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Abstract

:

This paper studies what factors influence European citizens in their e-government adoption and use, and whether there are differences within the European Union. A binary logistic regression model has been used to determine the profile of e-government users. The article highlights especially the influence of digital skills, as an increasingly influential factor, and opens up new areas of research such as the uses of e-government depending on the population density or sociodemographic factors. Given a certain lack of e-government studies at a pan-European level, this article provides an empirical comparative analysis in the EU and provides insights into the factors influencing the behaviour of European e-citizens.
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1. Introduction


The introduction of information and communication technologies (ICTs) into government has significantly transformed the way public administrations interact with their citizens and has led to the development of a global phenomenon called electronic government or e-government. This is defined as the delivery of government information and services to citizens via the Internet or other digital means [1,2,3] and currently is a very relevant aspect of governance [4].



The e-government combines government use of ICTs with organisational change to improve its structures and functioning [5] and currently is getting a lot of interest in public administration studies [6]. This new electronic government involves technological changes but also new styles of leadership, new decision-making processes, different ways of organising and delivering services, and new concepts of citizenship [7].



A growing corpus of literature has been analysing the impact of ICTs on the public sector from multiple perspectives, as reflected in extensive bibliographical reviews and meta-analyses covering definitions, scope, methods and recommendations (e.g., [8]), citizen orientation and adoption [9,10], stage models [11], diffusion [12,13], and the quality of these services [14]. The literature is flourishing, but [15] point out in their meta-analysis of empirical e-government research that in the literature there is still a shortage of authoritative quantitative empirical approaches and the topic is still perceived as a young field of research.



The e-government is intended to offer new possibilities and advantages for various groups of stakeholders, such as government agencies (G2G), citizens (G2C), and business organisations (G2B), according to [16]. Digital interaction with citizens is a particularly complex challenge as population behaviour can vary over time [17]. Margetts and Dunleavy [18] introduced the concept of digital era governance and, proposing new challenges for public sector governance, among others, citizen-oriented government. Recently, trying to evaluate whether e-government performance boosts citizen use, [19] argued that the effect of national e-government performance may differ among various social groups, and suggested that the moderating effects of demographic and socio-economic variables should continue to be tested in future research. There is a need to adopt a social-contextual perspective. The citizen and the digital citizen’s capabilities matter.



In this context, our investigation considers the following research questions: What factors influence European citizens in their e-government adoption and use? What is the influence of digital skills in its adoption? We need to understand the impact of citizen behaviour and characteristics on e-government activities. In this sense, our contribution is mainly twofold: firstly, we develop the e-government literature through this empirical comparative analysis at the European level, increasing the understanding of the European e-citizen; secondly, we provide a theoretical contribution behind the behaviour of e-citizens in the EU, highlighting especially the influence of their digital skills, together with personal characteristics and the environment.



Furthermore, very little research delves into the spatial implications of the digital profile of European citizens, considering Europe in a comprehensive manner [20]. Comparing with other big geographies, such as Australia [21,22], Canada [23], and China [24], the shortage of studies at a pan-European level is more evident [19,25,26].



This study consists of five sections. After the introduction, Section 2 reviews the theoretical framework associated with our analysis of the e-citizen. Section 3 presents the empirical analysis and discussion concerning the behaviour of e-government users within Europe depending on their adoption levels. Finally, Section 4 and Section 5 contain a discussion about the findings, the conclusions reached in the document, the limitations, and the future avenues of research.




2. Literature Review


2.1. Conceptual Models for E-Government


In the literature, there was a significant growth in the number of papers using the term e-government around 2001 [8], when two relevant pieces of research were published: Layne and Lee [27] and Fountain [28]. Since then, a large number of mechanisms and indexes have been developed to measure and compare progress with e-government [11]. The early e-government literature adopted practitioner-led models largely based on Nolan’s stage growth model, hypothesising development from online information [29] and the literature is fertile in terms of models classifying e-government development into measurable stages [16,27,30,31].



In a meta-analysis, [11] reviewed and analysed twelve stage models found in the literature between 2000 and 2009. Accordingly, he defined the underlying approaches and concepts in order to identify the common frame of reference across the different models. The resulting common frame includes the stages, from a citizen perspective, consisting of interaction, transaction, participation, and involvement [11]; Janowski [32] considered that the concept evolves toward more complexity and greater contextualisation and specialisation. To this end, this author presented a four-stage evolution model comprising digitisation (technology in government), transformation (electronic government), engagement (electronic governance), and contextualisation (policy-driven electronic governance) stages. Looking for a unified view, Rana et al. [2] considered that e-government services can be broadly categorised as either informational (delivery of government information) or transactional (two-way transactions). Despite their uses, e-government maturity models acquired criticism from several researchers, as none of the models were universal. The success of e-governments should not be measured merely based on the sophistication of the technology used by the government, but instead should also consider whether or not the services offered are being used by the stakeholder [33].



With the increasing interest in the effective achievement of sustainable development goals, it is clearer that the current models do not suffice in its role in guiding the future development of e-government [34]. These authors consider, after a careful review of approximately fifty models, that, as a finite model assumes that there is an ultimate state, its use is not appropriate in the context of continuously evolving phenomena, such as e-government. In this regard, the new model becomes a reference model rather than a concrete finite state model.



