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Abstract: The European Commission pays particular attention to the digital development of the economy and society. The Digital Economy 

and Society Index (DESI) has been an essential tool for measurement and monitoring since 2014. In 2021, the cardinal indicators of the 

DESI index were aligned with the 2030 Digital Compass targets, which have four key areas: digitally skilled population; secure and 

sustainable digital infrastructures; the digital transformation of businesses, and digitalisation of public services. In the present study, the 

authors examined the development of digital public services over the past five years, using σ-convergence to measure differences between the 

Member States and β-convergence to examine how countries could catch up. The individual indicators under the digital public service 

category have also been analysed to identify critical areas that need to be developed in the future for the digital public service to catch up 

with the leading Member States. The areas most needing improvement were user-centricity, transparency, and cyber security. 
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1. Introduction 

The competitiveness of the European economy depends on a 

knowledge-based economy and support for research and 

development (R&D). While the former is closely linked to human 

capital development and its qualitative improvement, R&D 

activities presuppose the integration and development of 

information and communication technology (ICT)[1]. Since the 

2000s, the European Union has given high priority to digital 

transformation: the Lisbon Strategy (2000), the Europe 2020 

Strategy (2010) and the 2030 Digital Compass (2021). The latter 

package of measures, which aims to achieve Europe's complete 

digital transformation by 2030, was also called for by Covid-19, 

which will radically change the way we live today from 2020. 

Europe's digital transformation was summarised in four points: 

digitally skilled population, secure and sustainable digital 

infrastructures, the digital transformation of businesses, and 

digitalisation of public services, based on OECD guidelines and 

recommendations [2]. Two major policy initiatives will shape the 

EU's digital transformation in the coming years: the Recovery and 

Resilience Facility (RRF) and Digital Decade Compass [3]. In 

order to achieve the objectives quickly and on schedule, the 

proposed governance framework is based on the enhanced Digital 

Economy and Society Index (DESI), which has been tracking 

Member States' digital progress since 2014, as digitisation can only 

be achieved within a coherent and coordinated strategy, for which 

continuous measurement and monitoring is an essential tool. [4,5]. 
Thanks to the two policy initiatives outlined above, from 2021 

onwards, DESI reports will have to include the digital reforms and 

investments made in the current year. 

The DESI index currently aggregates the scores of 33 individual 

indicators and ranks the EU Member States according to a 

weighting system measuring digital performance and monitoring 

their progress. The assessment published in a given year is based on 

the previous year's data, so it always shows the year's results 

already closed. Therefore, the DESI index assessments published 

between 2016 and 2021 reflect 2015-2020. The European 

Commission collects the data included in the index from the 

Member States' competent authorities and various studies carried 

out by the Commission.  

Adapting e-government measures is as challenging as it is 

beneficial. Its benefits include increased openness and transparency 

towards citizens and businesses and faster, more efficient and more 

accurate administration. However, there is a significant challenge in 

storing and using data securely and ensuring interoperability. 

During the first year of the pandemic, all EU governments have 

created or developed digital platforms within the framework of the 

RRF adopted by the European Council. 

Our study proposes determining whether the fourth core 

indicator of the DESI index (desi_4), which tracks the development 

of digital public services in the EU Member States over the period 

2016-2021, shows progress, convergence in performance, or 

convergence of Member States. We have focused on digital public 

services in Bulgaria, Hungary, and Romania to show the focus, 

gaps, and why.   

2. Materials and Methods 

The σ-convergence refers to the reduction of differences 

between regions over time, particularly between the Member States, 

while β-convergence focuses on identifying a possible catching-up 

process. 

The σ-convergence (relative standard deviation or coefficient of 

variation) is a coefficient of variation that allows the comparison of 

multitudes or samples with different averages and characteristics. In 

our case, we work with a model of DESI index values, period 2016–

2021. The coefficient of variation is the average relative deviation 

of the importance of the criteria from the mean, expressed as a 

percentage. If the dispersion of development levels decreases over 

time, we speak of σ-convergence. The calculation of relative 

dispersion is given by the formula: V% = σt/x̄ * 100, where σt is the 

standard deviation of the desi_4 indices at t time,  x̄ is the mean of 

the desi_4. 

Another well-known convergence indicator in the empirical 

growth literature is the β-convergence introduced by Barro – Sala-i-

Martin [6,7]. This growth indicator is based on the neoclassical 

growth theories of  Ramsey [8], Solow [9] and Koopmans [10]. 

