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Abstract

:

The phenomenon of digitisation of the public sector is an irreversible process that affects both the way public institutions are organised and the communication relationships between people and institutions. The COVID-19 pandemic represented a challenge and a strong impetus in accelerating the digitisation process of public administration at the global level such that it is currently difficult to make a clear distinction between governance and e-governance. The purpose of this research is to investigate the impact of the intensification of the digitisation process of public services in increasing the efficiency of governments at the level of the member states of the European Union, based on a cluster analysis. A robust least squares regression method was used to estimate the effects of the three dimensions of the e-government development index (EGDI) on government effectiveness. The results of the analysis highlighted the fact that the skills of the population in using online services determine the increase in a double percentage of government efficiency in intensively digitised states compared to states where the digitisation of public services is less developed. The development of the telecommunications infrastructure also has a significant positive impact on the efficiency of the government. However, online services offered by public authorities have proven to negatively influence government efficiency in both clusters.
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1. Introduction


The digitalisation phenomenon has rapidly changed the way people communicate, work, and live. The public sector at the level of each member state of the European Union is engaged in the modernisation and digital transformation of public services. Still, the results differ considerably from one country to another, so not all states have the ability to obtain the same level of development of e-governments. According to OECD [1], e-government refers to “the use of new information and communication technologies… by governments as applied to the full range of government functions”. The World Bank [2] adds that these new technologies “have the ability to transform relations with citizens, businesses, and other arms of government”, which indicates the importance of e-government development in our lives. E-government is known under many terms such as: “electronic government, also known as e-gov, digital government, online government” [3].



As these definitions show, e-government is about the digitalisation of public services and the efficiency of public administration is influenced by its development [4]. The high quality of the services offered to the citizens should be accompanied by a good infrastructure and well-equipped employees to provide digital services and manage any problems that might arise.



The role of e-government has been researched by many authors [5,6,7,8]. Adjei-Bamfo et al. [5] emphasise that implementing digital services in public administration leads to achieving the 12th sustainable development goal related to responsible consumption and production. The exact role played by e-gov in the sustainable development of a country is highlighted by Ullah et al. [6], who also referred to its importance, especially in a crisis, such as those generated by the COVID-19 pandemic. United Nations [7] also mentions that many public services in the last years (2020–2022) were offered digital technologies in order to avoid spreading the disease in the community.



The recent pandemic crisis has intensified the technological development of government services worldwide, forcing governments to rethink how they serve all segments of society. As digital governance intensifies, institutions and public administrations have been irreversibly transformed, on the one hand, from a structural point of view, and on the other hand, from the point of view of the relationship between governments and the people they serve.



The hypothesis from which we start in the scientific approach is that the development of digitalization has a positive impact on increasing governmental efficiency. Thus, the main aim of our research is to highlight the importance of e-government development to raise government administration effectiveness.



Our study follows the management science theory [9,10], also called the quantitative approach, because it helps managers to make decisions based on the results of an analysis, which uses statistics and optimization models. In this context, both efficiency and effectiveness are important in relation to management activity. Efficiency refers to a “successful input transformation into outputs” [11] or even “cost-effectiveness” [12], meanwhile effectiveness refers to the success and the usefulness of a result in relation to the intended objectives [12].



The novelty of our research consists in using a robust regression model to estimate the impact of the most significant three attributes of e-government: the availability and quality of online services, the evolution of the telecommunication infrastructure, and human capital skills on government effectiveness, based on cluster analysis.



The paper comprises the Introduction, followed by a Literature Review, the Materials and Methods section, Results and Discussion, and the Conclusions and References.




2. Literature Review


For the literature review, we conducted a complex search on Scopus and Google Scholar using keywords such as “e-government”, “government digitalisation”, “public services quality”, “telecommunication infrastructure”, and “human capital skills”, which cover the elements of the model we proposed. We also focused on mostly recent research, with half of the references used in our analysis having been published in the last years (2017–2022).



E-government reflects a new way of interacting with citizens and businesses [13]. Kamolov and Konstantinova [13] mention that e-government is the solution for the “modernisation and efficiency enhancement” of public administration. Nam [14] researched the relationship between e-government and the efficiency of government administration and found a significant influence of the former on the latter. Archmann and Iglesias [15] emphasise some of the benefits of using digitalisation in the public sector, including increased efficiency and innovation. The authors consider that this type of governance is more focused on the citizen, reduces bureaucracy, and has a “market-oriented approach” [15] (p. 30).