Finally, despite that the word sustainability has been loosely used to define the efficiency that a government could achieve in e-government services [35], there is a growing interest in linking the effectiveness of e-government with environmental sustainability [36], and fertile research can be found for local governments [37,38]. Estevez and Janowski [39] also emphasised the role of electronic governance for sustainable development, proposing a conceptual framework. In any case, strong theoretical studies for environmental sustainability in electronic government are still required to produce more knowledge and theories that can be generalised and utilised in different research contexts [40].




2.2. Factors for Citizens’ Digital Adoption of E-Government


The literature offers helpful links between the theoretical corpus used to address the behavioural determinants associated with the adoption and use of e-government and the well-grounded theories about customer behaviour and user acceptance [41,42,43,44]. The technology acceptance model (TAM) has been subject to subsequent theoretical development [45], especially the unified theory of acceptance and use of technology (UTAUT). These theories have received substantial empirical support and, adopting this approach, significant research on e-government adoption has applied these models or combinations of them (e.g., [46,47,48,49,50,51]) to examine the factors influencing the speed of adoption of e-government systems or the reluctance of users to adopt them [2,52].



The behaviour associated with e-government services is influenced by socio-demographic characteristics, as reported in previous studies. In this sense, the extant literature provides evidence on the relationship between e-government adoption, demographics, and socio-economic variables such as age, education, income, employment status, marital status, or trust in government [53,54,55,56,57], but the results are not entirely conclusive. [58] recently investigated the impact of demographic factors on the adoption of e-government services. Their results indicate that gender was significant in moderating the positive impact of both perceived usefulness and perceived ease of use on the willingness to use e-government services. In this study, age and education, however, were not significant in moderating the impact of perceived usefulness and perceived ease of use on the adoption of e-government services.



According to Akman et al. [59], the use of e-government content and services is pervasive and closely linked to gender and education level. Age was found to be negatively correlated with intention to use e-government services among Jordanian citizens [60]. Szopiński and Staniewski [61] showed that there is a statistically significant relationship between the status of the respondent’s residence and the propensity to use particular forms of e-government. Unemployment was negatively and significantly related to general e-government use, suggesting unemployed respondents were less likely to use e-government features [19], although they were in need of government help (e.g., job training and matching).



The literature also indicates that a lack of broadband connectivity is also a limiting factor for using e-government [62,63]. Broad bandwidth and, in general, proper connectivity are critical for allowing the transmission of digital information at high bandwidths. In most rural areas, low population density and high deployment costs discourage private investments, creating a negative feedback of limited capacity, high prices, and low service demand [64]. Deploying connections in areas with low population density makes these rural areas high-cost markets with little opportunity to achieve economies of scale or obtain a return on investment [65], and makes difficult the usage of e-government. GDP per capita and ICT infrastructure are significantly associated with rising e-government maturity over time [66].



According to Bélanger and Carter [53], skills are an important determinant in the take-up of e-government, as one’s ability to effectively use the Internet has a significant impact on intentions to use e-government. It has furthermore corroborated in the literature [67,68]; Mensah and Mi [58] that computer self-efficiency has a direct impact on intention to use e-government services. Less research is found about the digital competences (Digital competences cover information management, collaboration, communication and sharing, creation of content and knowledge, ethics and responsibility, evaluation and problem solving, and technical operations related to ICTs ([69] for a systematic literature review.) of users, such as information navigation skills and mobile skills [70] or conditions that influence citizens’ perceptions, trust, and risk [71]. Citizens without the appropriate skills, for instance, limit their ability to use e-government for information retrieval [72]. Lindgren et al. [73] insist in the need for new research on the actors and skills that are central for digital public encounters, since there is a gap between the actual and potential usage of e-government skills [70]. As the citizen–government interaction models are becoming more complex in the digital world (from a mere search for information to more transactional and participatory models), we can foresee that digital competencies will have a greater weight in their adoption even compared to socioeconomic factors that affect the citizen.



Consequently, we hypothesised that the digital skills and the subsequent inequalities will have stronger and more significant impacts in more complex types of interactions. This evolution is about schematising in Figure 1.



Following [11], we propose a continuous evolution, not in phases, because as has been indicated, it would not properly include all the nuances of the e-government, as a continuously evolving phenomenon. In this continuum, as the complexity and interactivity of the electronic government system increases, digital skills become more relevant compared to other factors.





3. Methodology and Data


To carry out the study, we have worked with the data from the survey “EU survey on ITC usage in households and by individuals 2016” (Eurostat Model Questionnaire Version 3.1.), last wave available when closing this investigation. This survey is carried out on an annual basis.



The purpose is to study the users’ characteristics who used e-government in the three months prior to conducting this survey. For this reason, we work with those individuals who have used the Internet in the last three months. This group consists of 154,149 individuals.



A binary logistic regression model has been used to determine the profile of e-government users, since it allows us to explain or predict the characteristic of a dichotomous event based on a set of variables considered as influential [74].



One of the purposes is to establish whether the user profiles are different depending on the way they make use of e-government. The uses considered are the use of e-government to find information on the website, to download forms and to deliver completed forms. In this sense, three logistic regression models have been carried out, each with a different variable to be explained, namely the three different uses indicated above: information from the website, downloading forms, and delivering completed forms. This way we can observe the evolution to more complex models of interaction with digital public services, as established in the theoretical framework.



