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Abstract

Purpose: The present paper aims to capture the evolution of digital transformation 
in the sectors of the Greek economy, on the one hand. On the other hand, it investigates 
the existence of causal relationships between the extroversion of sectors of the economy 
towards foreign trade.

Methodology: Methodologically, by applying secondary research in international 
databases, indicators of digital transformation are extracted and certain indicators of the 
extroversion of the Greek economy are determined. By applying the method of multiple re-
gression, linear correlation relationships between the examined variables are investigated.

Findings: The findings of the survey include: the improvement of the digital ranking 
of the Greek economy; and the improvement of extroversion in all sectors of the Greek 
economy, with stronger improvement in the sector of industrial products. Regarding the 
correlation between extroversion and digital maturity, indications emerge suggesting that 
digital transformation in the public sector can contribute to the development of foreign 
trade.

Originality: The contribution of this paper in terms of its originality lies in the fact that 
it fills the literature gap in the investigation of causal relationships between digitization and 
the extroversion of commercial sectors. 

Research limitations: The limitations to this survey are the lack of data on digital 
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transformation by economic sector for each EU Member State, which occurs from the 
structural features of the index, and the time horizon of the sample, as the calculation of 
the indicator by the EU was introduced very recently. 

Keywords: Digital Transformation, Research & Development, Crises, Foreign Trade 

JEL Classification Codes: O30, G01, F40

1. Introduction

The unprecedented appearance of the COVID-19 virus and the subsequent outbreak 
and rapid transmission of the disease, which reached pandemic proportions, created suf-
focating pressures in all countries, and by extension also in Greece. This spread through 
health systems, supply networks and the business community, but also created a new reality 
for citizens. The measures implemented had direct and significant effects on all sectors of 
the economy and businesses. According to the international scientific literature, it is widely 
accepted that in cases of crises there are significant effects both on the main macroeconom-
ic figures of an economy and on the terms of international foreign trade at a global level.

At both government and business level, there was an immediate effort to adapt to the 
new conditions through the use of innovative digital technologies and practices. The digital 
transformation has highlighted new trends in consumer behavior, the way businesses oper-
ate, working conditions and the services and daily lives of customers and citizens. In many 
countries, some changes seem to take on a more permanent character and are predicted to 
prevail in the long term, thus shaping a new reality in the social, economic, and business 
environment.

According to the international literature, strong research interest has been generated 
regarding mapping the digital situation and maturity of both the private and public sec-
tor, as well as the strategic decisions taken towards the digital transition. This article pre-
sents the concept of digital transformation as a practice in shaping business strategy, which 
seems to play a decisive role first in the survival and then in the growth of the financial data 
of businesses. Next, this paper attempts to investigate the degree of digital transformation 
of the Greek economy as well as to investigate causal relationships in the extroversion of 
the sectors towards foreign trade.

Specifically, the following research questions are investigated:
1. To what extent has digital maturity changed in the case of the Greek economy com-

pared to the EU for the 2017–2022 period?
2. What is the change in intensity in Research and Development as a business strategy 

for the Greek economy in the 2017–2022 period?
3. How is the extroversion of businesses changing for each economic sector for the 

2017–2022 period?
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4. To what extent can the adoption of new digital practices in the Greek economy 
contribute to enhancing extroversion?

Methodologically, based on the international literature, secondary research is carried 
out using data from the Eurostat (European Statistical Authority), ELSTAT (Hellenic Sta-
tistical Authority), ECB (European Central Bank) and SEV (Hellenic Federation of Enter-
prises) databases. Indicators are extracted to capture the digital situation of the Greek busi-
ness community (DESI); the extroversion of the sectors of the Greek economy (X/GDP) is 
determined by single-digit analysis (SITC1); the Greek reality in the field of Research and 
Development (R&D) by geographical classification (NUTS) is reflected; while linear cor-
relation relationships between the examined variables are investigated through multiple re-
gression. The results indicate the improvement of the digital ranking of the Greek economy 
and the improvement of extroversion in all sectors of the Greek economy, with the sector of 
industrial products to be further strengthened. In terms of the correlation between extro-
version and digital maturity, there are indications that digital transformation in the public 
sector can contribute to the development of foreign trade.

In summary, this paper initially attempts to capture the current situation using the 
DESI digital ranking index for the case of Greece at the regional level, and then for the four 
additional synthetic indicators presenting comparative data for the rest of the EU Mem-
ber States for the 2017–2022 period. Next, the degree of extroversion of Greece for the 
same period is extracted and analyzed and an attempt is made to investigate correlations 
between the country’s digital ranking and the degree of extroversion. The results obtained 
provide elements that should be taken into account both by companies in the process of 
formulating their business strategy to enhance exports, and by the state in shaping the 
institutional framework for external relations and transactions. The novelty of the paper 
is that it provides quantitative data on the relationship between digital transformation and 
the extroversion of European countries, while these findings significantly increase our un-
derstanding of the impact of digital change on business activities and the shaping of the 
foreign policy framework.

2. Literature Review

Digital transformation is affecting corporate strategies, influencing business planning, 
innovation policies and marketing strategies, and steering the digital community along 
the wave of information technology (Verhoef et al., 2021). Evidence supports the hypoth-
esis that global socioeconomic and market changes also force small and medium-sized 
enterprises’ digital transformation. In addition, it can be assumed that the present speed 
of digital transformation is significantly influenced by the risks and uncertainties faced by 
businesses, which include pandemics that cause global supply chain disruptions (Papado-
poulos et al., 2020).

Digital technology is becoming more and more ingrained in a wide range of fields, 
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businesses, and organizations. As a result, at this point enterprises’ activities are changing 
in direct proportion to the digital transformation. The advancement of enterprise manage-
ment, the active application of contemporary information technologies (including for the 
automation of business operations), and the introduction of new business models are all 
necessary to support the expansion of digital technologies on the basis of inventive devel-
opment (Alla Vasilevna & Chernikova, 2019).