Twizeyimana and Andersson [16] analyse e-government through the citizens’ perspective, which is very important for the efficiency of this transformed way of providing public services. Suppose citizens are reluctant to the changes or are not adequately informed or educated to use all the opportunities provided by digitalisation in the public sector. In that case, the public administration’s effectiveness might suffer. The same perspective is analysed by Yıldırım and Bostancı [17] in Turkey, the authors showing that communicating the benefits of e-government to citizens through various channels (social media included) is necessary for having an efficient administration. E-governance development refers mainly to online public services, the telecommunication infrastructure, and human capital skills in using the services [18]. Each of these variables influences the success of providing efficient services to citizens.



Online services offered by the government and other public authorities should be available to all citizens and have high quality. Ancarani [19] (p. 6) refer to the qualities needed in online public services for them to satisfy citizens, and these are “transparency, efficiency, and effectiveness”. If these criteria are met, citizens will perceive the services as high quality. James [20] also shows how the government’s performance in public services provided online directly affects and positively affects the expectation of citizens and their compliance with using these types of services to the detriment of more traditional types. Sá et al. [21] emphasise the importance and the need to create a model to measure the quality of online public services compared to traditional services. Hu et al. [22] (p. 292) mention other essential characteristics for having quality services when paying taxes online, especially when they involve personal data from citizens: “security and convenience”, and “perceived usefulness”. The concept of the quality perceived by citizens is important because not all citizens have the same skills in using technology or access to the same infrastructure.



Asogwa [23] appreciates the numerous advantages brought by using public e-services on a large scale: high efficiency in the public administration, high transparency, less corruption, reduced expenses for the administration, a better relationship with citizens, and an increased connection. As the author states, these could be damaged by poor infrastructure. Broadband coverage and speed also influence the efficiency of public administration in collecting taxes [24]. Saxena [25] researched the use of online public services (using mobile devices) in India and identified several factors which can influence the extent of usage among citizens, technology being one of them.



The digital divide is an important challenge in offering online public services because some people have access to technology and the skills to access these e-services, meanwhile, others do not [26]. This gap creates inequalities [27], and the government should address this problem when providing services to the population. Because of the disparities regarding the telecommunication infrastructure, both traditional and digital services should exist to satisfy the needs of all citizens. Dahiya and Mathew [28] appreciate that e-governance efficiency depends on the IT infrastructure, thus highlighting the need for higher investments in this area. Zarei et al. [29] (p. 199) also emphasise the differences between developing and developed countries in terms of infrastructure, the authors appreciating that the e-government development is ensured primarily on the latter because of their high level of technological development and their more “mature” infrastructures.



Ebrahim and Irani [30] show that an undeveloped infrastructure is an essential barrier to efficient e-government. The digital divide affects citizens and local administrations in regions with poorer infrastructure. As Basu [31] (p. 109) states, the telecommunication infrastructure is the one that connects “government, citizens, and businesses”. The author highlights that e-government efficiency is more frequent in developed countries than in developing countries which might face legal and technical challenges.



As Wairiuko et al. [32] (p. 94) state, the technology infrastructure is one that ensures the possibility of developing e-governmental services and where human capital skills also have a “strong positive influence”. The authors studied employees in Kenya, not citizens, concluding that for increased adoption and efficiency of the public services offered online, the employees should receive adequate training and be stimulated.



Hodžić et al. [33] (p. 159) appreciate that the maturity of e-government “significantly contributes to enhancing government effectiveness and efficiency in the EU-28”. Alghamadi et al. [34] analyse both user access and human resource among other telecommunication factors that can influence the efficiency of government administration. Lee and Porumbescu [35] concluded that IT training helps raise e-government efficiency, especially for elders or people with disabilities, thus reducing the digital divide. Chohan and Hu [36] express a similar idea and consider that training focused on developing digital competencies raises public administration efficiency, helps reduce inequalities between people, and creates a more inclusive society.



Tomaszewicz [37] mentions the role played by digital literacy in providing efficient public e-services. The authors also emphasise that public administration employees and citizens using public services should have digital skills. Reddick and Anthopoulos [38] (p.398) state that people with a high level of digital literacy “are more likely to use new digital media” when it also comes to using public services.



The reluctance to change traditional ways of doing things and the level of acceptance among citizens regarding e-government might also influence the efficiency of government administration [39]. These might be related to aspects affecting the quality of the service (ease of use, the interface, and the security) and the infrastructure and skills needed for accessing e-services.