Based on the hypothesis of absolute β-convergence, the following 

equation expresses the empirical relationship between growth per 

Member State and the initial level of development: 

 1/(T-t0-1)*ln(xiT/xit0) = α + β*ln(xit0) + εi , 

where 1/(T-t0-1)*ln(xiT/xit0) the average annual growth rate of the 

desi_4 index values for the i Member State; t0 the start year; T 

represent the end year; xit0 initial level of development of the desi_4 

index; εi the error term assumed to be identically and independent 

distributed; α and β  are the parameters to be estimated. In this 

expression, the initial level of development alone explains the rate 

of catching up. The strength of the effect is indicated by the sign 

and value of the β-coefficient. Univariate linear regression (OLS) 

was performed to estimate the α and β coefficients. However, the 

estimation would be fully explained and error-free only in the case 

of a perfect relationship (r = 1 or r = −1) and, therefore, εi is the 

error of the estimate. We use the least-squares procedure to 

minimise the squared error to estimate the coefficients α and β. We 

considered the β-coefficient to be significant only if the empirical 

significance level (p-value) was less than 5%. However, the concept 

of conditional convergence suggests that there is an excessive 

amount of unexplained information hidden in α and εi that needs to 

be extracted on a case-by-case basis. Still, in this case, we only 

tested absolute convergence. 
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After estimating the coefficient β, we can calculate the annual 

rate of convergence (constant progress rate): 

θ = -ln(1+β*(T-t0-1))/(T-t0-1),  
where β is the regression coefficient's value, T represents the end 
year, and t0 represents the start year.  

We used the R statistics software version 4.0.2 for our analyses 

[11]. 

3. Results

Desi_4, the digital public services dimension of the DESI index, 

tracks the progress of digitisation of public services in the EU 

Member States based on five individual indicators. In 2016, the 

desi_4 main indicator scores ranged from 8.5% to 68%, with most 

Member States in 50% to 60% (8 items) (Fig 1). The best 

performing Member States are Estonia, Malta, Denmark, Finland 

and SwedBy 2021, the dispersion of the main indicator values has 

decreased, with most Member States in the range of 60% to 80% 

(12 countries). Estonia is the only country to score above 90% for e-

government services, but Denmark, Finland, and Malta are top 

performers. The situation in Romania, which is below the 10% 

mark for digital public services, is very disappointing. Greece, 

although performing significantly better than Romania, is in second 

to last place (25.56%) compared to the other Member States. 

Unfortunately, there is no change at the bottom of the ranking, with 

Romania (21.48%) still far behind second-last place Greece (42%). 

Typically, the last third of the list comprises the countries that 

joined during the enlargement of Eastern Europe, except for Greece. 

Fig 1. Country rank by desi_4 index in 2021—additional information from 

2016 and the average rate of development. 

  Over the period 2016-2021, a slight convergence can be 

observed across the EU-27 Member States in the desi_4 main 

indicator. The data needed to perform the σ-convergence 

calculations are available in the DESI database [3]. The σ-

convergence was analysed in three units: first for the EU-27 as a 

whole, then for the EU-14 countries, and finally for the group of 

countries that joined the EU during the Eastern European 

enlargements (2004, 2007, and 2013). In all three units, there is a 

very slight convergence of Member States, with only the countries 

that joined the EU during the eastern enlargements showing a 

higher reduction in the dispersion of digital public services (Fig 2).  

Fig 2. σ-convergence of desi_4 main indicator between 2016-2021 

Over the period 2016 - 2021, EU Member States were 

characterised by β-convergence, i.e. a negative correlation between 

initial development levels and the average volume growth rate of 

desi_4 ((Table 1) and (Fig 3)). The linear relationship is strong (R2 

= 0,906), and the regression equation in the figure shows that the 

EU had a very high rate of β-convergence, i.e. the rate of narrowing 

of the development gap, averaging 6.46% per year. The regression 

coefficient can be considered significant as the p-value (2,3*10-14) 

is less than α (0,05). 

Table 1. OLS regression of desi_4 main indicator 

Obs. R2 Const. β θ t-stat. p-val.

27 0,9064 0,2883 -0,0552 6,46% -15,5599 2,3E-14 

Fig 3. β-Convergence of desi_4 main indicator 

The growth rate of the desi_4 main indicator was higher in 

countries with a lower initial value (e.g. Romania, Poland, Greece, 

Cyprus) and lower in countries with a higher initial value (e.g. 

Malta, Estonia, Denmark). The growth rate implies that countries 

that are less developed in terms of the desi_4 headline indicator are 

trying to catch up with the better performers. Romania is 

conspicuous by its lagging behind in digitising public services, 

being the worst performer for all individual indicators. Therefore, it 

is not surprising that it has the highest growth rate on average and 

also outperforms in terms of growth rate (+1.5%). 