The digital economy is anticipated to have several drawbacks compared to the tradi-
tional economy, such as leading to the elimination of certain professions, growing digi-
tal divide in education and access to digital services, cybernetic threats, etc. However, its 
benefits include boosting corporate productivity and competitiveness, cutting expenses, 
and creating new professional specializations. Some scientists think that innovation has 
been superseded by the digital economy, but in our view, innovation and digitization are 
essential elements. Consequently, the issue of the economy’s digitization on the basis of in-
ventive development is highly pertinent at the current stage of business development (Alla 
Vasilevna & Chernikova, 2019).

The adoption of digital technology by a company to digitize non-digital operations, 
products, or services is known as digital transformation. Increasing value through inno-
vation, invention, customer experience, or efficiency is the aim of its execution (Aslanov 
& Mirzagayeva, 2022; Vial, 2019). The application of digital technology by a company to 
digitize non-digital functions, products, or services is called digital transformation. 

In addition, regarding the interest of the academic community and international re-
search activity in this subject, it is noted that the field of digital transformation has been 
of increasing interest, especially in the last decade. The results of this interest indicate a 
significant lack of interconnection between academic findings and field application, and 
research in the field is fragmented. What is becoming clear is that the field of digital trans-
formation has direct effects on the economy – both at the company and national level – 
as its effects have led to the implementation of new business models such as the circular 
economy and frugal innovation (Vaska et al., 2021).

The next section discusses the digital transformation of firms, and digital transition in 
the EU in general and in the Greek economy in particular.

2.1 Digital Transformation in Business 

Various definitions and approaches have been attributed to the concept of digital trans-
formation, which refers to the practices that the company is called upon to implement in 
the context of its strategies in order to be able to face the challenges posed by new tech-
nologies. Digital transformation is an investment in a digital transformation strategy that 
replaces the existing operational thinking of the firm in order to both address the risks and 
exploit the opportunities presented by new digital technologies (Singh & Hess, 2017).

Digital business transformation takes place when new technologies remove the barri-
ers between people and businesses, bringing about radical changes in the areas in which a 
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business operates. With the evolution of their digital status, businesses develop innovative 
practices, become more efficient, and gain a competitive advantage (Shvertner, 2017).

Furthermore, there is an approach in which digital transformation is a strategy that 
brings about fundamental changes in the adoption of digital technologies, in an organi-
zation or in the organization’s operating environment, in terms of the way of working, 
roles, and business offerings. These changes are focused on the process, organization, and 
business domain levels. They therefore represent radical changes in all areas of business 
activity (working conditions, production processes, distribution channels, marketing prac-
tices), which are mainly based on collaboration and intensive interactions (Parviainen et 
al., 2017).

Therefore, in the business world, the biggest challenge that businesses must meet in 
the face of digital Darwinism is the strategic decision to adopt new digital methods to 
evolve and survive, otherwise they are expected to drive their business activities to death 
(Kreutzer et al., 2018).

According to Priyono et al. (2020), who conducted qualitative research based on a 
questionnaire in the case of manufacturing SMEs in Indonesia, it is initially noted that 
digital transformation does not necessarily imply a radical transformation of the business 
model, while the digital transition can take place gradually and at various business levels. 
Furthermore, the digital transition has clearly made businesses more flexible in terms of 
resource allocation and management, but it is noted that this process has brought signifi-
cant costs. At the same time, it is indicated that there is no optimal solution for choosing 
a strategy as it depends on various factors such as the digital maturity of the business, the 
existing technological infrastructure, the learning culture, the ability to develop with part-
ners, etc. Although the research highlights some very important conclusions for the case of 
Indonesia, there are no comparative quantitative data for the case of other countries, while 
also no longitudinal data are presented. 

At the same time, Rupeika-Apoga et al. (2022) attempted to investigate, among other 
things, causal relationships between digital transformation and the revenues of 246 SMEs 
in Latvia. Initially, in this case, there was a positive effect of digital transformation on busi-
ness revenues – indeed, of both variables under consideration: digital orientation and digi-
tal capability. Moreover, the results show that digital transformation is not only imperative, 
but is also an opportunity for countries to increase not only their economic but also social 
and environmental benefits. Of course, although the aforementioned research presents 
some very important findings, the results are limited, as on the one hand comparative data 
of businesses in other countries are not presented, while data are taken from the side of 
businesses without considering factors such as the digital capability of consumers, the digi-
tal infrastructure of the country, the digital culture of citizens, etc.

2.2 The Digital Transition in the European Union

The high-tech sector could be defined as a very important, complex, and multifaceted 
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part of the modern economy and the system of social and economic life in the world to-
day in general and in the European area in particular. According to Melnikas (2013), this 
means that the intensive development and further modernization of the high-tech sector 
should be defined as the most important prerequisite for the creation and development 
of the knowledge society and the knowledge economy, as well as a particularly important 
priority of social, economic, and technological development in the European Union.

EU cohesion policy programming is part of the overall coordination of EU economic 
policy. The digital transition of the Member States is one of the EU’s broader reforms. In-
deed, the links between cohesion policy and reforms were strong enough for the European 
Commission to decide to suspend funding for regions in any EU Member State that does 
not follow its economic conditionality.

The fact is that digital technology is evolving rapidly and will continue to change peo-
ple’s everyday lives. The EU, through its digital policy, intends to make this transformation 
work for people and businesses. The European Commission aims initially to enrich the 
EU’s digital dominance and to define its own standards, rather than adopting those of oth-
ers, with particular emphasis on data, technology, and infrastructure.

Improving regional productivity and competitiveness can be achieved through Infor-
mation and Communication Technologies (ICT), as their innovations offer businesses op-
portunities. It is considered that the digital transition will offer the potential to achieve EU 
policy objectives in a number of areas. Indicative areas where the digital transition can be 
applied are health, security, transport, energy, etc. However, the benefits of digital technol-
ogies come with risks or extra costs. There is widespread concern about digital challenges, 
access to people’s personal data, and malicious cyber activity.

