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Abstract.1 

The paper aims at measuring the efficiency of the digital economy in EU countries. For that 
purpose, data envelopment analysis (DEA) is used. Sub-dimensions of the Digital Economy and 
Society Index (DESI) are used as inputs and the Sustainable Development Goals Index (SDGI) 
as an output. The results revealed that Bulgaria, Italy and Romania are the most efficient digital 
economies in  terms of human capital; Belgium, Bulgaria, Cyprus, Croatia, Estonia, Finland, 
Greece, Lithuania, Poland and Portugal in  terms of  connectivity; Bulgaria, Hungary and 
Romania in terms of integration of digital technology; and Romania in terms of digital public 
services. The result of tobit regression analysis showed that not all the indicators of the DESI 
dimensions positively influence the efficiency of the digital economy.
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1. 	 Introduction

The digital economy has become a widely examined topic as the whole world is now transitioning 
to  digital, especially in  COVID-19 times. According to  UNCTAD (2021), the  pandemic 
has spurred digitisation via continuing entertainment activities and switching them online. 
The importance of the digital economy has been indicated by one of the EU priorities, A Europe 
fit for the digital age (von der Leyen, 2019). The European Commission (2020a) established 
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three activities for implementing this priority, one of which is Shaping Europe’s digital future. 
It is being achieved through three pillars, one of which is a fair and competitive digital economy. 
Hence, its effi  ciency ought to be evaluated to make the digital economy competitive. The effi  ciency 
itself of the digital economy has not gained much attention, which is the core drawback and shows 
the gap in the scientifi c literature. Therefore, the current study aims at measuring the effi  ciency 
of the digital economy based on four Digital Economy and Society Index (DESI) dimensions 
(human capital, connectivity, integration of digital technology, and digital public services) 
as inputs, while the Sustainable Development Goals Index (SDGI) is the output. 

SDGI, as an output, is selected based on the United Nations (2021), stating that data 
use and progress in digital technologies can be helpful to achieve sustainability goals relating 
to poverty reduction, climate change, energy, environment and agriculture. The digital economy 
can contribute to sustainability in various ways. It is most clearly seen from an environmental 
perspective. The digital economy has great potential to ensure environmental sustainability (Ma 
et al., 2022). The internet encourages people to be informed about sources of environmental 
pollution and, thus, they could change their behaviour to be more environmentally friendly, 
for example, by using cleaner energy or reducing water waste. Particularly, Li et al. (2021), 
Ma et al. (2022) and L. Chen (2022) found that digitisation reduces CO2 emissions. Digitally 
enabled circular economy employing digital technologies in supermarkets could reduce food 
waste, thus contributing to corporate sustainability and social welfare (de Souza et al., 2021). 
On the other hand, the increased use of digital technologies simultaneously increases energy 
demand, which, in turn, has a negative impact on sustainability (Li et al., 2020). Another negative 
aspect could be seen in the new technologies, which could improve effi  ciency in parallel with 
deepening inequalities (United Nations, 2021). 

The digital economy is a factor in the economic development of a country. Elmassah and 
Hassanein (2022) explored the impact of digitisation on well-being and determined what ICT-
related elements infl uence life satisfaction. The use of ICT has been named as one of the critical 
factors representing economic performance and competitiveness globally (Mitrović, 2020). 
However, the use of ICT is not the only indicator of what the digital economy consists of. Hence, 
in the present study, a broader number of indicators represented by the DESI is used, which 
contributes to the existing knowledge through results obtained by more profound research.

It is worth mentioning that according to Ciocoiu (2011), a strong interrelation between 
the DESI and the SDGI exists. All three dimensions of sustainable development – economic, social 
and especially environmental – deserve special attention as components of the digital economy 
have both positive and negative impacts on sustainable development. From another point of view, 
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the digital economy is considered one of the factors that can help recover from the crisis (OECD, 
2009). Hence, it is vital to measure the effi  ciency of the digital economy of a country in order 
to develop strategies for its improvement. For that purpose, the DEA approach has been selected. 
Using the DEA method to assess effi  ciency, model inputs and outputs should be determined. DESI 
sub-dimensions were selected as inputs and the SDGI as an output. 

2. Theoretical Background

2.1 Literature review 

A digital economy is commonly perceived as an economy that uses digital technologies. 
The term “digital economy” was introduced in 1995 in Don Tapscott’s book (Tapscott, 1997). 
This concept has drawn substantial attention of decision-makers and the community. Still, 
this term has no unique defi nition (UNCTAD – United Nations Conference on Trade and 
Development, 2019). Nowadays, it is so strongly linked with the traditional economy that 
it is hard to determine the limit. Moreover, the COVID-19 pandemic stimulated countries 
to focus on digital governance, which enables the digital economy as a major driver 
of economic and social development. Lower-income countries can especially benefi t from 
digital technologies in the economy to move closer to the developed regions of the world 
(Tang et al., 2021). 

Effi  ciency is a topic that is analysed in various fi elds of research. The term effi  ciency can 
be perceived in diff erent ways: from the work output/energy input ratio to Pareto effi  ciency. 
Regardless of its infi nite implications, effi  ciency is often limited to some particular meaning 
in a certain discipline. Jollands (2006) analysed the effi  ciency concept in ecological economics. 
The effi  ciency of the circular economy has been analysed by Robaina et al. (2020), Sánchez-
Ortiz et al. (2020) and Lacko et al. (2021). Environmental effi  ciency in energy economics 
was investigated by Chen (2013). Other topics related to effi  ciency are production effi  ciency 
(Kolinski, 2017), management effi  ciency (Meng et al., 2018), education effi  ciency (Johnes 
et al., 2017), resource effi  ciency (Khan and Wang, 2019), etc. 