To perform the calculations for the three regression models, SPSS v.24 has been used. To perform these logistic regressions and prevent the size of the sample affecting the statistical significance of the variables, a 10% sample has been selected by means of simple random sampling, so 15,434 cases have been used. For the fraction of the sample with which we are working, as can be seen in Table 1, the most common use of electronic government is the search for information, with almost 59% compared to downloading forms and filing complex forms, with 34.3% and 34.6%, respectively.



The coding has been carried out by Eurostat and corresponds directly to the different uses of electronic government that have been established in the survey, where individuals had to mark whether they had used them. The data come from the survey question: “Did you contact or interact with public authorities or public services over the Internet for private purposes in the last 12 months for the following activities?”, giving the possibility of marking the three uses that they are studying (obtaining information from websites, downloading official forms, and submitting completed forms). The three dependent variables will take the value 1 if the individual has made use of e-government, and zero otherwise.



Among the multiple variables included in the survey, the variables that could explain the use of e-government are grouped into socio-demographic aspects, user digital skills, and type of Internet connection, to assess its preeminence as it has been hypothesised in the theoretical framework. The different explanatory variables and their forms are described in Table 2. In those variables where there are more than two categories, the reference category has been determined as the one with the least connection of e-government uses.



The distribution of the different variables in the sample fraction is shown in Table 3.



3.1. Results of the Estimation for the Use of E-Government to Obtain Information from Websites


In this case, the dependent variable in the logistic regression is the use of e-government for obtaining information from the websites of public bodies. A total of 50.8% of individuals in the sample fraction have declared that they have used electronic government to search for information on websites, compared to 49.2% who have not used it. It is a dichotomous variable that takes the value one if the individual has used this service in the three months prior to the survey date, and zero otherwise. We have worked with 15,227 valid cases with goodness of fit measures of 27.4% for Cox and Snell’s R-square, 36.6% for Nagelkerke’s R-square, and Hosmer and Lemeshow values of 0.289. With this model, it is possible to correctly classify 72.9% of the total number of cases, correctly classifying 82% of the users who use e-government to obtain information, and 62% of those who do not.



As can be seen in Table 4, the socio-demographic variables are significant except for the category of average density, unemployed, and secondary education.



Digital skills in communication are not statistically significant and this is also the case for the unemployed category.



In terms of population density, it should be noted that for individuals who live in regions of high population density, the probability of using e-government is almost 13% lower compared to those who live in low-population regions. However, moving from areas of low population density to those of average population density leads to the probability of using websites being 1.1 times higher.



In relation to age, for individuals over 65 years of age, the probability of using government websites to obtain information is 1.73 higher compared to those aged between 25 and 44 years. For higher education levels, the probability of this use of e-government is 1.7 times higher, values equivalent to the age increase indicated above.



Connecting to the Internet at home or outside the home also increases this probability, with the fact of connecting outside the home having a greater weight in the probability.



In terms of gender, being a woman is an influential variable regarding the search for information, but the probability for men is not very different.




3.2. Results of the Estimation for the Use of E-Government to Download Forms


The dependent variable in the logistic regression is the use of e-government to download forms. This variable takes the value one when the individual has used this service in the three months prior to the survey date, and zero otherwise. A total of 34.3% of the individuals in the sample fraction have downloaded official forms compared to 65.6% who stated that they have not made this use of electronic government. We have worked with 15,276 valid cases with goodness of fit measures of 22% for Cox and Snell’s R-square, 30.6% for Nagelkerke’s R-square, and Hosmer and Lemeshow values of 0.412. With this model, it is possible to correctly classify 73% of the total number of cases, correctly classifying 52.2% of the users who use e-government to download forms, and 83.6% of those who do not. The results are shown in Table 5.



As in the previous regression, the unemployed category remains statistically insignificant and the sex variable joins this, so being male or female does not influence the downloading of documents on government websites.



In terms of population density, as in the previous case, moving from a low to a high density level means that the probability is reduced by 16.4%, while moving from a low to a medium density does result in an increase in the probability, compared to the decrease seen for areas of greater density.



In regions with the greatest economic development, the probability of downloading forms is 1.6 times higher than compared to those that are less developed.



At higher levels of education, the probability of this use of e-government is doubled and it decreases by 40% for those under 25 years of age.



Connecting to the Internet at home and mobile broadband also increases the probability. The highest score is presented by accessing e-government using Internet broadband at home.




3.3. Results of the Estimation for the Use of E-Government for the Delivery of Completed Forms


The dependent variable in the logistic regression is the use of e-government to deliver completed forms. This variable takes the value one when the individual has used this service in the three months prior to the survey date, and zero otherwise. The percentage of citizens who submitted complete forms online is 33.6% in the fraction of the sample who declared that they have used electronic government to submit completed forms, compared to 66.4% who have not completed this procedure electronically. We have worked with 15,227 valid cases with goodness of fit measures of 19% for Cox and Snell’s R-square, 26% for Nagelkerke’s R-square, and Hosmer and Lemeshow values of 0.109. With this model, it is possible to correctly classify 72.7% of the total number of cases, correctly classifying 47% of the users who use e-government to download forms, and 86% of those who do not (Table 6).



In this case, the variables that are not statistically significant are sex, the average population density category, being unemployed, and having secondary education.