Based on international literature it is clear that European SMEs are experiencing the 
effects of digital transformation. Primarily, what is being examined is customers’ relation-
ships with SMEs in digital transformation studies focusing on SMEs, while SMEs use digi-
tal technologies to produce new digital products and services, expand the consumer base, 
and improve business performance (Khin & Ho, 2019). Europe’s competitiveness in global 
markets is significantly influenced by SMEs’ speed and degree of digitization. Therefore, 
exceptional prospects for European SMEs and economic growth are expected as digital 
technologies change market dynamics. This expansion is intensifying, and the technology 
industry is growing five times faster than the rest of the European economy. As a result, 
SMEs are competing, scaling, and disrupting unimaginably due to the rapid technological 
transformation (European Investment Bank, 2019).

In a similar study conducted by Vinnychuk et al. (2014), data was taken from Ukraine, 
Poland, Lithuania and Germany, and similar indicators were then used to investigate causal 
relationships between the knowledge economy and economic growth. The results of the 
survey indicate that the knowledge and information production industry and the integra-
tion of innovation is a critical factor for the economic prosperity and competitiveness of a 
country. At the same time, for the Ukrainian economy, the orientation towards innovation 
and digitalization is highlighted as a long-term growth strategy, while the importance of 
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implementing this policy to enhance extroversion at the global level is underlined.
According to Jurčević et al. (2020), who used the DESI index to study Croatia’s digital 

situation compared to the other EU Member States, it was found that the country lags 
significantly behind the European Union average. The findings of the survey included low 
digital maturity of businesses and very low integration of digital transformation into busi-
ness models and business strategy in the case of Croatia. However, this research does not 
delve deeper into the additional components of DESI, and does not investigate possible 
causal relationships between digital transformation and the other factors examined.

According to Mishchuk et al. (2019), the importance of ICT integration and digitaliza-
tion is recognized as a source of competitive advantage and as a lever primarily of the eco-
nomic, but also social, development of an economy. Applying a mathematical simulation 
model with international statistics in the case of Ukraine, they confirmed the existence of 
positive links between GDP per capita and ICT and demonstrated the importance of ICT 
integration in the economic performance of enterprises. Indeed, the country’s case study 
has similar characteristics to the Greek economy, as Greece also highly appreciates the 
benefits of digitalization, but still shows a low degree of digital maturity.

The COVID-19 crisis affected the use of various digital technologies and, in particular, 
accelerated the digital transition. Many employees increased their use of digital technolo-
gies if they worked from home (teleworking), while many pupils and students increased 
their use of distance learning. Finally, the way people communicated with each other was 
affected by travel restrictions, which increased online conversations and meetings between 
people, as was the traditional method of shopping, which was reduced by online ordering 
(Eurostat, n.d.-b).

2.3 Digital Maturity in the Greek Economy 

According to a survey conducted by SEV (Hellenic Federation of Enterprises) on the 
digital maturity of Greek businesses, it is noted that a very small percentage, around 3%, 
has adopted artificial intelligence technologies, in contrast to other developed countries 
where this figure is around 40%. Furthermore, cloud solutions are used by around 7% of 
the population in Greece, compared to 26% in the EU. For the 2020–2022 period, according 
to the survey, the digital maturity of the Greek economy has improved, but it still remains 
among the lowest in the EU. This improvement seems to be due in large part to the emer-
gence of the COVID-19 pandemic, which seems to have accelerated and intensified invest-
ments towards digital transformation in both the private and public sectors. Of course, it 
should be noted that despite the increase in investment in digital practices, these are more 
focused on technologies with outdated capabilities, with the result that the digital maturity 
of Greek enterprises is still at a low level compared to the EU (SEV Observatory, 2022). 

In a corresponding National Documentation Centre (2022) survey on the adoption 
of Digital Transformation as a “continuous and comprehensive growth strategy” in the 
2020–2022 period, it was found that a significant part of Greek business (40.2%) considers 
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Digital Transformation as a growth strategy to be of major importance, while it is also 
evident that the number of companies adopting this view has increased compared to the 
2016–2018 period (33.5%). Between the geographical regions of the country (NUTS1: At-
tica, Northern Greece, Central Greece, and Aegean Islands, Crete), digital transformation 
is largely considered a very important ongoing business development strategy. However, in 
the region of Attica, it is more strongly prevalent, with a rate of 42.7%.

Kazantzidou (2022), through qualitative research conducted for the fashion industry, 
highlighted the necessity of digital transformation in the industry’s businesses, especially 
as a strategy to cope with the effects of the pandemic. At the same time, it is noted that 
industries that were mainly retailers faced greater challenges and subsequently appeared to 
have realized earlier that the use of digital tools can compensate for economic losses. Fur-
thermore, it is noted that the impact on businesses in the sector that had already adopted 
digital technologies to a greater extent was significantly lower. It should be noted, however, 
that the survey does not take broad industry data or data from other industries.

Potouris (2017) investigated five sectors of the Greek economy, conducted a case study 
of 10 representative companies in each sector, and found that the majority of the firms that 
led the digital transformation of the sectors were start-ups and introduced some kind of 
innovation. Increased competition and a lack of consumer education in new technologies 
were listed as major problems, while the following were noted as benefits: responsiveness to 
competition, increased consumers, reduced costs, and an improved customer experience. 
However, this research was based on qualitative data and did not show correlations with 
the economic results of companies.

Finally, research results show that, on the one hand, the percentage of businesses that 
recognize the importance of digital transition is still low in Greece; on the other hand, a 
very large percentage of the business world relies on EU funds for the adoption of digital 
practices. Consequently, EU policy is crucial and of great importance as regards the alloca-
tion of funds in similar digital directions. In particular, regarding the challenges and ways 
of dealing with developments in the business world, it is recorded that 52% of companies 
have strategic growth as a key expectation. In fact, of this group of businesses, 71% use EU 
resources for investment support, while only 23.2% invest in digital and green transforma-
tion. Moreover, a significant proportion of businesses with an upward-looking expectation 
(constituting 35% of the total amount) are tapping into EU resources, albeit more for work-
ing capital than as an investment incentive (SEV, Flash Report, 2023). 