Some multi-dimensional processes and complex phenomena, such as sustainability, well-
being, competitiveness or education quality, are best revealed and assessed using composite indi-
cators (Rovan, 2011; Saisana, 2014). With this methodology, the interpretation of results is easier, 
and measurement units are compared in a more reliable way. Composite indicators are often used 
to evaluate the performance of countries, cities or regions. Sometimes, ready-made indicators can 
be used; in other cases, synthetic indicators may be developed for a particular purpose. 
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The creation of such indicators must follow a clear procedure (OECD, 2008). According 
to Moreira and Crespo (2017), composite indicators can be viewed as mathematical functions 
of a set of indicators. Saisana and Tarantola (2002) point out the advantages of composite 
indicators, such as their suitability to assess multi-dimensional issues, ease of interpretation 
and comparability across countries and time periods. However, there are also some drawbacks 
to this type of measurement: important elements can be missing, the ability to use an indicator 
depends on data availability and accuracy, irrational weighting and aggregation may distort 
results, and such indicators can lack practical application (Booysen, 2002). Moreover, 
the development of composite indicators is often related to uncertainty (Cherchye et al., 2007).

Composite indicators are widely applied in research. Synthetic indicators were used 
by Blancas et al. (2023) to measure tourism sustainability, Drago and Gatto (2022) used them 
to measure institutional transparency in the energy policy sector, Jin et al. (2021) applied such 
indicators to assess globalisation with regard to global environmental changes. Also, some 
innovative approaches in composite indicator application are found, such as the separation 
of the benchmark selection issue from effi  ciency measurement (Fusco, 2022) and the use 
of unsupervised machine learning techniques (Jiménez-Fernández et al., 2022). Along with 
that, Lo-Iacono-Ferreira et al. (2022) developed an interval of composite indicators instead 
of using one particular indicator value to assess the sustainability performance of cities. In our 
research, we will use existing composite indicators – the DESI and SDGI, as they quite well 
describe the related phenomena and there is no need to develop new ones at this moment. 

Now it is worth presenting the instruments intended to measure digital economy and 
sustainability. The digital economy is most often measured using the Digital Density Index, 
the Digital Economy and Society Index, and the Digital Society Index (Osmanbegovic and 
Piric, 2019). The Digital Economic Index was calculated by Pan et al. (2022). The measurement 
of development levels of the digital economy in China’s provinces was performed using 
the index system, factor analysis and network analysis methods (Tang et al., 2021). Zhu and 
Chen (2022) analysed the link between the digital economy and urban development using spatial 
autocorrelation methods. Of all the mentioned indices, the Digital Economy and Society Index 
can be perceived as the most comprehensive and suitable to assess the digital economy. It has also 
been used to estimate the digital policy performance of European countries (Liu, 2022). Since 
its development in 2014, the DESI has had fi ve sub-dimensions: connectivity, human capital, 
use of internet services, integration of digital technology, and digital public services. In 2021, 
the DESI was re-structured around four dimensions: connectivity, human capital, integration 
of digital technology, and digital public services. The index was also analysed by Rakicevic 
et al. (2019), Stavytskyy et al. (2019), Bánhidi et al. (2020) and Başol and Yalçın (2021).
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In terms of the origin of the SDGI, it began in 2015, when the 2030 Agenda for Sustainable 
Development was adopted by all member states of the United Nations (UN) with the aim 
of accomplishing it through the implementation of 17 Sustainable Development Goals (SDG 17) 
which consist of 169 targets and 230 indicators to progress (United Nations, n.d.; Sustainable 
Development Solutions Network, 2022). To unify a large and complex measurement and 
monitoring framework, Bertelsmann Stiftung and Sustainable Development Solutions Network 
(SDSN) compiled the SDG Index as a benchmark of the performance of SDG17 countries 
(Diaz-Sarachaga et al., 2018; Sustainable Development Solutions Network, 2022). 

The data cover 80% of the 149 UN member states with a national population greater than 
1 million. Each indicator is normalised on a scale of 1 to 100 and represents absolute country 
performance and distance to achieving sustainable development (Sachs et al., 2017; Lafortune 
et al., 2018).

2.2  DESI index

As the DESI is a multi-dimensional index, it is worth presenting its decomposition in detail. 
Since its development in 2014, the DESI has had fi ve sub-dimensions: connectivity, human 
capital, use of internet services, integration of digital technology, and digital public services. 
In 2021, the DESI was re-structured around four dimensions: connectivity, human capital, 
integration of digital technology, and digital public services. 

The relevance of the DESI and its four dimensions is based on the DESI description 
across thematic chapters (European Commission, 2021). The human capital dimension covers 
internet user skills and advanced digital skills. Assessing these skills is necessary, as van Laar 
et al. (2017) state that digital skills are irreplaceable elements of 21st-century skills. People 
aiming to participate in the knowledge-based workforce should fully exploit ICT. This human 
capital dimension also partly refl ects the dropped DESI sub-dimension – the use of internet 
services. Moreover, human capital aims to assess the percentage of ICT specialists, paying 
particular attention to women in this fi eld. Yeganehfar et al. (2018) state that the gender gap 
in the professional labour force still exists even though considerable eff ort has been made 
to promote women’s empowerment. Thus, the level of such indicators discloses women’s 
participation in technical fi elds and, in turn, the success of the respective education and 
qualifi cation-raising policies. 