Having higher levels of education compared to primary school studies makes it 1.9 times more likely that people will deliver forms electronically.



Regarding Internet connections, both outside the main residence and inside it, the probability increases compared to not using these connections. Here, being connected to the Internet outside the home results in a probability 1.5 higher than that for delivering forms over the Internet among those who have not connected in this way.





4. Discussion


Comparing the results of the logistic regression carried out for each of the uses of e-government analysed, Table 7 shows both the effects it has on the probability of performing this use as well as the importance of the weights of each of the explanatory variables on the dependent variable. The variables included in these comparisons are those that are statistically significant in all or some of the categories considered.



When obtaining information from websites for e-government, individuals who have a superior skill level in the search for information are 16 times more likely to search government websites than those with a basic skill level or no skills at all. Those who have a superior level of problem solving skills are twice as likely to use government websites to search for information, while software skills make them 1.56 times more likely to do this. In terms of e-government to download forms, this use is higher if people have superior digital skill levels as opposed to having no skills or basic levels. In this case, the variable with the greatest influence compared to its corresponding reference category for downloading forms is to have a superior level of digital skills in the search for information, since those individuals who possess it are six times more likely to make this use than those who have no skills or a basic level. Continuing with digital skills, the rest of the probabilities increase as the skill level grows, so having a superior level of digital skills in software or problem solving means that the probability of downloading documents is practically twice as high as it is for those who do not have any skills or basic skills in this regard. Finally, obtaining a superior skill level in information triples the probability of delivering completed forms on government websites. When delivering completed forms, it is the variable with the greatest influence compared to having no skills or basic skills, while with problem solving the probability is doubled and for software skills it is multiplied by 1.7.



A ranking has been established for the weight of each explanatory variable in the increase in the probability of the different uses of e-government being studied. This weight is understood as those variables with more variability (distance) with respect to the reference category. That is to say, they lead to a greater increase in the probability with respect to the different uses of e-government. For those variables that have more than one category, only the one with the highest odd ratio EXP (B) has been selected.



The variable that leads to the greatest increase in the probability of carrying out the three uses is having a superior skill level in the search for information, but it can be seen that it becomes more complicated depending on the use, with the marginal value decreasing from 16.5 in the first regression to 3.08 in the third. The other digital skills also show high figures in the three uses of e- government, being among the top five except in the case of communication skills. In this sense, the problem solving skill exceeds the ability to use software for handling content in the search for information and in the delivery of completed forms, but it should be noted that, for the use of downloading forms, the increase in probability with respect to the reference category is very similar for the problem solving skill and the software skill, although the weight moves to fourth position.



For all uses, as the level of education increases, the probability of being a user of e-government increases. Having secondary education influences the use except when delivering completed documents. In the case of downloading documents, higher education levels double the probability of this use of the Internet compared to primary education. Education is one of the variables that are within the top five positions in the established ranking, being the fourth for the use of electronic government in information and for the download of documents and delivery of complete forms, reaches the second and third position, respectively. Age is another of the influential variables when it comes to using e-government. Individuals who are 65 years of age or older see their probabilities increased, compared to the reference category, for the respective uses by values that range from 1.4 times (download forms) to almost 1.8 times (search for information). For the use of searching for government information, this category occupies third place in the ranking of the weights of all variables. In the case of users under 25 years of age, the probabilities decrease by between 38% (delivery of forms) and 54% (downloading of forms). For the delivery of completed forms, age reaches fifth place in importance, and for the downloading of forms, it reaches sixth place. The results are consistent will previous studies, such as [75] that found that age along with gender and education were significant in influencing citizens’ intentions to adopt and use e-government services (in the United Kingdom).



Living in more developed regions similarly increases the use of e-government in all regions, although for the downloading of documents, it is within the five with the highest weight, but for the rest of the uses, it is positioned in sixth and seventh. The same happens with employment status, which has a similar increase in the three uses, moving to unremarkable places in the classification. Therefore, being an employee or self-employed leads to similar probability increases in the three uses and the unemployed category only influences the delivery of completed forms.



There are no significant differences in terms of the sex variable in relation to the use for forms, both downloading and delivering these, and only in the case of information search is this variable statistically significant, but with a low impact on the increase in probability and occupying values that are distant in terms of the importance of the weights of the variables.



The type of Internet connection of the users increases the probability of the three uses in a similar way, with connection outside the home generally occupying a higher position in terms of weights.



Regarding the population density where the habitual place of residence is found, the average density affects the search for information and the downloading of forms, but with a very low probability increase compared to low-density regions. This is the variable that for all uses occupies last place in the classification. However, for the delivery of completed forms, only high density has an influence. For all the uses of e-government, in the three cases analysed there is a reduction in probability for high-density regions, of between 28% (delivery of forms) and 13% (search for information on government websites). The low influence of population density is consistent with the fact that very low populated parts of the EU, such as Estonia and Scandinavia, are leading the process of digitalisation of public services. There are also opposite examples, such as the Netherlands. The results open a clear area of future research to delve into this question.




5. Conclusions


This research area undoubtedly was, and still is, timely and fascinating: it is a well-known fact that the way the public sector relates to citizens has undergone a drastic transformation since the 1980s with the arrival of information and communication technologies (ICTs), and especially since the late 1990s with the advent of the Internet. Quantitative empirical e-government research still reflects a growing, open-ended field that provides many opportunities for investigation [9,15].