Summarizing, the literature review shows that digital transformation can bring about 
radical changes in business activities and the way business processes are organized by giv-
ing competitive advantages and highlighting related risks. Previous studies have focused on 
new technology adoption, innovation, added value and dynamic capabilities (Skare et al., 
2023). However, it is still unclear how digital transformation can affect both the economic 
figures of businesses such as access to finance, increasing input costs, shortages of skilled 
labor, various regulatory issues, etc., as well as the macroeconomic aggregates of countries. 
The majority of previous studies apply qualitative research or case study methods, while a 
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smaller number of studies conduct quantitative research, mainly by collecting data from 
businesses. The contribution of this paper lies in the effort to fill this research gap by using 
DESI, while at the same time it attempts to investigate if and how digital transformation is 
related to certain macroeconomic aggregates.

2.4 The Extroversion of the Greek Economy 

One of the main macroeconomic aggregates studied in the international literature 
when attempting to outline a country’s economy is trade flows. Traditionally, countries’ 
main goal has been to increase exports over imports, which leads to an improvement in 
the trade balance and a strengthening of the economy. Next, export performance, export 
coverage and extroversion are some of the key indicators studied in the international lit-
erature on exports and the extroversion of an economy. Extroversion indicators are often 
the subject of research related to the productive composition of an economy, the formation 
of competitive advantages, the deeper understanding of trade relations and the formation 
of an institutional framework for external trade policy. In the case of Greece, one of the 
most important aspects of the economy’s deficit is exports, whose stunted performance 
is reflected both in their low share of the country’s GDP and in their chronic trade deficit 
(Magoulios & Chouliaras, 2014; Moskofidis & Magoulios, 2022).

According to the international literature, the factors affecting the extroversion of an 
economy are, in most cases, multidimensional and complex, and may vary depending on 
the geographical approach and the time period. In the case of the Greek economy, accord-
ing to Magoulios et al. (2021), Greek exports are particularly vulnerable in times of crisis.

Regarding the forecasts of the Greek economy for the 2020–2022 pandemic period, 
according to an OECD study, losses in the country’s GDP may reach the level of –35% due 
to the partial or total closure of commercial activity. The tourism sector also appears to be 
severely affected, especially in places where the sector supports many jobs and businesses. 
Estimates of the impact of COVID-19 show a 60% decline in international tourism. Cer-
tainly, domestic tourism will recover faster, but it cannot fully compensate for the decline 
in international tourism (OECD, 2020)

At the same time, the decline in consumer spending is expected to be around 30% in 
many major advanced economies, including Greece. Fiscal conditions in Greece and glob-
ally deteriorated rapidly in 2020 (estimated primary fiscal deficit in Greece above –7% of 
GDP, compared to a surplus of +3.5% in 2019), and the fiscal situation remained difficult 
in 2021. In this context, Greek public debt as a percentage of GDP will approach 200%, the 
highest in the Eurozone, posing a medium-term threat to fiscal stability and the country’s 
growth dynamics (Karamouzis, 2020).

Antonaios (2022) notes in his research that in the case of the Greek economy, in terms 
of extroversion, there is a long-standing negative impact of imports on the Greek economy. 
Moreover, he points out the significant contribution of domestic demand and consumer 
spending, except during the years of economic recession. At the same time, he stresses the 



Intellectual Economics. 2023 17(2) 393

importance of distinguishing export activity, both including and excluding the oil sector. 
Finally, his study points to the minimal participation of Greek trade in international trade 
– Greek exports participate in international trade at an approximate rate of 0.2%, while 
imports participate at a slightly higher rate of 0.5% (Antonaios, 2022).

Moreover, Moskofidis & Magoulios (2022), in a comparative study conducted during 
the economic recession of 2008 and the pandemic period of 2019–2021, point out the re-
structuring in Greece’s foreign trade, with a significant increase in intra-community trade. 
Among other things, they attribute this change to the existence of an institutional frame-
work in intra-community trade, the formation of free trade conditions, the existence of 
trade confidence and creditworthiness, the absence of restrictive measures, the security of 
trade, and knowledge of the supply chain developed through European integration.

Finally, regarding the long-standing problems in Greek foreign trade, a report by the 
National Bank of Greece (2022) points out that the problem is not only quantitative but 
also qualitative, as SMEs export their products mainly to the Balkan and Eastern European 
countries, as opposed to large companies that have better access to Western Europe, where 
profit margins are higher. While, according Magoulios and Athianos (2013), the Greek 
economy continues to exhibit characteristics of an emerging economy, where there are 
strong comparative advantages, it lacks the characteristics of a developed country in terms 
of the structure of production and foreign trade.

3. Methodology

Based on similar research efforts (Jurčević et al., 2020; Skare et al., 2023), the Digi-
tal Economy and Society Index (DESI) is used to study the evolution of the digital status 
of Greek entrepreneurship. DESI is composed of a set of qualitative and quantitative di-
mensions that reflect the digital evolution of the European Union member states. DESI, 
which was established and adopted by the EU in its annual reports, ranks the Member 
States according to their level of digitization and analyzes their relative progress based on 
four sub-indices: a) Connectivity, b) Human Capital, c) Digital Technology Integration, 
and d) Digital Public Services European Commission, n.d.). Existing literature on digital 
transformation focuses on changes in structure and value creation, use of digital technolo-
gies, dynamic capabilities, consumer behavior, and strategic responses (Kraus et al., 2022). 
However, the empirical link between digital transformation and the business activities of 
European SMEs remains unclear. Studies on how digital transformation impacts European 
SMEs with regards to customers, input costs, access to finance, regulatory burden, exog-
enous shocks, and skilled labor shortages are not available. Fewer studies use the DESI to 
explore digital transformation in Europe. DESI is a composite index that tracks economies’ 
digital transformation by connectivity, human capital, Internet use, digital technology in-
tegration, and digital public services. DESI allows us to explore the impact of a country’s 
digital transformation on SMEs’ main business issues (Skare et al., 2023)
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At the same time, research in international databases presents Greece’s exports for the 
2017–2022 period, extracts the degree of extroversion (X/GDP) by international sector 
classification (SITC1), and studies the structure of Greek exports by extracting the degree 
of contribution or the specific weight of each sector in total exports (X/X Total). Next, in 
order to observe the situation of the Greek economy in terms of R&D, the R&D inten-
sity indicator is extracted, which is included in the auxiliary indicators of the Macroeco-
nomic Imbalance Procedure (MIP) Scoreboard, used by the European Commission for 
early warning in monitoring the macroeconomic imbalances of the EU Member States. 
Note that the R&D indicator is one of the nine headline indicators of the EU2020 strategy, 
relating to the R&D expenditure target of 3% of EU GDP, the achievement of which is 
maintained with a new time horizon of 2030. Based on the suggestions of the international 
literature, the comparative data analysis approach was chosen for the case of Greece’s for-
eign trade for the 2017–2019 and 2020–2022 periods, with the main criterion of separation 
being the occurrence of the COVID-19 pandemic.