As many researchers showed, there are important benefits brought by e-government [13,14,15,17,23], but there are also significant challenges that should be addressed by public management to be both efficient and effective in providing services to the citizens in the community [40,41,42,43]. Kauma et al. [40] identified four main categories of challenges which might become opportunities if handled properly by the administration: “technological…, organizational…, financial…, and social”.



Ivić et al. [41] highlight that the digitalization of governmental services could ensure a higher quality of the services offered to the population if some prerequisites are met such as proper legislation, developed infrastructure, and trust from the citizen towards the public administration. As Hoffman and Cseh [43] point out, cybersecurity is another important challenge for e-government and public administration should correlate this with the issue of public trust. Thus, besides investments in infrastructure and solutions for protecting sensitive data, authorities should also implement a marketing strategy to raise the number of people using digital governmental services.




3. Materials and Methods


In order to answer the main objective, that of identifying and highlighting the impact that the development of e-government has on increasing the efficiency of the government administration, we carried out the research in two stages, sectioning our study into two parts: one stage refers to the formation of clusters subject to subsequent analysis, and the second involves identifying the identification of the impact that the digitisation of public services has on increasing the efficiency of governments.



We used the k-means algorithm for the cluster analysis, which involves an iterative refinement technique. The indicators we used to define clusters are up-to-date and representative of the studied field. The first indicator is represented by the E-Government Development Index (EGDI). This is a composite index used by the United Nations to evaluate the digital transformation of government administration [44]. EGDI is determined, in turn, based on three composite indices presented in Figure 1: the online service index (OSI), the telecommunication infrastructure index (TII), and the human capital index (HCI).



Each composite index is subject to a Z-score standardisation procedure to ensure comparable variance so that the EGDI will be the weighted average of the normalised scores of each component. The standard Z-score formula is:


   X s  =   x − μ   σ    



(1)




where x represents the raw score, μ represents the population mean, and σ represents the standard deviation.



The OSI is calculated based on a questionnaire with 148 questions with binary answers. Each country is given one point for each positive answer to the questions in the questionnaire. The total number of points is later normalised to a value between 0 and 1, according to the following calculation formula:


  O S  I X  =   O S  I X  − O S  I  m i n     O S  I  m a x   − O S  I  m i n      



(2)




where OSIX is the score for country X, OSImin is the lowest score of all the countries, and OSImax is the maximum score of all the countries.



The TII is determined as the arithmetic average of the following four indicators:




	-

	
number of internet users (IU) per 100 inhabitants who used the internet in the last three months;




	-

	
number of mobile service subscribers (MS) in the last three months per 100 inhabitants;




	-

	
number of fixed broadband subscriptions to the public internet (FBS) per 100 inhabitants;




	-

	
the number of active mobile broadband subscriptions to the public internet (AMBS).









A Z-score standardisation is applied to each of the four indicators. After the standardisation of the indicators, the TII composite value is calculated:


  T I I =  1 4  I U +  1 4  M S +  1 4  F B S +  1 4  A M B S  



(3)







After the standardisation, the TII composite value of a country is normalised using the following equation:


  T I  I X  =   T I  I X  − T I  I  m i n     T I  I  m a x   − T I  I  m i n      



(4)




where TIIX is the score of country X, TIImin is the lowest score of all the countries and TIImax is the maximum score of all the countries.



As for the last but very important component of the EGDI, the HCI is defined through the following indicators:




	-

	
people who can read and write (% of the population above 15 years) representing adult literacy (ALR);




	-

	
people enrolled in the primary, secondary or tertiary education level (% of school-age population) representing the gross enrolment ratio (GER);




	-

	
the expected years of schooling representing the number of years of education that a child of a certain age is expecting to receive (EYS);




	-

	
the average number of years completed in the education system by the adult population (above 25 years) (MYS).









The Z-score procedure is applied to each of the four indicators to derive the Z-score value and then to find the HCI composite value of a country using the equation:


  H C I =  1 3  A L R +  2 9  G E R +  2 9  E Y S +  2 9  M Y S  



(5)







The same normalising equation is used to determine the HCI composite value of a country:


  H C  I X  =   H C  I X  − H C  I  m i n     H C  I  m a x   − H C  I  m i n        



(6)




where HCIX is the score for country X, HCImin is the lowest score of all the countries, and HCImax is the maximum score of all the countries.