The connectivity dimension covers fi xed broadband take-up and coverage, mobile broad- 
band and broadband prices, 4G coverage and 5G readiness and coverage. Broadband is 
essential for economic development and the welfare of society. However, broadband coverage 
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can diff er across countries as well as across rural and urban areas. The fi xed broadband gap is 
sometimes replaced with mobile broadband (Prieger, 2013); therefore, indicators of both types 
are important. 4G and 5G coverage represent the quality of internet service, while the price 
refl ects its accessibility. 

Integration of the digital technology dimension measures digital intensity, digital techno-
logies for business, and e-commerce. The elements of this dimension are mainly related to digi- 
tal indicators of enterprises. The usage of technologies based on artifi cial intelligence (AI) is 
analysed. AI is an important element of enterprises’ digital transformation, enabling companies 
to provide more effi  cient services (Calp, 2020). Thus, the positive impact of digital services 
on the economy is noticed, which is worth measuring using the DESI. Cloud computing 
services and applications and big data analysis in companies are also estimated in the frame 
of this dimension. Cloud computing covers the hosting of the enterprise’s databases, accounting 
software applications, CRM software and computing power. Cloud computing benefi ts cloud 
service providers and users (Alouffi   et al., 2021). For this reason, it has been increasingly 
studied and applied recently. 

Digital public services are related to e-government opportunities and evaluate digital public 
services for citizens and businesses. Services for citizens mainly cover social assistance. At the same 
time, services for businesses concentrate on starting a new business and conducting regular 
business activities. This dimension also measures the open data policy application in countries and 
its impact. However, the latter element strongly depends on government regulation. Government 
data policy can aff ect companies’ productivity because most businesses rely on electronic data 
in their production or service-providing processes (Ferracane et al., 2020).

3.  Methodology

Data envelopment analysis (DEA) was selected in order to measure the effi  ciency of the digital 
economy. DEA is a linear programming technique for evaluating the effi  ciency of units called 
decision-making units (DMUs) (Ji and Lee, 2010). DEA is widely used in diff erent research 
areas. For example, there are many studies employing DEA for bank effi  ciency and performance 
measurement (Kamel et al., 2022; Owusu Kwateng et al., 2019; Titko et al., 2014). It is worth 
mentioning that using DEA for bank effi  ciency evaluation is one of the most widely used 
DEA applications. Still, there are scientists using DEA for other goals. For instance, some 
scientists investigate energy effi  ciency, savings and consumption optimisation using DEA 
(Karadaş and Külekçi, 2020; Rakshit and Mandal, 2020; Villa et al., 2021). Other scholars 
employ the approach for sustainability measurement (Ait Sidhoum et al., 2019; Keshavarz and 
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Toloo, 2020; Yousefi  et al., 2022). Stankova and Hampel (2019) used this method in fi nance 
for bankruptcy prediction, Zhou et al. (2016) constructed an environmental performance index 
with the help of DEA, and Amalnick and Zadeh (2017) conducted a performance assessment 
of customer relationship management combining DEA and other methods.

Nonetheless, there are only a few articles investigating the digital economy using the DEA
technique. For instance, Mitrović (2020) analyses the dynamics and the achieved level of digital 
economy development in the European Union, Central and Eastern Europe and Western Balkan 
countries. However, the author uses a limited number of inputs, which are all connected to ICT, 
which, in turn, does not cover the whole digital economy. In other words, it is believed that 
the digital economy could be measured through a greater number of inputs; hence, the current 
research is conducted in order to cover that issue. Actually, due to a limited number of articles, 
it could be stated that the DEA application in digital economy effi  ciency assessment is 
underestimated. In the digital economy, DEA would help distinguish the most effi  cient digital 
economies, which would help set a relative benchmark that could be used as a frontier for less 
effi  cient digital economies to improve. 

In order to perform a DEA, it is vital to select inputs and outputs, which is a signifi cant step 
that is conducted before the DEA application (Peyrache et al., 2020). In the current research, 
the input factors are selected based on the DESI sub-dimensions, as this is a methodology that 
measures the progress of the digital economy and society. The output is represented by the SDGI. 
The SDGI was chosen as an output, as there are authors claiming that there is a linkage between 
the digital economy and sustainability. For example, X. Chen et al. (2022) state that the digital 
economy is a driving force in sustainable development. Nesterenko et al. (2020) argue that digital 
economy technologies increase sustainability. Pan et al. (2022) claim that the digital economy acts 
as an innovation driver for extensive sustainable development. Hence, the selection of the SDGI 
as an output is supported by the literature; however, the interface between these two phenomena 
(digital economy expressed by the DESI and sustainable development expressed by the SDGI) has 
not received signifi cant attention from scholars, which shows the novelty of the present research. 