4. Discussion

In March 2021, the European Parliament adopted the Digital 

Agenda 2030: A European way to achieve the Digital Decade, in 

which the Digital Agenda oversee the Decade policy. To achieve 

the EU-wide digital goals by 2030, it set the following end-goals for 

the digitisation of public services: 

1. 100% online delivery of key public services for EU citizens

and businesses;

2. 100% of EU citizens have access to their health records;

3. 80% of EU citizens use a digital identity solution.

Looking at the absolute values of the desi_4 main indicator, the

average rate of progress is very high, meaning that significant 

progress has been made in the digitisation of public services. 

Although progress is higher in the Eastern European and Balkan 

regions, they still do not influence the top ranking. Unfortunately, 

Bulgaria, Poland, Hungary and Romania have not significantly 

improved their positions, so the bottom of the list has not changed. 

The ranking of countries has not changed significantly based on the 

desi_4 core indicator. Some minor shifts were at the top, with 

Estonia maintaining its leading position and Luxembourg and 

Portugal slipping back into the middle. 

The desi_4 core indicator groups five individual indicators: e-

Government users, pre-filled forms, digital public services for 

citizens, digital public services for businesses and open data. 

Hungary scored above the EU average for e-Government services 

[12], as 70% of internet users have interacted with public 

administrations online in the past year. The figure is much lower 

(36%) in Bulgaria, while it is only 16% in Romania. Hungary 
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scores around the EU average for pre-filled forms, but Romania is 

far behind, scoring only 6 out of a possible 100 points. 

Digital public services to citizens, an indicator is measuring the 

extent to which information and services are available to citizens 

digitally and how it is possible to take action online when issuing 

official documents (birth of a child, marriage, death, registration of 

address, etc.). In the case of Hungary, since January 2018, citizens 

have been able to act online and, if they have an electronic identity 

card, virtually all essential public services are available to them 

online. Those who do not yet have a new type of ID card will have 

to visit a government office before taking their first action online, 

but after that, the procedure is entirely online. Romania's 

performance in this respect is also inferior. In 2020 a supervisory 

authority was established (Autoritatea pentru Digitalizarea 

Romaniei – ADR) to coordinate digitalisation processes [13] 

coherently. Subsequently, several digitisation projects have been 

launched, mostly with non-reimbursable EU funding, with results 

expected later in 2023-2030. Projects have been launched in the last 

two years in the following areas: an electronic payment system, 

identification of barriers to the take-up of digitisation processes, the 

development of an e-health system, and the development of a digital 

action programme for the next ten years. Bulgaria's performance in 

this respect (57/100) is slightly better than Hungary and Romania 

but still well below the EU average. 

Bulgaria's performance in providing digital public services to 

businesses (87/100) positions it towards the EU average (84/100), 

with a decisive role for the State e-Government Agency (SEGA), 

which is not only responsible for the overall project management of 

e-government reforms (solutions and resources) [14]. Since 2018,

all institutions in Bulgaria have been required to use the Electronic

Document Exchange platform, which contributes significantly to

faster and more efficient administration. Further measures are

planned for access to personal data, secure data storage and

retrieval, and shared cloud infrastructure for public authorities. For

businesses operating in Hungary, the use of the online system has

been mandatory since 2018, but it needs further improvements,

especially in terms of usability and user-friendly design. In

Romania, the system also ranks last (49/100) for digital services for

businesses, with serious shortcomings. The digital services system

is rudimentary unstable, with insufficient capacity, little need, and

low digital skills and motivation of public service ICT staff.

As an individual indicator, Open Access Data reflects the 

commitment of each government to 1) open data policies; 2) the 

impact of open data; 3) open data portals, and 4) the quality of open 

data. Bulgaria, Hungary and Romania are among the poorer 

performing countries in the area of open data. Their priority is to 

modernise their national portals and make them nationally 

accessible so that they are effectively capable of making data 

openly available. The quality of data publication is not yet a priority 

at this stage, nor is understanding the impact of open data. 

In 2020, Bulgaria and Romania started working on several 

initiatives based on blockchain technology, involving both the 

private and public sectors. In a striking example, both states have 

established a node to connect to the European Blockchain 

Infrastructure for Services (EBSI) network. The project was funded 

by the European Commission, Innovation and Networks Executive 

Agency, Department Connecting Europe Facility (CEF). The 

project aims to accelerate the deployment of blockchain technology 

and its applications to individuals, companies, institutions and 

public bodies. A further objective is a ready-to-use decentralised 

digital services and reusable design for the future development of 

the infrastructure, enabling a solid cross-border foundation and 

interoperable trans-European digital communication for public and 

the public administartion sector. Currently, three areas of use are 

targeted: European Self Sovereign Identity (ESSI), notarisation, and 

diplomas.  
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