Finally, an attempt is made to investigate the existence of linear correlations between 
the examined variables through data panel analysis using E-Views. Panel data regression 
is a powerful way to control dependencies of unobserved, independent variables on a de-
pendent variable, which can lead to biased estimators in traditional linear regression mod-
els. In particular, it is examined whether there is a link between the degree of extroversion 
of an economy and the four factors that make up the digital ranking of the country. This 
approach is based on quantitative data for the 27 countries of the European Union for the 
2017–2022 period, as the literature review revealed that similar attempts have been made 
with qualitative survey data, but either quantitative data were not used, they were not based 
on internationally accepted indicators, or there was the wide retrieval of quantitative data 
from a multitude of countries. 

Next, the added value of the present research, apart from describing the current situa-
tion of the Greek economy in terms of digital maturity and export trade, lies in identifying 
the weaknesses of the structure of Greece’s foreign trade, highlighting new challenges due 
to the digital transformation of Greek business and suggesting the digital practices that can 
be an enhancing factor in Greece’s foreign trade.

3.1 Mapping the Digital Status of Greece 

By way of introduction, a survey conducted by the National Documentation Centre 
(2021) highlights the extent and intensity of the impact of the pandemic on Greek business 
activities (90% of businesses were affected by the pandemic, 22% to a significant extent). 
Furthermore, according to the findings, it appears that there are no differences in terms of 
the size of these enterprises (micro-small, medium, or large) nor in terms of the main sec-
tor of their economic activity (industry and services). However, no results are presented in 
a higher classification (single or double-digit) by the economic activity sector. Subsequent-
ly, differences in intensity are noted by geographical region, with Crete and the Aegean 
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Islands being the most affected. Importantly, the main strategy adopted to deal with the 
impact of this phenomenon is the adoption of developmental practices, with an emphasis 
on digital transformation (National Documentation Centre, 2021).

Figure 1 shows the ranking of European Union countries according to DESI in 2022. 
What can be observed is that Greece ranks among the EU’s laggards in terms of digital 
maturity, occupying 25th position out of 27 EU countries with a score of 38.9%, compared 
to the EU average of 52.3%. In fact, looking at the individual indicators, it can be observed 
that Greece is in an even worse position in terms of Digital Public Services compared to 
the EU, with a score of only 9.85% compared to the EU average of 16.8%. Regarding Digital 
Technology Integration, Greece’s share is 6.66% compared to 9.02% in the EU, indicating 
that the Greek economy is lagging behind in this indicator. Regarding the factor of Con-
nectivity, Greece achieves a rate of 12.4% compared to 15% in the EU. Finally, regarding 
Human Capital, Greece has the lowest deviation, with a rate of 10% compared to 11.4% in 
the EU. Overall, what should be noted is the fact that Greece lags behind the EU in terms of 
digital maturity, both overall and in individual factors, but this lag is smaller in the Human 
Capital factor, while it achieves the best performance in the Connectivity factor.

Figure 1. DESI for EU countries in 2022
Source: European Commission (n.d.), DESI (n.d.)

Table 1 presents the evolution over time of the DESI and the main individual actors 
that constitute it. What can be observed is that DESI shows a steady upward trend over 
time, with a value of 22.4% in 2017, which is continuously improving; for 2022, its value is 
38.9%. What should be noted is that for 2017–2019, the change in the index was positive 
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by 14.17%, while for 2020–2022, the change was significantly more pronounced, as DESI 
improved by 41.2%. This indicates that the emergence of the pandemic significantly accel-
erated the process of digital transformation.

Table 1. DESI for Greece for the 2017–2022 period

2017 2018 2019 2020 2021 2022
% change
2017–
2019

% change
2020–
2022

Human 
Capital

9.05 8.94 9.13 9.60 10.25 10.03 0.93 4.46

Connectivity 3.16 3.35 4.07 4.78 7.77 12.39 28.54 158.99

Integration 
of Digital 
Technology

4.14 4.56 4.97 5.05 5.50 6.65 20.17 31.76

Digital 
Public 
Services

5.99 6.67 7.34 8.12 8.97 9.84 22.43 21.15

DESI Total 22.4% 23.5% 25.5% 27.6% 32.5% 38.9% 14.17% 41.20%

Source: European Commission (n.d.), DESI (n.d.) 

Then, observing each factor separately, it can be seen that the Human Capital factor tra-
ditionally presents the largest share in the composition of the index. In fact, what should be 
noted at the same time is that, over time, this factor shows the lowest improvement (almost 
stable) compared to the other factors, except in 2018, where it shows a marginal deteriora-
tion. As for the Connectivity factor, it is noted that it is the lowest factor, particularly for the 
2017–2019 period, with a rate of only 3.16% for 2017. However, for the 2020–2022 period, 
a very significant improvement is observed, as in 2022 the value of the indicator reaches 
12.39%, marking an improvement of 158.99% (2020–2022). Regarding the Integration of 
Digital Technology factor, it is noted that it contributes the lowest percentage to the DESI. 
It also traditionally improves over time, but in the 2020–2022 period the improvement was 
more pronounced. Finally, the Digital Public Services indicator for 2017 reached a value of 
5.99%, while it reached a value of 9.84% for 2022; therefore, it improved over time, but for 
the 2017–2019 period it improved more strongly.