The core concept of DEA is estimating the effi  ciency score, which is calculated as a ratio 
of outputs to inputs (Charnes et al., 1978). It is worth noting that for obtaining the results, 
the input-oriented basic (radial) model with a constant-returns-to-scale (CRS) DEA approach 
was used. The linear programming problem that ought to be solved under CRS involves 
a measure of return to scales on the variable axis ck, to the country k (see Equations (1)–(3)) 
(Huguenin, 2012).
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Where: yrk is quantity of the output r produced by the country k, xik is quantity of the input i covered 
by the country k, ur is the weights of the output r, νi is the weights of the input i, n is the number 
of countries to be evaluated, s is the number of outputs, and m is the number of inputs.

It is worth mentioning that the DEA model allows for weights to be allocated to inputs 
and outputs, which are established by maximising the ratio of the weighted sum of outputs 
to the weighted sum of inputs (Yu et al., 2021).

Moreover, the DEA approach has three main limitations (drawbacks), which are as follows 
(Omrani et al., 2021):

i. it does not consider decision makers’ preferences in the evaluation process;
ii. DMUs in this model are fl exible in weighting the criteria to reach the maximum possible 

effi  ciency; and
iii. it ignores the uncertainty in data.

Despite the limitations, DEA is a powerful approach for technical effi  ciency measurement. 
A linear programming problem could be solved using two diff erent approaches, i.e., input-
oriented and output-oriented. For the current research, the input-oriented approach was 
employed. The primal equations are provided below (see Equations (4)–(6)):

1

Maximise 
s

r rk
r

u y

  (4)

s.t. 
1 1

0, 1, ,  
m s

i ij r rj
i r

x u y j n
 

      (5)

1

1
m

i ik
i

x


  (6)

As alluded to above, DESI sub-dimensions are used as inputs, and the SDGI values 
as output. All in all, four procedures are completed, i.e., the effi  ciency of every dimension 
in terms of the SDGI is calculated.
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After the effi  ciency is calculated, regression modelling is employed in order to fi nd out 
which subdimension has a signifi cant infl uence on the SDGI. Since the DEA effi  ciency values 
are truncated, the ordinary least squares method (OLS), for instance, will lead to estimation bias; 
hence, in order to solve this problem, the censored tobit regression modelling has been employed. 
The model uses the maximum likelihood estimation method when estimating the regression 
coeffi  cients, which helps make the estimation of model parameters unbiased (X. Chen and Wang, 
2022). Still, the tobit regression, like other methods, has limitations. As DEA effi  ciency estimates 
are serially correlated, this could aff ect the results of the tobit regression (Simar and Wilson, 
2007). On the other hand, Wang and Wang (2022) claim that the tobit model has strong robustness 
and feasibility. Hence, it was decided to employ tobit regression in order to investigate the impact 
of DESI sub-indicators on the effi  ciency of the digital economy of the EU.

The tobit econometric model describing the impact of DESI sub-dimensions on the 
effi  ciency of the digital economy is provided below.

*Yi


 


 
α + βXi + ϵ, Yi

* > 0
0, Yi

*  0  (7)

All in all, four equations will be developed within each dimension. The dependent 
variable in all the models is the effi  ciency of the digital economy within the specifi c dimension; 
the independent variables are as follows:

 Model 1:
 X1 – Internet user skills
 X2 – Advanced skills and development

 Model 2: 
 X3 – Fixed broadband take-up
 X4 – Fixed broadband coverage
 X5 – Mobile broadband
 X6 – Broadband price index

 Model 3:

 X7 – Digital intensity
 X8 – Digital technologies for businesses
 X9 – e-commerce

 Model 4:
 X10 – e-government.
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4.  Empirical Findings

Human capital is the fi rst DESI dimension that was investigated. The following human capital 
sub-dimensions have been employed: internet user skills and advanced skills and development. 
The results are presented in Table 1.

Table 1: Digital economy efficiency in terms of DESI dimension human capital 

DMU name Efficiency score Efficiency DMU name Efficiency score Efficiency

Austria 65.05% Inefficient Italy 100.00% Efficient

Belgium 74.14% Inefficient Latvia 93.46% Inefficient

Bulgaria 100.00% Efficient Lithuania 73.75% Inefficient

Cyprus 82.46% Inefficient Luxembourg 65.67% Inefficient

Croatia 76.54% Inefficient Malta 72.41% Inefficient

Czechia 74.34% Inefficient Netherlands 50.99% Inefficient

Denmark 62.42% Inefficient Poland 89.98% Inefficient

Estonia 66.85% Inefficient Portugal 76.90% Inefficient

Finland 59.25% Inefficient Romania 100.00% Efficient

France 76.11% Inefficient Slovakia 82.64% Inefficient

Germany 63.24% Inefficient Slovenia 78.40% Inefficient

Greece 81.43% Inefficient Spain 70.50% Inefficient

Hungary 87.62% Inefficient Sweden 72.57% Inefficient

Ireland 81.74% Inefficient

Source: authors’ calculations

 

According to Table 1, in the context of the human capital dimension, there are three coun-
tries with an effi  cient digital economy with the output represented by the SDGI. They are 
Bulgaria, Italy and Romania. Actually, some results are quite surprising, i.e., the primacy 
of Bulgaria and Romania – the countries with one of the lowest GDP per capita in the EU. 
According to the human capital sub-dimension of internet user skills, Bulgaria and Romania 
are ranked 26th and 27th, respectively, while Italy is ranked 26th. This means that these countries 
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are at the bottom of the list. In terms of advanced skills and development, Bulgaria, Romania 
and Italy are in the 19th, 20th and 27th places, which shows their low performance. Nevertheless, 
the SDGI score is relatively high for these countries, which means that with the lowest DESI 
results, they produce a high level of sustainable development, which, in turn, shows that 
the digital economy works eff ectively compared with other EU countries. In other words, 
the countries with an ineffi  cient digital economy, measured by the human capital dimension, 
could have higher sustainable development, but their digital economies have a potential that is 
not used.