The adult literacy (ALR) component represents a greater proportion of the HCI assessment because knowing how to write and read represents the basis of educational training and the development of digital skills.



The second indicator used in forming clusters, as presented in Figure 2, the e-participation index (EPI), is determined based on a questionnaire [45] also consisting of questions with binary answers to questions that cover six sub-dimensions of digitisation in the public system.



The score obtained from the positive answers to the questionnaire questions is later normalised to obtain comparable results.


  E P  I X  =   E P  I X  − E P  I  m i n     E P  I  m a x   − E P  I  m i n      



(7)




where EPIX is the score for country X, EPImin is the lowest score of all the countries, and EPImax is the maximum score of all the countries.



In k-means cluster analysis, k represents the number of clusters we define when starting the algorithm. In our study, we chose two values for k: the minimum value and the maximum value of the EGDI for the year 2021. The algorithm involves alternating between two steps: the assignment step, in which each observation is assigned to the group with the closest mean, i.e., the one with the closest Euclidean distance small square [46], and the updating step, in which the averages (centroids) are recalculated for the observations assigned to each group. The algorithm converges when the assignments no longer change.



We will continue the econometric analysis in order to identify the impact that the digitisation of public services has on increasing the efficiency of governments by identifying the representative variables for each field based on the principle of availability and substance, as presented in Table 1.



The government’s effectiveness reflects the quality of public services by assessing the degree of independence of public decision-makers from political pressures, the quality of implemented public policies, and the government’s commitment to the proposed policies [47]. According to Worldwide Governance Indicators, this indicator for governance performance ranges from approximately −2.5 (weak) to 2.5 (strong).



The stationarity of the data series will be verified by applying the test proposed by Levin, Lin, and Chu (LLC) [48], whose null hypothesis implies the existence of a unit root, and alternatives confirm the stationarity of the data. The LLC test assumes that cross-sectional units are independent of each other [49]. A correlation matrix was used to detect some possible autocorrelations among the variables [50].



The robust least squares regression (ROBUSTLS) is used to overcome the possible influence of extreme observation in the datasets [51]. The model equation for the variables proposed above is:


GOVEFit = β1 + β2OSIit + β3HCIit + β4TIIit + εit



(8)




where



β1…6—the associated coefficients of the variables,



i—the cross-sections number,



t—the time period,



ε—the standard error of the regression.



The Granger pairwise causality test [52,53,54] is applied to identify the possible directions of causality between the dependent variable and the explanatory variables included in the model.




4. Results and Discussion


The intensification of the technological process, the development of the telecommunications infrastructure and the development of new public management strategies through the digitalisation of public services have led to significant progress in some countries regarding government efficiency.



Analysing the evolution of GOVEF in Figure 3, we observe that at the level of EU member states, Romania and Bulgaria register negative values for the indicator, especially during the periods of the economic crisis (2008) and pandemic crisis (2020). The blue area marks the level of government effectiveness in 2001 and the green area marks the level of government effectiveness in 2021 in the member states of the European Union. The intensity of the blue or green colour indicates higher government effectiveness, while the lightness of the colour indicates weaker government effectiveness. If the lack of trust in the government’s efficiency is perhaps justified in these states with a low level of development compared to the rest of the member states, we cannot say the same about states such as Italy, which has a low level of appreciation of the government’s efficiency.



The positioning of the former socialist states in Central and Eastern Europe in the lower part of the graph can be observed in the range of average-to-weak appreciation of government efficiency, and the developed states in Western Europe in the upper part of the range, showing a high degree of confidence awarded to the efficiency of government institutions and the public policies assumed and implemented by the government. Evaluating the capacity of public administrations to offer effective digital services to citizens and to use new technologies to their maximum potential is a complex process captured by competent institutions through the prism of several indicators. As we presented in the previous section, we proposed grouping the EU member states into two clusters, having, as starting centres in the cluster analysis, the minimum and maximum values of the EGDI indicator.



Of the top 15 countries that recorded the highest EGDI globally, six are high-income EU member states, Denmark (1st place in the world ranking), followed by Finland, Sweden, Estonia, the Netherlands, and Malta [44]. Malta recorded an increase in the three EGDI indices (OSI, TII, and HCI), the only EU country that entered the top 15 with the highest EGDI. Also worth noting are the significant developments in Sweden (a 10 percent increase in the OSI) and the Netherlands (a 4.4 percent increase in the TII).