In summary, the changes in the individual factors are more pronounced in the 2020–
2022 period, which indicates that the emergence of the pandemic contributed decisively 
to the acceleration of the adoption of digital practices. This is especially pronounced in 
the Connectivity factor, which shows the highest sensitivity, in contrast to Human Capital 
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which, although it now contributes a higher percentage, has remained almost neutral since 
the emergence of the pandemic. This is due to the way that the indicator is compiled, and 
indicates that significantly more time is needed for investment to pay off in terms of the 
change in digital maturity.

Table 2 presents a comparison of DESI and its four individual factors for the EU and 
Greece over time. What can be observed from the comparative presentation is that Greece 
is consistently below the EU average, even though its digital maturity is improving. In more 
detail regarding the individual factors, it should be noted that, as far as Human Capital is 
concerned, the lag from the EU is very small, which means that Greece seems to maintain 
a satisfactory level of digital maturity concerning this factor. Then, the gap for the Connec-
tivity factor is much more significant, as for 2017 Greece showed 3.17%, almost half that 
of the EU (6.19%). Connectivity is improving over time in both cases; however, in Greece, 
this improvement is more significant. Regarding the Integration of Digital Technology, it 
is observed that both in the EU and in Greece it is improving; however, in the EU it is 
improving more strongly. Finally, Digital Public Services show a significant lag for Greece 
compared to the EU, which indicates that the Greek economy has particular weaknesses in 
the adoption of digital practices in public services.

Table 2. DESI and its constituent factors for the EU and Greece (2017–2022)
2017 2018 2019 2020 2021 2022

EU EL EU EL EU EL EU EL EU EL EU EL

HC 10.38 9.05 10.45 8.94 10.71 9.14 10.99 9.61 11.16 10.25 11.44 10.03

Con 6.19 3.17 6.65 3.35 7.65 4.07 8.78 4.79 11.07 7.78 14.98 12.39

IDT 5.46 4.14 6.14 4.56 6.73 4.98 7.32 5.05 8.18 5.50 9.02 6.66

DPS 11.68 6.00 12.68 6.67 13.55 7.34 14.58 8.13 15.79 8.98 16.84 9.85

DESI 33.72 22.36 35.92 23.53 38.64 25.53 41.67 27.57 46.20 32.51 52.28 38.93

Source: European Commission (n.d.), DESI (n.d.) 

Figures 2–5 graphically illustrate the data in Table 2, specifically presenting the evolu-
tion over time of the factors that make up DESI for the 2017–2022 period for Greece and 
the EU.
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Figure 2. DESI by Human Capital for the EU and Greece (2017–2022)
Source: European Commission (n.d.), DESI (n.d.)

Figure 3. DESI by Connectivity for the EU and Greece (2017–2022)
Source: European Commission (n.d.), DESI (n.d.)

Figure 4. DESI by Integration of Digital Technology for the EU and Greece (2017–2022)
Source: European Commission (n.d.), DESI (n.d.)
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Figure 5. DESI by Integration of Digital Technology for the EU and Greece (2017–2022)
Source: European Commission (n.d.), DESI (n.d.) 

3.1.1 The Greek reality in terms of key R&D indicators

In the following section, the current situation of the Greek economy in the field of 
R&D is presented. This analysis presents the ranking of Greece compared to the other EU 
countries, the evolution of R&D expenditure in the Greek economy over time by sector of 
execution for the 2017–2021 period, and the R&D intensity indicator for the 2017–2021 
period by geographical region.

Table 3 shows the ranking of countries by the level of R&D expenditure for 2021. It 
can be seen that Greece is ranked 15th, with an amount of €2,635.2 million. Among the 
leaders in absolute terms, Germany is ranked 1st with €112,850 million, France is 2nd with 
€55,317.1 million, and Italy is 3rd with €26,516.9 million. Next come the Netherlands, Swe-
den, Spain, Austria, Belgium, Denmark, Finland, the Czech Republic, Ireland, Portugal, 
and the Netherlands. Croatia, Lithuania, and Estonia are ranked below Greece and at the 
bottom of the list.
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Table 3. R&D expenditure (in million €) in Greece and EU27 countries, preliminary data 
from 2021

EU Member States
R&D
(million €)

EU Member States
R&D
(million €)

Germany 112,850.0 Greece 2,635.2

France 55,317.1 Hungary 2,531.1

Italy 26,516.9 Romania 1,141.2

Netherlands 19,316.0 Slovenia 1,117.0

Sweden 18,033.1 Slovakia 918.4

Spain 17,249.3 Luxembourg 739.4

Austria 12,951.8 Croatia 725.1

Belgium 16,151.9 Lithuania 622.4

Denmark 9,470.6 Estonia 551.0

Poland 8,252.9 Bulgaria 549.1

Finland 7,491.1 Latvia 232.2

Czechia 4,755.5 Cyprus 208.0

Ireland 4,501.5 Malta 95.0

Portugal 3,564.9

Source: Eurostat (n.d.-a)

Next, Figure 6 shows R&D expenditure as a percentage of GDP for 2021. This is consid-
ered a more representative indicator, as it takes into account not only absolute expenditure 
but also the economy of each country. As far as Greece is concerned, it shows 1.45% in the 
R&D intensity index, and its ranking remains the same, in 15th place. However, there is 
a change in the leading countries, as Sweden ranks 1st with 3.36% (5th in absolute R&D 
expenditure), Belgium 2nd with 3.32% (8th in absolute R&D expenditure), and Austria 
3rd with 3.19% (7th in absolute R&D expenditure), while Germany ranks 4th with 3.13%. 
This is followed by Finland, Denmark, the Netherlands, France (2nd according to Table 3), 
Slovenia, the Czech Republic, Estonia, Portugal, Hungary, and Italy (3rd in absolute R&D 
expenditure), while Bulgaria, Latvia, Malta, and Romania rank at the bottom.
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Figure 6. R&D expenditure as a percentage (%) of GDP in Greece and EU27 countries, 
preliminary data from 2021

Source: Eurostat (n.d.-a)