Figure 1: Human capital sub-dimension values by country

Source: authors’ calculations

The second DESI dimension that was examined is connectivity. The following connectivity 
sub-dimensions were used: fi xed broadband take-up, fi xed broadband coverage, mobile 
broadband, and broadband price index. The results are presented in Table 2.
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Table 2: Digital economy efficiency in terms of DESI dimension connectivity 

DMU name Efficiency score Efficiency DMU name Efficiency score Efficiency

Austria 87.74% Inefficient Italy 97.39% Inefficient

Belgium 100.00% Efficient Latvia 93.69% Inefficient

Bulgaria 100.00% Efficient Lithuania 100.00% Efficient

Cyprus 100.00% Efficient Luxembourg 69.69% Inefficient

Croatia 100.00% Efficient Malta 89.77% Inefficient

Czechia 99.17% Inefficient Netherlands 68.85% Inefficient

Denmark 69.64% Inefficient Poland 100.00% Efficient

Estonia 100.00% Efficient Portugal 100.00% Efficient

Finland 100.00% Efficient Romania 79.02% Inefficient

France 96.36% Inefficient Slovakia 94.13% Inefficient

Germany 77.07% Inefficient Slovenia 82.79% Inefficient

Greece 100.00% Efficient Spain 71.84% Inefficient

Hungary 90.05% Inefficient Sweden 82.60% Inefficient

Ireland 85.41% Inefficient

Source: authors’ calculations

As can be seen from Table 2, in terms of the connectivity dimension, there are ten effi  cient 
digital economies. They are as follows: Belgium, Bulgaria, Cyprus, Croatia, Estonia, Finland, 
Greece, Lithuania, Poland and Portugal. In this dimension, four sub-dimensions were used 
for the effi  ciency calculation: fi xed broadband take-up, fi xed broadband coverage, mobile 
broadband, and broadband price index. The EU monitors the connectivity of member countries, 
measuring both supply and demand of fi xed and mobile broadband. In terms of this dimension, 
there are no patterns as with the previous one, i.e., all the countries are placed in the list randomly. 
It is worth mentioning that the connectivity dimension is the one in the context of which 
the number of effi  cient digital economies is the highest. The connectivity sub-dimension scores 
are presented in Figure 2.
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Figure 2: Connectivity sub-dimension values by country 

Source: authors’ calculations

The third DESI dimension that was examined was integration of digital technology. 
The sub-dimensions that were used are digital intensity, digital technologies for businesses, and 
e-commerce. The results are presented in Table 3.
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Table 3: Digital economy efficiency in terms of DESI dimension integration of digital 

technology 

DMU name Efficiency score Efficiency DMU name Efficiency score Efficiency

 Austria 59.57% Inefficient Italy 61.25% Inefficient

Belgium 50.29% Inefficient Latvia 84.91% Inefficient

Bulgaria 100.00% Efficient Lithuania 56.85% Inefficient

Cyprus 72.68% Inefficient Luxembourg 62.64% Inefficient

Croatia 61.95% Inefficient Malta 45.87% Inefficient

Czechia 67.64% Inefficient Netherlands 49.86% Inefficient

Denmark 45.69% Inefficient Poland 95.81% Inefficient

Estonia 63.51% Inefficient Portugal 63.70% Inefficient

Finland 46.33% Inefficient Romania 100.00% Efficient

France 70.80% Inefficient Slovakia 81.91% Inefficient

Germany 71.72% Inefficient Slovenia 59.41% Inefficient

Greece 80.21% Inefficient Spain 62.68% Inefficient

Hungary 100.00% Efficient Sweden 47.13% Inefficient

Ireland 54.75% Inefficient

Source: authors’ calculations

As can be seen from Table 3, in terms of the integration of digital technology, there are three 
effi  cient digital economies, i.e., Bulgaria, Hungary and Romania. Bulgaria, as in the previous 
dimensions, produces quite a high SDGI level with a shallow level of digital intensity, digital 
technologies for businesses, and e-commerce. A similar situation is in Hungary and Romania. 
In order to understand the levels of the sub-dimensions investigated, a visualisation of the data 
is provided in Figure 3 below.
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Figure 3: Integration of digital technology sub-dimension values by country 

Source: authors’ calculations

The fourth DESI dimension that was researched is digital public services. This dimension 
consists only of one sub-dimension, which is e-government. The results are provided in Table 4.
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Table 4: Digital economy efficiency in terms of DESI dimension digital public services 