Table 2 shows the values of the two indicators used in forming clusters. As we can see, the highest value of EDGI is registered in Denmark, representing the initial centre of cluster A, and the lowest value is found in Romania, representing the initial centre of cluster B.



The k-means clustering algorithm involves the alternation of two steps: first, it assigns each observation to the group with the closest average, and second, it recalculates the averages (centroids) for the observations assigned to each group. The algorithm has converged when the assignments no longer change. The algorithm is often presented as assigning objects to the nearest cluster based on distance. The results obtained after the cluster analysis performed in Excel led to the identification of the following two clusters (Figure 4):




	-

	
Cluster A was characterised by high values of the two indices of the digitisation of public services (EGDI and EPI) in which the following states are included: Austria, Denmark, Estonia, Finland, Malta, Netherlands, Slovenia, Spain, and Sweden. The nine European countries in cluster A are among the world leaders in e-government development and show the most homogeneous e-government development [44]. At the European level, Estonia’s progress in digitalising public services was noted, thus positioning itself at the top of the ranking along with the Scandinavian countries [55].




	-

	
Cluster B is characterised by low values of the two indices of the digitisation of public services, which include the following states: Belgium, Bulgaria, Croatia, Cyprus, Czechia, France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Poland, Portugal, Romania, and Slovakia. In contrast to the upward evolution of developed countries, we find Germany, which neglected the importance of e-government in ensuring efficient public services in an era of digitisation.









The results of the groups in the two clusters also support the grouping when considering the five categories made by the European Commission based on the indicator Overall assessment of digitalisation and service delivery, in which the leading countries are also Austria, Denmark, Estonia, Finland, the Netherlands and Sweden [55].



Figure 4 shows that in terms of connectivity (broadband), comparable levels have been reached in most countries of the European Union. Only five EU member states, namely Romania, Bulgaria, Italy, Hungary, and Croatia are below the 0.8 threshold for technological infrastructure appreciation, while Denmark, the Netherlands, and Sweden are leading in this regard. Differences in other dimensions also persist, with the levels of online services in the public sector being much more dispersed. Thus, if in Estonia, online public services are appreciated in a proportion of 100%, in countries such as the Czech Republic, Romania, and Belgium, they barely exceed the appreciation threshold of 65%.



From the graphic, it can be seen that for the HCI dimension, all member states exceed the 80% threshold in terms of the skills of human capital in using the digital services provided by public administrations. Sweden, Finland, Ireland, Belgium, Denmark, and the Netherlands are the first ranked in this dimension, while at the opposite pole are Slovakia, Hungary, Luxembourg, Bulgaria, and Romania.



This explains the division into two clusters due to the digital divide in Europe (Figure 5). The situation is determined by the fact that although e-government has enjoyed growth and development, not all citizens are willing to use such services [56,57]. Unlike e-commerce, where customers can be selected, in e-government, government agencies ensure access to the entire population, including people with lower incomes and disabilities [58].



The presentation of descriptive statistics is essential in the first place to verify the normal distribution of the data series expressed by the analysis of the skewness and kurtosis indicators and the probability associated with the Jarque-Bera normality test. A value of the skewness indicator equal to or close to zero indicates a symmetrical distribution of the data series, as is the case with the data series used in our analysis. The exception to this situation is the HCI variable of cluster A, in which the negative value of the indicator highlights an elongation to the left of the data series. Kurtosis also indicates a flat distribution for all data series due to the values lower than 3, except for HCI in cluster A, where the distribution of the series is curved. The null hypothesis of the Jarque-Bera test is that the series is normally distributed. We can reject the null hypothesis of a normal distribution for the variables GOVEF, OSI, and HCI in cluster A, and for HCI and TII in cluster B (Table 3).



Therefore, the series is normally distributed for only one variable in cluster A and two variables in cluster B. This situation leads us to use a robust regression analysis method.



In Figure 6, we find the dispersion of the explanatory variables relative to the dependent variable and the related histograms of the variables used in the model displayed on the axes. The red line represents the regression line orientation according to the evolution of the variables in the two clusters. We can also observe the absence of negative values associated with weak government efficiency in cluster A compared to the existence of these values at the cluster B level.



The values of the probabilities associated with the LLC unit root test statistics indicate in Table 4 the stationarity of the data series at first difference with individual intercept and individual trend, both for the variables used in cluster A and for those in cluster B. Checking the stationarity of the data series is an important process in our analysis because it tells us to what extent the data used are optimal for obtaining robust results.