Table 4 shows R&D expenditure in the Greek economy by sector of execution for the 
2017–2021 period. It should be noted that the Business Enterprise Sector (BES) shows 
the highest intensity over time in terms of expenditure levels – around 47.3% on average 
(Figure 7). The BES sector shows the same change for both the pre-pandemic and post-
pandemic periods, suggesting a low degree of sensitivity. The tertiary and postsecondary 
education (HES) sector is the second-most intensive in terms of expenditure, at an average 
of 29.9% (Figure 7). The HES sector shows an increase of 24.13% for the 2017–2019 pe-
riod, but remains stagnant for the 2020–2021 period. Then, the Government Sector (GOV) 
comprises 22.1% on average (Figure 7), ranking third in terms of the intensity of R&D 
spending. In this case, the change for the 2017–2019 period is positive by 16.14%. For the 
2020–2021 period it is again positive, but at a much lower rate of 7.77%. Finally, the Private 
Non-Profit Institutions (PNP) sector shows very low R&D expenditure, contributing only 
0.8% to total expenditure.
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Table 4. R&D expenditure by sector of implementation (in million €), 2017–2021
R&D expenditure 
by implementing 
sector

2017 2018 2019 2020 2021 % change 
2017-2019

% change 
2020-2021

Country total 2,038.4 2,179.3 2,337.7 2,494.2 2,635.2 14.68% 5.65%

BES 994.0 1,049.5 1,077.9 1,149.9 1,245.2 8.44% 8.29%

GOV 451.1 488.1 523.9 537.2 579.0 16.14% 7.77%

HES 576.9 618.6 716.1 792.6 795.8 24.13% 0.40%

PNP 16.4 23.1 19.8 14.5 15.2 20.43% 5.12%

Source: National Documentation Centre (2022); https://metrics.ekt.gr/research-development/datatables

In summary, R&D expenditure for the whole 2017–2021 period shows an upward 
trend, which is more pronounced for the 2017–2019 period. At the same time, the BES 
sector, which is the main sector in terms of its contribution to the total, shows no variation 
due to the occurrence of the pandemic, suggesting that R&D-related expenditure is largely 
inelastic, unlike the HES sector, where expenditure is highly sensitive.

Figure 7. Structure of R&D expenditure in Greece by sector of implementation 
(2017–2021)

Source: National Documentation Centre (2022)

Table 5 shows R&D expenditure for the 13 NUTS2 regions of Greece for 2017–2020. 
First of all, it should be noted that Greece has been increasing its R&D expenditure 
throughout the period under consideration; in fact, for 2020 (with 2017 as a base year), it 
increased by 22.4%. Moreover, as regards the R&D intensity indicator, there has been an 
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improvement over time, with the highest value of 1.51% in 2020. It should be noted that 
this indicator reflects the actual improvement in terms of R&D, as both absolute expendi-
ture and the GDP of the country improve for the years 2017–2019; however, for 2020, the 
most pronounced improvement of the indicator is due to the increase in R&D expenditure 
on the one hand and the decrease in GDP on the other.

Table 5. R&D expenditure in Greece by regions (2017–2020, in million €)

R&D by region 2017 2018 2019 2020 % change 
2017–2020

GDP 176,903.40 179,557.70 183,250.40 165,326.40 ---

Greece 2,038.430 2,179.310 2,337.66 2,494.20 22.4%

R&D Index 1.15% 1.21% 1.38% 1.51% ---

Attika 1,242.3 1,333.9 1,428.4 1,475.5 18.8%

Central 
Macedonia 280.9 276.1 282.6 311.8 11.0%

Crete 128.8 133.4 140.6 153.7 19.3%

Western Greece 106.8 104.4 113.0 118.7 11.1%

Thessaly 60.0 74.7 90.0 104.5 74.1%

Epirus 58.5 52.7 59.0 63.3 8.3%

East Macedonia 
and Thrace 49.2 51.2 54.5 65.0 32.2%

Central Greece 37.9 42.4 55.5 71.2 87.9%

Peloponnese 24.7 51.7 51.9 60.8 146.0%

North Aegean 16.7 16.8 18.3 20.6 22.9%

Western 
Macedonia 14.3 19.3 16.3 20.2 41.3%

South Aegean 10.6 11.8 14.7 14.8 39.9%

Ionian Islands 7.7 10.9 12.8 14.1 82.3%

Source: Eurostat (n.d.-a)

Then, based on the regional approach, it can be seen that in terms of absolute expendi-
ture, the region of Attica ranks first, with €1,242.3 million for 2017 and €1,475.5 million 
for 2020, i.e., an increase of 18.8%. Central Macedonia is in 2nd place, with a much lower 
absolute expenditure of €280.9 million for 2017, rising to €311.8 million for 2020. This is 
followed by the 3rd place region of Crete, with €128.8 million for 2017 and €153.7 mil-
lion for 2020, which is followed in order by the regions of Western Greece, Thessaly, Epi-
rus, East Macedonia and Thrace, Central Greece, Peloponnese, the North Aegean, West 



The Digital Transformation of Enterprises as a Lever to Enhance Extroversion of Foreign Trade: the Case of Greece404

Macedonia, the South Aegean, and lastly, the Ionian Islands. What should be noted in 
terms of the improvement in the R&D expenditure of the regions is that all regions are 
improving their R&D expenditure; however, some are improving much more significantly. 
In fact, lower-ranked regions show a higher increase in absolute R&D expenditure. In par-
ticular, Thessaly shows an increase of 74.1% in R&D expenditure, Central Greece 87.9%, 
and Peloponnese 146%. In contrast, Attica and Central Macedonia increased by 18.8% and 
11%, respectively. 