DMU name Efficiency score Efficiency DMU name Efficiency score Efficiency

  Austria 29.47% Inefficient Italy 35.72% Inefficient 

Belgium 35.79% Inefficient Latvia 28.49% Inefficient 

Bulgaria 37.75% Inefficient Lithuania 28.17% Inefficient 

Cyprus 34.71% Inefficient Luxembourg 26.80% Inefficient 

Croatia 44.33% Inefficient Malta 25.79% Inefficient 

Czechia 39.82% Inefficient Netherlands 29.26% Inefficient 

Denmark 27.93% Inefficient Poland 41.73% Inefficient 

Estonia 25.48% Inefficient Portugal 32.69% Inefficient 

Finland 28.39% Inefficient Romania 100.00% Efficient

France 32.07% Inefficient Slovakia 42.45% Inefficient 

Germany 35.04% Inefficient Slovenia 34.40% Inefficient 

Greece 51.58% Inefficient Spain 28.23% Inefficient 

Hungary 45.93% Inefficient Sweden 29.23% Inefficient 

Ireland 28.09% Inefficient 

Source: authors’ calculations

The results presented in Table 4 show that the only effi  cient digital economy in terms 
of digital public services and with an output represented by the SDGI is Romania. The results 
are similar to the outcomes presented above, i.e., the effi  cient economy has got one of the lowest 
GDP per capita (in terms of the EU). Romania shows the worst result in the e-government sub-
dimension (see Figure 4), but with these results, the country’s SDGI score is comparatively 
high, which means that the country’s ability to perform eff ectively in terms of the mentioned 
dimension is relatively high. In order to compare the scores of sub-dimensions, see Figure 4.
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Figure 4:  Digital public services sub-dimension values by country

Source: authors’ calculations

In order to evaluate the infl uencing factors that aff ected the effi  ciency of the digital 
economy, the tobit regression was adopted. As was mentioned above, the DEA calculation 
results are truncated discrete distribution values between 0 and 1; the OLS method would lead 
to an estimation bias; hence, the tobit regression was chosen for the research. All in all, four 
models were developed. The summary of Model 1 is presented in Table 5.

Table 5: Summary of Model 1

Log-likelihood = 49.823

LR χ2(2)         = 63.35

Prob > χ2      = 0.0000

Pseudo R2    = −1.7457

Efficiency* Coefficient Std. err t P > |t| [95% conf. interval]

X1 −0.011 0.002 −7.33 0.000 −0.015 −0.008

X2 −0.014 0.002 −5.72 0.000 −0.019 −0.009

Const 1.377 0.040 34.41 0.000 1.294 1.459

var(e.Efficiency) 0.001 0.000 0.001 0.003

*Efficiency in terms of human capital

Source: authors’ calculations
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As can be seen from Table 5, there are two independent variables, i.e., X1 and X2 and 
both are statistically signifi cant. Moreover, both have a negative impact on effi  ciency. In terms 
of internet user skills (X1), the results are quite common, as in order to achieve technical 
effi  ciency, equal access to the internet should be in all the regions of a country; otherwise, 
it could lead to digital inequality, which, in turn, according to Hidalgo et al. (2020), could 
lead to economic inequality, which might be harmful particularly for the younger generation, 
as it could be excluded from the labour market. Advances skills and development (X2) also 
have a negative infl uence on the effi  ciency of the digital economy in terms of human capital. 
This could be due to the fact that only a limited number of digital service users could be treated 
as advanced, which means that inequality exists in that fi eld, which, in turn, could lead to non-
effi  ciency. 

The summary of the second model (Model 2) is provided in Table 6.

Table 6: Summary of Model 2

Log-likelihood = 46.446

LR χ2(4)         = 50.05

Prob > χ2      = 0.0000

Pseudo R2    = −1.168

Efficiency* Coefficient Std. err t P > |t| [95% conf. interval]

X3 −0.017 0.004 −3.95 0.001 −0.026 −0.008

X4 −0.008 0.003 −3.07 0.005 −0.013 −0.003

X5 −0.012 0.002 −7.29 0.000 −0.015 −0.009

X6 −0.024 0.006 −4.26 0.000 −0.036 −0.012

Const 1.551 0.059 26.44 0.000 1.429 1.672

var(e.Efficiency) 0.002 0.001 0.001 0.003

*Efficiency in terms of connectivity

Source: authors’ calculations

The results presented in Table 6 indicate that all the indicators of the connectivity dimension 
are with the minus sign, which means that they could negatively infl uence the technical 
effi  ciency of the digital economy. The obtained result is quite surprising and brings new evidence 
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to the scientifi c fi eld of the digital economy and its effi  ciency. This could be due to the fact that 
in the EU, not all the countries are equally developed; hence, the level of connectivity indicators 
is diff erent, and, as was mentioned above, inequality brings a decrease in effi  ciency. Therefore, 
it is vital for all the policy-makers to take these results into account and enhance the level 
of connectivity indicators for all the residents of the country in order to lower the inequality 
in this area.

The summary of the third model (Model 3) is presented in Table 7.