In order to avoid problems imposed by the existence of some autocorrelations between the data series used in the analysis, we considered it necessary and opportune to create a correlation matrix for both clusters (Table 5). We identified positive and negative correlations between variables at the level of the two matrices related to the clusters.



Considering that there are no autocorrelations between the variables because there is not even a percentage close to 100% between any of the variables in either cluster A or B, we move on to the analysis of the regression equation (Table 6).



In the case of cluster A, which includes states with high values of EGDI and EPI, the results indicate the significant positive impact of HCI and TII on the increase in government efficiency. Thus, the increase is approximately 1 to 1 in the case of the Human Capital Index and GOVEF, expressing that with an increase in one unit in HCI, we will observe an increase in one unit of government efficiency. The same interpretation is valid for the telecommunication infrastructure index, the impact ratio being 1 to 1.2. In the case of this cluster, the OSI variable is not statistically significant.



The effects of telecommunications and infrastructure on government efficiency have also been identified in other studies, which have shown that the higher the level of telecommunications and infrastructure, the higher the efficiency of government [59]. Moreover, the use of e-government by the population instead of traditional government services is dependent on the effectiveness of using a computer [60] because the lack of practical experience in using technology creates an attitude of rejection towards public electronic services. The human capital variable was analysed from the perspective of influence on e-government, and a positive and significant relationship was identified with the level of efficiency in the provision of public services and other works, similar to our results [59,61]. There is also a study on the efficiency and maturity of e-government at the global level, which highlighted that human capital and the quality of governance did not have a significant effect on e-government maturity, only investments in ICT infrastructure [62].



The regression results for cluster B show, first of all, that the negative impact of OSI on GOVEF is, this time, statistically significant. These results contradict those obtained in other works [63], which identified a significant relationship between the impact of online services (OSI) and public efficiency but where the positive effects were greater in countries with a higher GDP. In our analysis, for cluster B countries, it seems that although online services (OSI) should simplify the management of public services, they do not lead to a reduction in production costs, most likely because they are not widely used, thus not generating an expected result which positively impacts the efficiency of public services. We can conclude that only countries with greater resources, in the sense of a higher GDP, can have the expected results of implementing online services, which is confirmed by other works [63,64,65].



The positive influences of HCI and TII on increasing government efficiency can also be observed. However, we can observe that the impact of HCI on government efficiency in cluster B is not of the same intensity as in the case of cluster A, due to the population’s lack of interest in developing skills in using online services. The lack of these skills and the use of online services can also justify the negative impact of OSI on government efficiency in the case of this cluster.




6. Conclusions


The digitalisation process of public services has been intensively developed in the last two decades but started to gain significant momentum in 2020 against the background of the pandemic crisis and the restrictions established worldwide regarding social distancing. Over 90% of EU member state governments were prompt and efficient in providing citizens with online information and platforms for information relating to testing against COVID-19, vaccination, telehealth services, and online education. Compared to the rest of the world’s states, the European Union has the most homogeneous e-government development [44].



The purpose of this research was to identify the impact that the development of digitalisation of the public system has on increasing the efficiency of public administration. In this sense, we used the three dimensions of the EGDI as the dependent variable of government effectiveness sic and explanatory variables, namely the online service index, the telecommunication infrastructure index, and the human capital index. The long-term estimates resulting from the application of robust least squares regressions showed significant positive influences from the development of the telecommunications infrastructure on similar governmental efficiency in the case of the two clusters. However, the human capital index has a positive impact with a double effect on the government efficiency intensity for more digitalised states compared to those where the digitalisation of public services is still in the development process.



The importance of the research carried out resides in the fact that the results obtained allow the identification of the significance of each of the three indicators (HCI, OSI, and TII) in ensuring government efficiency and in allowing the countries in each cluster to formulate targeted policies and the orientation and optimal allocation of resources to ensure efficiency.



In the case of cluster A, a significant positive impact of HCI and TII on the increase in government efficiency was found, while the OSI variable is not statistically significant. This means that the higher the level of telecommunications and infrastructure, the higher the efficiency of government and that the use of e-government by the population instead of traditional government services improves the effectiveness of government.