The results highlight the importance of the four digital skills analysed in all types of e-government usage. Having performed previous e-government activities (simpler ones, such as obtaining information) is the most important factor. Our results are in line with other models on e-service adoption developed by [76], which stress the importance of learning and previous visits for further usage. E-government is becoming mandatory in many countries, as part of the transformation of public services, and citizens are thus forced to interact with the government using these applications [77,78,79], so the development of digital skills is increasingly important.



The study has highlighted the differences in behavioural patterns in Europe according to economic development. This leads to an interesting reflection: a degree of divergence in behaviour can be found at the EU level, conducting, therefore, inequalities among citizens. This fact may point to a certain digital divide within the EU as far as e-government services are concerned. There is a need to focus the attention of the EU authorities and policymakers to avoid the degree of economic development of the regions influencing the degree to which e-government services are used, resulting in inequalities between European citizens. Now in Europe, the beginning of the EU programming period 2021–2027 represents a good opportunity to delve into the territorial cohesion policies, and particularly in the field of digital public policies. If utilised properly, these digital tools can improve services to citizens, smooth administrative processes, and enhance democracy [80], avoiding any kind of digital divide.



Age, connectivity, and especially acquiring digital skills are all factors that have effects that vary from one use of e-government to another. It has been pointed out that senior citizens have received little attention in the e-government literature and that different generations of e-citizens behave in different ways [81], provoking a digital divide. This could be also related to an impairment in the cognitive, sensory, and motor functions of older people that may make IT use difficult and limit computer literacy (skills) in relation to digital services [82]. The increasing interest in e-government use by elderly people is a relevant finding, since little research has been done into the growing adoption of digital services by the senior market in Europe [83]. Our results confirm the changing trend: among senior citizens, there is a dynamic of change and a proactive attitude with respect to the use of e-government, recently observed [84,85]. Additionally, it seems that minor training has a positive effect on digital inclusion for elderly citizens and that the effects seem more or less permanent also from a longer perspective [82].



In the study of the digital divide, recent conceptualisations appear to be moving away from a traditional emphasis on the technological gap, and particularly, the connectivity gap ([86], for a systematic literature review). During the first decade of the twenty-first century, the preliminary understanding of the “digital divide” concept evolved to include users’ skills and usage gaps. All groups must be supported in their transition to the world or digital. The rhetoric of “digital natives”, far from being useful, is often a distraction to understanding the challenges in a networked world [87].



The e-government and digital divide research are intrinsically intertwined as e-government policies can be both impeded by and exacerbate the digital divide [70,88]. However, though many citizens have access to the Internet, this does not automatically mean a high uptake of e-government use. Our findings, similar to [70], indicate that instead of an access divide, a skills divide is much more relevant. Digital literacy appears to be the most critical factor for e-government uptake as a whole. As argued by [89], digital literacy policies seem to be really cost-effective initiatives for increasing the uptake of e-governmental services, taking into consideration not only their pervasiveness in all types of interactions. Educational programmes will be necessary [90], and taking a more decided citizen-centric approach is required to increase uptake of e-government [91], as these digital technologies create environments that affect the citizens using them [92].



Inequalities in digital skills will not automatically disappear in the future, even in countries with high Internet diffusion levels, unless clearly targeted interventions are implemented [93]. The results invite one to suggest to institutions and policy makers a greater effort to consider a sociodemographic perspective, adopt a target groups strategy (for example, promoting training, and support for elderly people and other digitally vulnerable groups, as suggested by [94]), or go further with the mere technological skills, for example, encouraging the practice of problem solving or critical thinking. It is recommended to enhance skills related to critical thought, skills in the cognitive and ethical areas, and also the productive skills to promote a critical approach to media production, sharing, and consumption [92,95,96]. On the other hand, the influence of population density, linking e-government to population concentration, is an interesting topic for further investigation.



Our study is one of the first to conduct a pan-European analysis using the most recent data, as this survey wave has recently become available, distancing itself from previous research mainly focused on certain countries or cities. It is an approach that enables us to have a comprehensive overview of the situation for the EU as a whole.



This exploratory work has several limitations, most of which arise from the survey design, incorporating a large number of dichotomous variables. The available data available are from 2016, which is in itself a limitation, because more recent data were not yet available that could give a more accurate and updated view. Work has not been done at the country level but rather in distinguishing less developed, in transition, and more developed regions, introducing the degree of development as one of the variables of the analysis. This may be a limitation of the study, if interest is focused on countries. Another limitation of our research is that we do not propose a specific model, but rather focus specifically on the particular aspect of the evolving role of digital skills, along with other socioeconomic factors. In any case, given the importance of interaction with public administrations in the digital context, which becomes mandatory in several countries, our findings add value in the dissemination of these services. The article also contributes to the academic literature on a question that is very important for EU policies: it opens up an approach that is more ambitious, from a geographical viewpoint, and links the question to regional development and population density, which is an original contribution that deserves to be investigated in future research.
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Figure 1. Growing importance of digital skills in complex models of adoption. Source: own elaboration. 
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Table 1. Distribution for use of e-government.
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Use of E-Government

	
If You Use

	
Does Not Use




	
Frequency

	
Percentage

	
Frequency

	
Percentage






	
Website information

	
7839

	
50.8%

	
7592

	
49.2%




	
Download forms

	
5300

	
34.3%

	
10,130

	
65.6%




	
Completed forms

	
5182

	
33.6%

	
10,249

	
66.4%








Source: own research using the “European Union survey on ICT usage in households and by individuals 2016”.
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Table 2. Explanatory variables and forms.
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Variables

	
Reference Category

	
Other Categories






	
Socio-demographic

	
Population density

	
Low density

	
Average density




	
High density




	
Development of the region

	
Less developed

	
In transition




	
More developed




	
Employment

	
Not in the labour force (students, retired, military service, etc.)