Table 7: Summary of Model 3

Log-likelihood = –56.671

LR χ2(3)        = 6.09

Prob > χ2     = 0.1071

Pseudo R2   = −0.3116

Efficiency* Coefficient Std. err t P > |t| [95% conf. interval]

X7 −0.028 0.023 −1.24 0.228 −0.076 0.019

X8 0.006 0.010 0.58 0.566 −0.014 0.026

X9 0.043 0.017 2.51 0.019 0.008 0.079

Const 0.485 0.144 3.38 0.003 0.188 0.781

var(e.Efficiency) 0.023 0.006 0.013 0.040

*Efficiency in terms of integration of digital technology

Source: authors’ calculations

As can be seen from Table 7, only one coeffi  cient of X9 is statistically signifi cant and 
has a positive eff ect on the effi  ciency of the digital economy in terms of the digital technology 
dimension. This is quite a predictable result, as electronic commerce is often associated 
with sustainability, which is an output of the DEA approach. For instance, Yang et al. (2021) 
argue that e-commerce could help achieve sustainable development in rural areas. Zhang and 
Xu (2021) support the view that e-commerce could help maintain sustainable development 
by putting forward various subsidy programmes for retailers. Moreover, e-commerce is critical 
for the country’s market position and its developmental perspectives (Jasińska-Biliczak, 2022). 
Hence, it could be stated that e-commerce is one of the drivers of the effi  ciency of the digital 
economy, as, for instance, it helps improve the effi  ciency and quality of services of companies 
with a considerable reduction in costs (Dragulanescu and Androniceanu, 2017).
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The last model is Model 4, and its summary is provided in Table 8.

Table 8: Summary of Model 4

Log-likelihood = 16.087

LR χ2(1)           =  3.30

Prob > χ2        =  0.0693

Pseudo R2      =  −0.1143

Efficiency* Coefficient Std. err t P > |t| [95% conf. interval]

X10 −0.003 0.002 −1.87 0.072 −0.006 0.000

Const 0.568 0.113 5.05 0.000 0.337 0.799

var(e.Efficiency) 0.018 0.005 0.010 0.031

*Efficiency in terms of digital public services

Source: authors’ calculations

The outcome of Model 4 indicates that e-government representing digital public services 
has a negative eff ect on the effi  ciency of the digital economy. At present, in diff erent countries, 
especially low-income countries, the e-government is only about to be developed. It means that 
in some countries, the transition to e-government is in the initial stage, which, in turn, could 
not infl uence the effi  ciency of the digital economy positively. Only mature systems could aff ect 
the effi  ciency of the digital economy. In other words, this is quite an essential result for the EU 
policy-makers, i.e., it is vital to develop strategies for all the countries to transit to e-government 
and contribute to the effi  ciency of the digital economy of the country.

5.  Discussion

Jovanović et al. (2018) examined the link between digitisation and sustainable development. 
The DESI index was used as a measurable expression of digitisation. The authors analysed 
the DESI index by fi ve dimensions, which were in eff ect before 2021. They compared DESI 
results with such indexes as the Global Competitiveness Index, Global Innovation Index, GDP, 
Global Entrepreneurship Index, Good Country Index, Sustainable Development Goal Index, 
and Sustainable Society Index. Our research diff ers in that it uses only the SDGI as a measure 
of sustainable development and disregards other indices. We do not treat this as a drawback 
of our research but rather as concentrating on one particular measure. Moreover, we used 
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the DEA method to measure digital economy effi  ciency, which is far more comprehensive 
than measuring the correlation coeffi  cient as performed by Jovanović et al. (2018). The DEA 
method gives the effi  ciency score of a country, while correlation only indicates the strength and 
direction of the relationship between the DESI and the selected variables. 

Herman (2022) analysed the impact of digital entrepreneurship on sustainable devel- 
opment goals. After performing the correlation and regression analysis, she found that digital 
entrepreneurship depends on the general level of country digitisation, and it further has 
an impact on SDGs, distinguishing particular SDGs as major recipients of the eff ect. Moreover, 
the author performed principal component analysis and cluster analysis. In the mentioned 
research, the variables were divided into three groups: related to entrepreneurship, digitisation 
and sustainable development. The DESI index was in the second group, along with several 
other indices, while the SDGI was in the third group. The diff erence between Herman’s (2022) 
and our research is in the fact that we aimed to obtain the effi  ciency of the digital economy 
in terms of sustainable development, and Herman (2022) estimated the relationship between 
entrepreneurship (including digital entrepreneurship) and sustainable development. Thus, 
entrepreneurship is treated as an equally important factor of Herman’s (2022) analysis, while 
we pay attention solely to digitisation.

Stan et al. (2020) aimed to fi nd out how digitisation aff ects sustainability. The research 
was done based on a Romanian example. Particular elements of sustainable development were 
examined in detail. Similar to our research, Stan et al. (2020) used the DESI and SDGI for their 
analysis. A correlation analysis between the DESI and SDGI was performed for Romania, 
selecting six SDGI elements. Most selected SDGI measures were strongly correlated with 
the DESI, either positively or negatively. Even though the described research was performed 
based on only one country, its results are interesting and open a broad fi eld for future research. 

Del Río Castro et al. (2021) state that there is an interplay between digitisation and 
sustainability. However, they found several gaps in previous SDG research and implementation, 
as well as a lack of scientifi c evidence about the interaction of digitisation and sustainability. Little 
is known about how the digital economy can help achieve sustainable development. Their main 
analysis instrument was a literature review. They determined that novel data sources, enhanced 
analytical capacities and collaborative digital ecosystems allow digitisation to contribute 
to SDG achievement. The three mentioned groups of actions are further divided into smaller 
activities. Even if Del Río Castro et al. (2021) did not apply any quantitative methods to measure 
the impact or relationship between the analysed phenomena, they provided a sound review and 
classifi cation to present the state of the art of the digitisation-sustainability peculiarities and 
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nexus. This is a suitable background for future research intended for quantitative estimations 
of their effi  ciency or relationship. 

