

relationship with public authorities 

1.497 0.227 

Fixed broadband coverage does not Granger Cause Tertiary education 0.831 0.437 

Tertiary education does not Granger Cause Fixed broadband coverage 0.140 0.870 

E-commerce sales does not Granger Cause Tertiary education 1.252 0.289 

Tertiary education does not Granger Cause E-commerce sales 0.074 0.929 

Fixed broadband coverage does not Granger Cause Individuals using internet in 

case of relationship 

0.945 0.391 

Individuals using internet in case of relationship with public authorities does not 

Granger Cause Fixed broadband coverage 

0.679 0.509 

E-commerce sales does not Granger Cause Individuals using internet in case of 

relationship with public authorities 

0.632 0.533 

Individuals using internet in case of relationship with public authorities does not 

Granger Cause E-commerce sales 

0.607 0.546 

E-commerce sales does not Granger Cause Fixed broadband coverage 0.022 0.978 

Fixed broadband coverage does not Granger Cause E-commerce sales 0.020 0.980 

Source: own study. 3 

The panel analysis results are estimating the impact of the variables: Fixed broadband 4 

coverage, E-commerce sales, and Individuals using internet in case of relationship with public 5 

authorities on high education from a cross-sectional and longitudinal perspective. The static 6 

results using FE/RE estimations are obtained using the Hausman test (Table 9), indicating that 7 

the null hypothesis of REs is accepted, thus RE estimates are appropriate. 8 

Table 9. 9 
Hausman test 10 

Test summary Chi-Sq. Statistics Chi-Sq. d.f. Prob. 

Cross-section random 4.504 3 0.212 

Source: own study. 11 

Furthermore, for choose Fes or REs it was used also the Redundant Fixed Effects test  12 

(Table 10). These two tests can generate contradictory results and, in this case, it can be chosen 13 

OLS model. In our case, the Redundant FEs test confirmed the random effects is appropriate 14 

for our data (Table 11). 15 

Table 10. 16 
Redundant Fes Tests 17 

Test summary Chi-Sq. Statistics Chi-Sq. d.f. Prob. 

Cross-section F 89.216 29.197 0.000 

Cross-section Chi-square 609.164 29 0.000 

Source: own study. 18 
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Table 11. 1 
Cross-section REs test comparison 2 

Variables Fixed Random Var (Diff.) Prob. 

E-commerce sales 0.319 0.311 0.000 0.411 

Fixed broadband coverage 0.334 0.292 0.001 0.120 

Individuals using internet in case of 

relationship with public authorities 

0.092 0.103 0.000 0.066 

Source: own study. 3 

Static results (Table 12) indicate the relationship of digitalization with higher education.  4 

All the variables describing digitalization are positively associated with tertiary education, 5 

being statistically significant, confirming hypotheses 1-3. 6 

Table 12. 7 
Statistic panel results 8 

Variables Coefficients Std. Error t-Statistic Prob. 

E-commerce sales 0.311 0.039 7.879 0.000*** 

Fixed broadband coverage 0.292 0.076 3.845 0.000*** 

Individuals using internet in case of 

relationship with public authorities 

0.103 0.019 5.253 0.000*** 

Intercept -10.945 6.065 -1.571 0.118 

R2 0.445 

F-statistic 60.430 

Prob. (F-statistic) 0.000 

Model applicability Cross-section random 

No. of observations 230 

* 10% significance; ** 5% significance; *** 1% significance 9 

Source: own study 10 

Given that at the level of European countries, digitalizaton lead to a high education,  11 

the countries were clustered in this regard in 2013 and 2020 in order to identify if there are 12 

differences in those period of time. Thus, it resulted four clusters, both in 2013 and 2020  13 

(Figure 3). The cluster 1 indicates the highest performance regarding digitalization and higher 14 

education and cluster 4 the lowest. 15 

 16 
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      1 
2013       2020 2 