	
Employee or self-employed




	
Unemployed




	
Level of education

	
Primary

	
Secondary




	

	
Higher




	
Age

	
Between 25 and 44

	
<25 years




	
Between 45 and 64




	
65 years +




	
Gender

	
Male

	
Female




	
Digital skills (*)

	
Information

	
None or basic

	
Superior




	
Communication

	
None or basic

	
Superior




	
Problem solving

	
None or basic

	
Superior




	
Software skills for content manipulation

	
None or basic

	
Superior




	
Internet connection

	
Internet connection outside the home

	
No

	
Yes




	
Mobile broadband at home

	
No

	
Yes




	
Broadband Internet at home

	
No

	
Yes








(*) Defined following “European Union survey on ICT usage in households and by individuals 2016” https://ec.europa.eu/eurostat/web/digital-economy-and-society/data/database.
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Table 3. Distribution of socio-demographic variables by categories.
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Variables

	
Category

	
Frequency

	
Percentage






	
Age

	
<25 years

	
2125

	
13.80%




	
Between 25 and 44

	
5874

	
38.10%




	
Between 45 and 64

	
5945

	
38.40%




	
65 years +

	
1490

	
9.70%




	
Employment

	
Not in the labour force

	
4686

	
30.40%




	
Employee or self-employed

	
9622

	
62.40%




	
Unemployed

	
1121

	
7.30%




	
Level of education

	
Primary

	
2942

	
19.10%




	
Secondary

	
7420

	
48.20%




	
Higher

	
5023

	
32.60%




	
Development of the region

	
Less developed

	
5689

	
37.10%




	
In transition

	
1622

	
10.60%




	
More developed

	
8018

	
52.30%




	
Population density

	
Low density

	
4611

	
29.90%




	
Average density

	
4869

	
31.50%




	
High density

	
5954

	
38.60%




	
Gender

	
Male

	
7439

	
48.20%




	
Female

	
7995

	
51.80%








Source: own research using the “European Union survey on ICT usage in households and by individuals 2016”. Percentages referring to valid cases.
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Table 4. Results of the logistic regression for the search for information in e-government websites.
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Exp(B)

	
95% C.I. Para EXP(B)

	
p-Value




	
Inferior

	
Superior






	
Population density

	

	

	

	




	
Low density *

	

	

	

	
0.000




	
Average density (1)

	
1.100

	
1.002

	
1.208

	
0.044




	
High density (2)

	
0.875

	
0.795

	
0.964

	
0.007




	
Development of the region

	

	

	

	




	
Less developed *

	

	

	

	
0.000




	
In transition (1)

	
1.188

	
1.041

	
1.356

	
0.011




	
More developed (2)

	
1.359

	
1.251

	
1.477

	
0.000




	
Employment

	

	

	

	




	
Not in the labour force *

	

	

	

	
0.001




	
Employee or self-employed (1)

	
1.213

	
1.094

	
1.345

	
0.000




	
Unemployed (2)

	
1.144

	
0.969

	
1.350

	
0.112




	
Level of education

	

	

	

	




	
Primary *

	

	

	

	
0.000




	
Secondary (1)

	
1.146

	
1.029

	
1.276

	
0.013




	
Higher (2)

	
1.713

	
1.516

	
1.935

	
0.000




	
Age

	

	

	

	




	
Between 25 and 44 *

	

	

	

	
0.000




	
<25 years (1)

	
0.623

	
0.545

	
0.712

	
0.000




	
Between 45 and 64 years (2)

	
1.424

	
1.301

	
1.558

	
0.000




	
65 years + (3)

	
1.730

	
1.467

	
2.040

	
0.000




	
Gender

	

	

	

	




	
Man *

	

	

	

	




	
Woman (1)

	
1.088

	
1.008

	
1.174

	
0.029




	
Digital skills: Information

	

	

	

	




	
None or basic*

	

	

	

	




	
Superior (1)

	
16.525

	
13.846

	
19.722

	
0.000




	
Digital skills: Communication

	

	

	

	




	
None or basic *

	

	

	

	




	
Superior (1)

	
1.073

	
0.978

	
1.177

	
0.134




	
Digital skills: Problem solving

	

	

	

	




	
None or basic *

	

	

	

	




	
Superior (1)

	
1.951

	
1.782

	
2.136

	
0.000




	
Digital skills: Software

	

	

	

	




	
None or basic *

	

	

	

	




	
Superior (1)

	
1.564

	
1.435

	
1.705

	
0.000




	
Internet connection

	

	

	

	




	
Internet connection outside the home (yes)

	
1.293

	
1.179

	
1.418

	
0.000




	
Mobile broadband (yes)

	
1.140

	
1.053

	
1.233

	
0.001




	
Internet broadband at home (yes)

	
1.166

	
1.041

	
1.306

	
0.008




	
Constant

	
0.015

	

	

	
0.000




	
Number of cases

	
15.227

	

	

	




	
Cox and Snell’s pseudo R2

	
0.274

	

	

	




	
Nakelkerke’s pseudo R2

	
0.366

	

	

	




	
Cut-off point

	
0.5

	

	

	




	
% of cases correctly classified

	
72

	

	

	




	
Hosmer and Lemeshow test

	
0.289

	

	

	








* Reference category. Source: own research using the “European Union survey on ICT usage in households and by individuals 2016”.
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Table 5. Results of the logistic regression for the downloading of forms.