For cluster B, the regression results indicate the negative impact of OSI on GOVEF, this time statistically significant. It seems that online services, although they should simplify the management of public services, do not lead to a reduction in production costs, most likely because they are not widely used, thus not generating an expected positive impact effect on the efficiency of public services. We can conclude that only countries with greater resources, in the sense of higher GDPs, can have the expected results of implementing online services, which is confirmed by other works [63,64,65]. The positive influences of HCI and TII on increasing government efficiency can also be observed. However, we can observe that the impact of HCI on government efficiency is not of the same intensity as in the case of cluster A, due to the population’s lack of interest in developing skills in using online services. The lack of these skills and the use of online services can also justify the negative impact of OSI on government efficiency in the case of this cluster.



Local public administrations play a significant role in accelerating the digitalisation of public services from the bottom up, as they are considered within the sustainable development goals (SDGs) as true catalysts for change. Providing online services at the local level is essential in increasing government efficiency, as local authorities are the first points of contact with the population, providing the vast majority of public services.



The permanent updating and adaptation of government portals to the population’s needs can also represent a concrete way of improving government efficiency. In densely populated areas, the telecommunications infrastructure must be developed, and the government portals adapted to host as many users as possible.



During the pandemic, governments had the opportunity to demonstrate the effectiveness of e-government in ensuring social connections, supporting the business environment for the continuation of activities, and combating the spread of the pandemic, but not for all people equally. During this period, the digital gaps were intensified, especially among older people without the skills to access online services and those without access to these services. In order to reduce the digital gap between states and to ensure accessibility to the online services offered, governments must provide the vulnerable population with digital opportunities.
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Figure 1. E-Government Development Index (EGDI) structure is based on the United Nations methodology. 
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Figure 2. E-participation index (EPI) dimensions. 
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Figure 3. Government effectiveness evolution in the EU member states. 
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Figure 4. Evolution of EGDI dimensions in the European Union member states. 






Figure 4. Evolution of EGDI dimensions in the European Union member states.



[image: Electronics 12 00641 g004]







[image: Electronics 12 00641 g005 550] 





Figure 5. K-means clustering results. 






Figure 5. K-means clustering results.



[image: Electronics 12 00641 g005]







[image: Electronics 12 00641 g006 550] 





Figure 6. Histogram and dispersion of intercepts: (a) Cluster A and (b) Cluster B. 






Figure 6. Histogram and dispersion of intercepts: (a) Cluster A and (b) Cluster B.



[image: Electronics 12 00641 g006]







[image: Table] 





Table 1. Variables included in the analysis.
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	Indicator
	Type
	Acronym
	Time Period
	Source





	Government

Effectiveness
	Dependent variable
	GOVEF
	2001–2021
	The Worldwide Governance Indicators, 2022



	Online Service Index
	Independent variable
	OSI
	2001–2021
	United Nations E-Government Surveys



	Human Capital Index
	Independent variable
	HCI
	2001–2021
	United Nations E-Government Surveys



	Telecommunication Infrastructure Index
	Independent variable
	TII
	2001–2021
	United Nations E-Government Surveys
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Table 2. EGDI and EPI evolution.
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	Country
	EGDI
	EPI
	
	Country
	EGDI
	EPI





	Austria
	0.8801
	0.7727
	
	Italy
	0.8375
	0.7273



	Belgium
	0.8269
	0.4545
	
	Latvia
	0.8599
	0.7386



	Bulgaria
	0.7766
	0.7386
	
	Lithuania
	0.8745
	0.5455



	Croatia
	0.8106
	0.7386
	
	Luxembourg
	0.8675
	0.7500



	Cyprus
	0.8660
	0.7500
	
	Malta
	0.8943
	0.7614



	Czechia
	0.8088
	0.6023
	
	Netherlands
	0.9384
	0.9659



	Denmark
	0.9717
	0.8864
	
	Poland
	0.8437
	0.6477



	Estonia
	0.9393
	0.9773
	
	Portugal
	0.8273
	0.7273



	Finland
	0.9533
	0.9545
	
	Romania
	0.7619
	0.6250



	France
	0.8832
	0.7159
	
	Slovakia
	0.8008
	0.4659



	Germany
	0.8770
	0.7273
	
	Slovenia
	0.8781
	0.7500



	Greece
	0.8455
	0.6136
	
	Spain
	0.8842
	0.7500



	Hungary
	0.7827
	0.5114
	
	Sweden
	0.9410
	0.7273



	Ireland
	0.8567
	0.6818
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Table 3. Descriptive statistics of the variables.
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Cluster A

	

	
Cluster B




	

	
GOVEF

	
OSI

	
HCI

	
TII

	

	
GOVEF

	
OSI

	
HCI

	
TII






	
Mean

	
1.5256

	
0.7647

	
0.9328

	
0.7125

	

	
0.8740

	
0.6143

	
0.8982

	
0.5683




	
Median

	
1.65

	
0.7923

	
0.9467

	
0.7329

	

	
0.84

	
0.6136

	
0.9041

	
0.5745




	
Maximum

	
2.29

	
1

	
0.9933

	
0.9979

	

	
1.88

	
1

	
0.9931

	
0.9462




	
Minimum

	
0.78

	
0.3899

	
0.7310

	
0.3911

	

	
−0.37

	
0.1135

	
0.7736

	
0.1491




	
Std. Dev.