Figure 1. Resulted four clusters, both in 2013 and 2020. 3 

Source: own study. 4 

As it can be observed in Figure 3, In 2013 the four clusters are containing the following 5 

countries: 6 

 cluster 1: Austria, Belgium, Cyprus, Estonia, Germany, Greece, Ireland, Lithuania, 7 

Luxembourg, Portugal, Spain, and UK, 8 

 cluster 2: Bulgaria, Czechia, Hungary, Italy, Latvia, Malta, Poland, and Slovakia, 9 

 cluster 3: Denmark, Finland, France, Iceland, Norway, Slovenia, Netherlands,  10 

and Sweden, 11 

 cluster 4: Romania. 12 

In 2020 the four clusters are presented as follows: 13 

 cluster 1: Austria, Denmark, Estonia, Finland, Iceland, Latvia, Netherlands, Slovenia, 14 

Sweden, 15 

 cluster 2: Belgium, Croatia, Cyprus, Czechia, Germany, Hungary, Ireland, Lithuania, 16 

Luxembourg, Malta, Portugal, Slovakia, Spain, 17 

 cluster 3: Bulgaria, Italy, and Poland, 18 

 cluster 4: Romania. 19 

The clusters are different in 2020 comparing to 2013, confirming hypothesis 4. 20 

Both, in 2013 and 2020 the cluster with lowest performance is comprising Romania.  21 

Cluster 1, the one registering the highest performance is containing, both in 2013 and 2020, 22 

Austria and Estonia. Instead, Belgium, Cyprus, Germany, Greece, Ireland, Lithuania, 23 

Luxembourg, Portugal, Spain, and UK were situated in cluster 1 in 2013, but in 2020 were 24 

situated in cluster 2, obtaining a lower performance compared to 2013. There are also different 25 

situations. For example, Denmark, Finland, Iceland, Slovenia, Netherlands, and Sweden were 26 

situated in cluster 3 in 2013, and in 2020 reached in cluster 1, improving their performance.  27 
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5. Conclusion 1 

This study highlights the relationships between higher education and digitalization 2 

components in 31 European nations. In other words, this study shed light on multiple elements 3 

of innovation from several viewpoints that should be addressed in future higher education 4 

administration and development of digitalization capabilities and skills in academic profession. 5 

Higher education has a role in assisting a society that must adjust to digitalization and may be 6 

a beneficial addition to their productive high/hyper dynamic technology settings in the short, 7 

medium, and long term. First, the research demonstrates excellent levels of dependability with 8 

the Industry 4.0 dimensions through DESI calculation, as previously confirmed by studies 9 

(Caena, Redecker, 2019; Crawford et al., 2020; Grinberga Zalite, Zvirbule, 2020; Bullen et al., 10 

2011). 11 

However, in order to become a catalyst for change, higher education must also incorporate 12 

innovation into their future framework. Higher education will only be willing to work on 13 

digitalization competence if it perceives the framework as a beneficial guideline for 14 

professional innovation development. This has the potential to alter educational administration 15 

by promoting learning partnerships of innovation and digitalization inside and beyond 16 

educational environments. The manuscript aims to contribute to the academic world by 17 

evaluating the digitalization and differences in higher education institutions from 2013 to 2020. 18 

In doing so, the article includes 31 EU countries having similar education systems and 19 

international digitization processes. Furthermore, the study poses the following research 20 

question: How to comprehend the discrepancies in higher education digitization among  21 

EU countries? According to our research, the European countries evolved differently regarding 22 

digitalization and higher education across time. Especially, Austria, Belgium, Cyprus, Estonia, 23 

Germany, Greece, Ireland, Lithuania, Luxembourg, Portugal, Spain, and UK indicate the 24 

highest performance regarding digitalization and higher education. Crawford et al. (2020) 25 