Table 5. Results of the logistic regression for the downloading of forms.





	

	
Exp(B)

	
95% C.I. Para EXP(B)

	
p Value




	
Lower

	
Superior






	
Population density

	

	

	

	




	
Low density *

	

	

	

	
0.000




	
Average density (1)

	
1.102

	
1.002

	
1.212

	
0.044




	
High density (2)

	
0.846

	
0.766

	
0.936

	
0.001




	
Development of the region

	

	

	

	




	
Less developed *

	

	

	

	
0.000




	
In transition (1)

	
1.377

	
1.202

	
1.577

	
0.000




	
More developed (2)

	
1.695

	
1.555

	
1.847

	
0.000




	
Employment

	

	

	

	




	
Not in the labour force *

	

	

	

	
0.015




	
Employee or self-employed (1)

	
1.168

	
1.047

	
1.302

	
0.005




	
Unemployed (2)

	
1.194

	
1.000

	
1.426

	
0.050




	
Level of education

	

	

	

	




	
Primary *

	

	

	

	
0.000




	
Secondary (1)

	
1.308

	
1.160

	
1.474

	
0.000




	
Higher (2)

	
2.168

	
1.906

	
2.466

	
0.000




	
Age

	

	

	

	




	
Between 25 and 44 *

	

	

	

	
0.000




	
<25 years (1)

	
0.609

	
0.528

	
0.702

	
0.000




	
Between 45 and 64 years (2)

	
1.315

	
1.202

	
1.438

	
0.000




	
65 years + (3)

	
1.414

	
1.192

	
1.676

	
0.000




	
Gender

	

	

	

	




	
Man *

	

	

	

	




	
Woman (1)

	
0.939

	
0.869

	
1.014

	
0.109




	
Digital skills: Information

	

	

	

	




	
None or basic *

	

	

	

	




	
Superior (1)

	
6.037

	
5.003

	
7.285

	
0.000




	
Digital skills: Communication

	

	

	

	




	
None or basic *

	

	

	

	




	
Superior (1)

	
1.303

	
1.183

	
1.435

	
0.000




	
Digital skills: Problem solving

	

	

	

	




	
None or basic *

	

	

	

	




	
Superior (1)

	
1.960

	
1.776

	
2.163

	
0.000




	
Digital skills: Software

	

	

	

	




	
None or basic *

	

	

	

	




	
Superior (1)

	
1.998

	
1.833

	
2.177

	
0.000




	
Internet connection

	

	

	

	




	
Internet connection outside the home (yes)

	
1.286

	
1.167

	
1.417

	
0.000




	
Mobile broadband (yes)

	
1.202

	
1.109

	
1.301

	
0.000




	
Internet broadband at home (yes)

	
1.343

	
1.189

	
1.518

	
0.000




	
Constant

	
0.009

	

	

	
0.000




	
Number of cases

	
15.276

	

	

	




	
Cox and Snell’s pseudo R2

	
0.221

	

	

	




	
Nakelkerke’s pseudo R2

	
0.306

	

	

	




	
Cut-off point

	
0.5

	

	

	




	
% of cases correctly classified

	
73

	

	

	




	
Hosmer and Lemeshow test

	
0.412

	

	

	








* Reference category. Source: own research using the “European Union survey on ICT usage in households and by individuals 2016”.
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Table 6. Results of the logistic regression for the delivery of completed forms.
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Exp(B)

	
95% C.I. for

	
p Value




	
Lower

	
Superior






	
Population density

	

	

	

	




	
Low density *

	

	

	

	
0.000




	
Average density (1)

	
0.968

	
0.882

	
1.063

	
0.499




	
High density (2)

	
0.722

	
0.654

	
0.798

	
0.000




	
Development of the region

	

	

	

	




	
Less developed *

	

	

	

	
0.000




	
In transition (1)

	
1.230

	
1.076

	
1.406

	
0.002




	
More developed (2)

	
1.411

	
1.296

	
1.535

	
0.000




	
Employment

	

	

	

	




	
Not in the labour force *

	

	

	

	
0.000




	
Employee or self-employed (1)

	
1.299

	
1.166

	
1.447

	
0.000




	
Unemployed (2)

	
1.162

	
0.974

	
1.386

	
0.095




	
Level of education

	

	

	

	




	
Primary*

	

	

	

	
0.000




	
Secondary (1)

	
1.118

	
0.994

	
1.257

	
0.062




	
Higher (2)

	
1.871

	
1.650

	
2.121

	
0.000




	
Age

	

	

	

	




	
Between 25 and 44 *

	

	

	

	
0.000




	
<25 years (1)