	
0.4543

	
0.1723

	
0.0523

	
0.1537

	

	
0.5447

	
0.1688

	
0.0563

	
0.1903




	
Skewness

	
−0.1091

	
−0.6214

	
−1.1983

	
−0.3220

	

	
−0.1204

	
−0.0573

	
−0.3954

	
−0.0656




	
Kurtosis

	
1.5216

	
2.3771

	
4.6350

	
2.2748

	

	
2.3431

	
2.4953

	
2.1993

	
2.0975




	
Jarque-Bera

	
9.2117

	
7.9723

	
34.7232

	
3.8806

	

	
4.0385

	
2.2092

	
10.4495

	
6.8613




	
Probability

	
0.0099

	
0.0185

	
0.0000

	
0.1436

	

	
0.1327

	
0.3313

	
0.0053

	
0.0323




	
Obs.

	
99

	
99

	
99

	
99

	

	
198

	
198

	
198

	
198
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Table 4. LLC unit root test results.
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Cluster A

	

	
Cluster B

	




	

	
Statistics

	
p-Value

	
Statistics

	
p-Value






	
GOVEF

	
−1.7789

	
0.0376

	
−8.1601

	
0.0000




	
OSI

	
−7.2386

	
0.0000

	
−13.1632

	
0.0000




	
HCI

	
−2.5672

	
0.0051

	
−2.9302

	
0.0017




	
TII

	
−10.5987

	
0.0000

	
−10.5100

	
0.0000
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Table 5. Correlation matrix.






Table 5. Correlation matrix.





	
Cluster A

	
Cluster B




	

	
GOVEF

	
OSI

	
HCI

	
TII

	

	
GOVEF

	
OSI

	
HCI

	
TII






	
GOVEF

	
1.0000

	

	

	

	
GOVEF

	
1.0000

	

	

	




	

	
-----

	

	

	

	

	
-----

	

	

	




	
OSI

	
0.2176

	
1.0000

	

	

	
OSI

	
0.2142

	
1.0000

	

	




	

	
0.0305

	
-----

	

	

	

	
0.0024

	
-----

	

	




	
HCI

	
0.5235

	
−0.1127

	
1.0000

	

	
HCI

	
0.2663

	
−0.2283

	
1.0000

	




	

	
0.0000

	
0.2667

	
-----

	

	

	
0.0001

	
0.0012

	
-----

	




	
TII

	
0.4038

	
0.6469

	
−0.0754

	
1.0000

	
TII

	
0.3740

	
0.6860

	
−0.3129

	
1.0000




	

	
0.0000

	
0.0000

	
0.4580

	
-----

	

	
0.0000

	
0.0000

	
0.0000

	
-----
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Table 6. Estimation results of ROBUSTLS regression.






Table 6. Estimation results of ROBUSTLS regression.





	
Method: Robust Least Squares






	
Dependent variable: GOVEF




	
Sample (adjusted): 2001 2021




	
Method: M-estimation




	
M settings: weight = Bisquare, tuning = 4.685, scale = MAD (median)




	
Huber Type I standard errors and covariance




	
Cluster A

	
Cluster B




	
Variable

	
Coefficient

	
Std. Error

	
z-Statistic

	
Prob.

	
Variable

	
Coefficient

	
Std. Error

	
z-Statistic

	
Prob.




	
OSI

	
−0.35732

	
0.319914

	
−1.11691

	
0.2640

	
OSI

	
−0.52121

	
0.297277

	
−1.75329

	
0.0796




	
HCI

	
1.018446

	
0.218246

	
4.666511

	
0.0000

	
HCI

	
0.500077

	
0.144948

	
3.450036

	
0.0006




	
TII

	
1.208674

	
0.360365

	
3.354027

	
0.0008

	
TII

	
1.351226

	
0.264221

	
5.113991

	
0.0000
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