(Caena, Redecker, 2019; Grinberga Zalite, Zvirbule, 2020; Bullen et al., 2011) and According 26 

to Márquez-Ramos (2021) digitalisation in higher education helps to bridge the divide between 27 

business and academia. Ronzhina et al. (2021) investigated digitalization of contemporary 28 

education and solutions to this gap, whereas Laufer et al. (2021) emphasized that leadership 29 

views are critical to closing this gap in digital higher education in EU member nations.  30 

Those researches support the current research hypothesis which prove that the European 31 

countries develop differently regarding digitalization and higher education across time. 32 

Furthermore, the model verifies three hypotheses of the three research questions given in 33 

relation to the suggested sub dimension of digitalization. The first question is:  34 

Does Use of Internet significantly influence higher education in EU countries? 35 
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It has been confirmed by encountered in DESI calculation that Use of Internet dimension 1 

that significantly influences higher education in current research. Therefore, the result is 2 

consistent with previous studies such as, Lynch et al. (2021) Billon et al. (2021) and Miranda 3 

et al. (2021) who claimed that Use of Internet dimension impacts higher education.  4 

The second hypothesis question is: 5 

Whether Integration of Digital Technology significantly influences higher education or not? 6 

Other recent research demonstrating the importance of digital technology confirm this 7 

conclusion. Digital technologies fundamentally affect learning and teaching in higher education 8 

settings, and the rate of technological development creates challenge (Nikou, Aavakare, 2021). 9 

Students may continue to give information, knowledge, inspiration, and motivation by 10 

integrating high-quality education with digital technology (Bell, Jones, 2015). Higher education 11 

institutions should develop an integrated system that supports ongoing and high-quality 12 

interactive learning, taking into account technology developments and programming.  13 

Because this integration may allow higher education to broaden its instructional goals and 14 

achievements (Bozkurt et al., 2021). In conclusion, we think that the setting of higher education, 15 

the development of a set of abilities through the integration of digital technology that supports 16 

efficient and effective use of it is critical to educational achievement and lifelong learning. 17 

According to the model's third hypothesis: 18 

The more educators/managers promote Digital Public Services, the greater the development 19 

in digital competence in higher education. 20 

In other words, we stated that Digital Public Services may have a direct positive influence 21 

on higher education; this discovery is in line with earlier findings from the current literature. 22 

Similarly, Kholiavko et al. (2021) demonstrated the need of recognizing the added value of 23 

using Digital Public Services from a pedagogical standpoint in order to boost effectiveness and 24 

motivation in higher education. It plays an increasingly essential function, position, and time 25 

period in the growth of each nation (Tri et al., 2021a). As a result, increasing awareness and 26 

refreshing higher education development ideas and training programs are necessary to rebuild 27 

higher education to meet labor market demands. 28 

In light of our findings, the digitization of higher education, we established a method for 29 

measuring the extent of university integration, taking into consideration internet use, digital 30 

technology integration and public digital services and applied it to higher education learning 31 

and teaching systems. There are various advantages to digitalization in education. One of these 32 

advantages is smart learning and teaching technology. Both play an essential role in the modern 33 

university system's integration into the global educational services market. Universities should 34 

aim to build their own unique technologies that, under the impact of different risk factors, can 35 

provide a continuous learning process for students anywhere in the world in order to boost their 36 

competitiveness in global markets. 37 
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Such other researches our study has also some limitations and suggestions for future 1 

research. We believe that there are important opportunities to learn from the digitalization 2 

developments of other universities in order to strengthen our adaptation to technology and the 3 

future as a collective. We suggest new studies on these opportunities are dynamic variables and 4 

how agile managers can see them earlier and adapt them to higher education. We provide the 5 

digital process of thirty-one countries undertaken in our discussion and evaluate the innovation 6 

of higher education in relation to digitalization. But this is limited to EU countries.  7 

We recommend that future studies include other countries and test the model. However, it will 8 

also be necessary to analyze this model in perspective of developed countries in different 9 

cultures.  10 
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