	
0.551

	
0.477

	
0.635

	
0.000




	
Between 45 and 64 years (2)

	
1.335

	
1.223

	
1.458

	
0.000




	
65 years + (3)

	
1.625

	
1.375

	
1.920

	
0.000




	
Gender

	

	

	

	




	
Man *

	

	

	

	




	
Woman (1)

	
0.971

	
0.900

	
1.048

	
0.455




	
Digital skills: Information

	

	

	

	




	
None or basic *

	

	

	

	




	
Superior (1)

	
3.083

	
2.647

	
3.591

	
0.000




	
Digital skills: Communication

	

	

	

	




	
None or basic *

	

	

	

	




	
Superior (1)

	
1.395

	
1.269

	
1.533

	
0.000




	
Digital skills: Problem solving

	

	

	

	




	
None or basic *

	

	

	

	




	
Superior (1)

	
2.147

	
1.946

	
2.368

	
0.000




	
Digital skills: Software

	

	

	

	




	
None or basic *

	

	

	

	




	
Superior (1)

	
1.710

	
1.570

	
1.862

	
0.000




	
Internet connection

	

	

	

	




	
Internet connection outside the home (yes)

	
1.474

	
1.340

	
1.623

	
0.000




	
Mobile broadband (yes)

	
1.084

	
1.002

	
1.173

	
0.044




	
Internet broadband at home (yes)

	
1.164

	
1.035

	
1.310

	
0.012




	
Constant

	
0.023

	

	

	
0.000




	
Number of cases

	
15277

	

	

	




	
Cox and Snell’s pseudo R2

	
0.188

	

	

	




	
Nakelkerke’s pseudo R2

	
0.261

	

	

	




	
Cut-off point

	
0.5

	

	

	




	
% of cases correctly classified

	
72.7

	

	

	




	
Hosmer and Lemeshow test

	
0.109

	

	

	








* Reference category. Source: own research using the “European Union survey on ICT usage in households and by individuals 2016”.
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Table 7. Comparison of the results of the logistic regression for each use of e-government.
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Website Information

	
Download Forms

	
Completed Forms




	
Exp(B)

	
Rank *

	
Exp(B)

	
Rank

	
Exp(B)

	
Rank






	
Population density

	

	

	

	

	

	




	
Low density *

	

	

	

	

	

	




	
Medium Density (1)

	
1.100

	
11th

	
1.102

	
11th

	

	




	
High density (2)

	
0.875

	

	
0.846

	

	
0.722

	
11th




	
Development of the region

	

	

	

	

	

	




	
Less developed *

	

	

	

	

	

	




	
In transition (1)

	
1.188

	

	
1.377

	

	
1.230

	




	
More developed (2)

	
1.359

	
6th

	
1.695

	
5th

	
1.411

	
7th




	
Employment

	

	

	

	

	

	




	
Not in the labour force *

	

	

	

	

	

	




	
Employee or self-employed (1)

	
1.213

	
8th

	
1.168

	
10th

	
1.299

	
8th




	
Unemployed (2)

	

	

	

	

	
1.162

	




	
Level of education

	

	

	

	

	

	




	
Primary *

	

	

	

	

	

	




	
Secondary (1)

	
1.146

	

	
1.308

	

	

	




	
Higher (2)

	
1.713

	
4th

	
2.168

	
2nd

	
1.871

	
3rd




	
Age

	

	

	

	

	

	




	
Between 25 and 44 *

	

	

	

	

	

	




	
<25 years (1)

	
0.623

	

	
0.609

	

	
0.551

	




	
Between 45 and 64 years (2)

	
1.424

	

	
1.315

	

	
1.335

	




	
65 years + (3)

	
1.730

	
3rd

	
1.414

	
6th

	
1.625

	
5th




	
Gender

	

	

	

	

	

	




	
Man *

	

	

	

	

	

	




	
Woman (1)

	
1.088

	

	

	

	

	




	
Digital skills: Information

	

	

	

	

	

	




	
None or basic *

	

	

	

	

	

	




	
Superior (1)

	
16.525

	
1st

	
6.037

	
1st

	
3.083

	
1st




	
Digital skills: Communication

	

	

	

	

	

	




	
None or basic *

	

	

	

	

	

	




	
Superior (1)

	

	

	
1.303

	

	
1.395

	




	
Digital skills: Problem solving

	

	

	

	

	

	




	
None or basic *

	

	

	

	

	

	




	
Superior (1)

	
1.951

	
2nd

	
1.960

	
4th

	
2.147

	
2nd




	
Digital skills: Software

	

	

	

	

	

	




	
None or basic *

	

	

	

	

	

	




	
Superior (1)

	
1.564

	
5th

	
1.998

	
3rd

	
1.710

	
4th




	
Internet connection

	

	

	

	

	

	




	
Internet connection outside the home (1)

	
1.293

	
7th

	
1.286

	
8th

	
1.474

	
6th




	
Mobile broadband (1)

	
1.140

	
10th

	
1.202

	
9th

	
1.084

	
10th




	
Broadband Internet at home (1)

	
1.166

	
9th

	
1.343

	
7th

	
1.164

	
9th








Notes: (blank) statistically insignificant. * For variables with several statistically significant categories, the variable with the highest odd ratio was taken. Order of the weights only for the categories of the variables with the highest odd ratio.
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