Contemporary technologies have applications in many areas. By developing and applying 
various technologies, digitisation can help strengthen the economy, protect the environment 
and ensure safe well-being for people. Mondejar et al. (2021) introduce the concept of digital 
sustainability and defi ne it as technology to achieve sustainable economic growth. Though 
again, without particular quantitative estimations, these authors provide a set of trends and 
examples of how innovative digital technologies can help achieve SDGs. 

Digitisation effi  ciency was measured by Yalçın (2021) using the DEA method. The author 
used DESI dimensions as inputs and GDP growth rate and employment rate as outputs. 
The sustainability aspect has not been taken into account here. DEA has also been used to 
measure the impact of digitisation on fi nancial sector performance (Ekinci, 2021), retail 
logistics effi  ciency (Loske and Klumpp, 2020), and enterprise architectures (Sandkuhl et al., 
2019). DEA is often applied together with other methods, such as regression. However, none 
of the mentioned works analysed the sustainability perspective. 

To sum up, it could be noted that the previous research is mainly twofold. Part of the authors 
combine the DESI and SDGI in their analysis but do not measure effi  ciency and do not apply 
the DEA method. Other types of research are related to digitisation effi  ciency, and they often 
use DEA but do not consider sustainability perspectives. Thus, our research representing 
the measurement of digital economy effi  ciency concerning sustainable development is original 
and suitable to fi ll the revealed research gap. 

Overall, digital technologies can aff ect the economy and sustainability both positively and 
negatively. Employees’ and citizens’ advanced digital skills and increased internet availability 
aff ect the development and utilisation of digital technologies in businesses and households. 
Novel data sources and new analytical techniques, including big data analytics, contribute 
to sustainability and well-being as we can recognise hidden trends in data and thus make more 
reasonable individual and corporate decisions. Data exchange platforms and cloud technologies 
enhance proactive and quick data sharing worldwide. However, the drawbacks of the use 
of technologies include increased energy consumption and related costs, as well as critical 
dependence on energy supply. In order to promote effi  ciency, countries should aim to adequately 
utilise and promote the advantages while reducing the negative eff ects of technologies. 
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6.  Conclusions

For assessing the effi  ciency of the digital economy, four DESI dimensions and their sub-
dimensions were employed. They are as follows: human capital (internet users and advanced 
skills and development), connectivity (fi xed broadband take-up, fi xed broadband coverage, 
mobile broadband, and broadband price index), integration of digital technology (digital 
intensity, digital technologies for businesses, and e-commerce), and digital public services 
(e-government). All the EU countries were selected for the research and the study period 
covered 2021, employing the latest available data. For obtaining the results, the DEA technique 
was used. The DESI sub-dimensions were treated as inputs and the SDGI as an output. 
The selection of output is backed by scientifi c literature, where authors that claim there is 
a strong connection between the digital economy and sustainability.  Actually, this supports 
the novelty of the current study, as, at present, there is a limited number of articles measuring 
the effi  ciency of the digital economy in the context of sustainable development. In other words, 
the contribution of the current paper to the scientifi c literature and knowledge is undoubtful.

To sum up the DEA results, it is concluded that in terms of human capital, there are three 
effi  cient digital economies in the EU: Bulgaria, Italy and Romania. Regarding connectivity, there 
is the most signifi cant number of effi  cient digital economies, which are as follows: Belgium, 
Bulgaria, Cyprus, Croatia, Estonia, Finland, Greece, Lithuania, Poland and Portugal. In terms 
of the integration of digital technology, there are three effi  cient digital economies: Bulgaria, 
Hungary and Romania. The last dimension that was analysed is digital public services with 
one effi  cient digital economy: Romania. Some results are quite surprising as, in most cases, 
the countries with the lowest economic development (based on GDP) have the best digital 
economy effi  ciency measurement results. The reason is that the countries with the lowest DESI 
sub-dimension points produce quite a high level of SDGI (compared with the world results); 
hence, it supports the economic effi  ciency concept.

The second stage of the research was regression modelling in order to fi nd out which 
DESI sub-dimensions have an impact on the country’s sustainable development represented 
by the SDGI. All in all, four models were investigated. Each model represented a DESI dimension. 
In terms of the fi rst model, internet user skills appeared to be statistically signifi cant and have 
a positive impact on sustainable development. In the second model, out of four independent 
variables, only one was considered to have an infl uence on the SDGI, namely mobile broadband. 
In the context of the third model, all the coeffi  cients of the variables were statistically signifi cant, 
which means that all the variables aff ect the SDGI. However, the calculations showed that 
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while digital intensity and e-commerce infl uence the SDGI positively, digital technologies 
for businesses have a negative impact. The last model consisted only of one independent 
variable, e-government. The obtained results revealed that the mentioned variable has a positive 
infl uence on the SDGI.

Brief measures for countries with lower effi  ciency scores could be proposed. Technologies 
should be increasingly applied to minimise waste by just-in-time or similar logistics systems, 
optimise consumption by reducing paper and transport use, and reduce inequality through 
improved accessibility and online learning opportunities. Countries should strive for effi  cient 
utilisation of resources. To cope with increased energy consumption and its costs, citizens 
should increasingly use energy-effi  cient devices. Still, particular measures may greatly depend 
on the political decisions of countries’ governments and municipalities. 
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