Table 6 presents the R&D intensity index as a percentage (%) of GDP for each region 
of Greece (by NUTS2 classification) for the 2017–2022 period. First of all, it should be 
noted that, similar to the absolute R&D expenditure in Table 5, the R&D ratio over time in 
Greece as a whole shows an increasing trend for the entire 2017–2020 period; however, the 
increase is more pronounced in the 2019–2020 period. More specifically, for each region, 
it is observed that Epirus shows the highest value of the index, 0.26 above the average of 
Greece for 2017, while for 2020 it ranks 3rd, showing an increase of 12.6% for the whole 
period. Then Attica, which had a value of 1.47 in 2017, significantly improves its index 
value by 28.6% and ranks first for 2020. A significant improvement is also observed for the 
region of Crete, which improved its ranking by one place (from 3rd in 2017 to 2nd in 2020) 
by obtaining a value of 1.88 in the E7A index for 2020. Then, in order of ranking (based on 
2017), the region of Western Greece follows, followed by Central Macedonia in 5th place, 
East Macedonia and Thrace 6th, North Aegean 7th, Thessaly 8th, Central Greece 9th, and 
West Macedonia 10th, while the last positions are occupied by the Peloponnese, the Ion-
ian Islands, and the South Aegean. What should be noted is that from East Macedonia and 
Thrace onward, there is a very significant deviation from the Greek average in terms of 
R&D index values. Only 5 out of 13 regions are above the average for 2017, while for 2020, 
the number regions with a value above the average reduces to 4.

Table 6. R&D intensity as a percentage of GDP, by region (2017–2020)
R&D intensity as % 
of GDP 2017 2018 2019 2020 % change 

2017–2020

Epirus 1.51 1.34 1.46 1.70 12.6

Attica 1.47 1.56 1.63 1.89 28.6

Crete 1.46 1.48 1.52 1.88 28.8

Western Greece 1.36 1.31 1.39 1.60 17.6

Central Macedonia 1.17 1.12 1.12 1.37 17.1

East Macedonia and 
Thrace 0.72 0.74 0.78 1.00 38.9

North Aegean 0.69 0.68 0.72 0.88 27.5
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Thessaly 0.67 0.82 0.96 1.20 79.1

Central Greece 0.46 0.5 0.65 0.85 84.8

Western Macedonia 0.33 0.46 0.43 0.61 84.8

Peloponnese 0.31 0.64 0.63 0.79 154.8

Ionian Islands 0.25 0.35 0.39 0.50 100.0

South Aegean 0.18 0.19 0.23 0.27 50.0

Greece 1.15 1.21 1.28 1.51 31.3

Source: Eurostat (n.d.-a)

Furthermore, it is observed that the improvement in the index is much more pro-
nounced for the regions ranked at the bottom – for example, the Peloponnese region im-
proved its R&D index by 154%, the Ionian Islands by 100%, and Central Greece and Thes-
saly by 84.8%. However, despite the fact that these regions improved their R&D intensity, 
the deviation from the average in Greece as a whole remains significant, suggesting that 
the specific weight of these regions is relatively low. On the other hand, it is noted that the 
leading regions have improved their values of this indicator, but at much lower rates, while 
for no region was a deterioration observed throughout the period considered.

In summary, it should be noted that there are significant divergences in R&D intensity 
between regions, which, although they seem to be convergent, remain significant. Moreo-
ver, it appears that the more developed regions also show better values for this indicator, 
while the specific weight of the developed regions in relation to the Greek average is also 
higher.

3.1.2 The extroversion of the Greek economy for the 2017–2022 period

Table 7 presents the extroversion of the sectors (Exports/GDP) of the Greek economy 
for the 2017–2022 period. For better presentation of the results, a grouping of individual 
one-digit codes (SITC1) of trade composition into three main sectors is conducted. First, 
it is observed that the Industrial Products sector has a significant specific weight in shap-
ing the extroversion of Greece’s foreign trade over time. In fact, the sector’s extroversion 
formed at 0.070 in 2017,while the following years shows constant improvement. In more 
detail, it can be observed that for the individual groups of the sector (5, 6, 7, and 8), extro-
version improves for the whole period considered.
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Table 7. Degree of extroversion of Greek exports (X/GDP) by sector SITC1 (2017–2022)

2017 2018 2019 2020 2021 2022
% change 
2017–2022

Agricultural Products 0.032 0.034 0.033 0.040 0.042 0.044 30.24

0 Food & Live Animals 0.025 0.026 0.026 0.032 0.032 0.033 31.35

1 Beverages & Tobacco 0.004 0.004 0.004 0.005 0.005 0.006 25.78

4 Oils & Fats 0.003 0.004 0.002 0.003 0.004 0.005 27.37

Raw Materials & Fuels 0.058 0.072 0.066 0.048 0.072 0.106 24.59

2 Non-food raw materials 
other than fuels 0.007 0.008 0.008 0.008 0.010 0.009 41.46

3 Minerals, Fuels, Lubricants 0.051 0.064 0.058 0.041 0.062 0.097 22.15

Industrial Products 0.070 0.078 0.083 0.095 0.103 0.110 47.04

5 Chemical products and 
related products 0.017 0.019 0.022 0.031 0.031 0.029 79.37

6 Industrial goods 0.026 0.029 0.027 0.030 0.034 0.039 30.92

7 Machinery & Hardware 0.015 0.016 0.017 0.020 0.021 0.024 46.42

8 Miscellaneous manufac-
tured goods 0.012 0.013 0.016 0.015 0.016 0.018 36.16

Source: Eurostat (n.d.-a) 

Regarding the Raw Materials & Fuels sector, on the one hand it shows a lower specific 
weight than the previous sector. On the other hand, there is a significant improvement in 
extroversion from 0.058 in 2017 to 0.106 in 2022, with the exception of the deterioration to 
0.048 in 2020. At the same time, it is clear that Group 3 (Minerals, Fuels, Lubricants) is the 
one that determines the sector’s extroversion to a greater extent. 

Finally, the Agricultural Products sector has the lowest specific weight in Greek ex-
ports, while it appears that Food & Live Animals is the main group in the composition 
of the sector. It is noted that the degree of extroversion of the sector and of the individual 
groups improves over time, but for the 2019–2020 period it improved more strongly.

Overall, what should be noted is that all three foreign trade sectors with their constitu-
ent subgroups shows a significant improvement in extroversion for the 2017–2022 period, 
to a greater extent than in the other periods. For the 2018–2019 period, there is a stabili-
zation of the degree of extroversion, and in some cases a marginal improvement: for the 
2020–2021 period, the Raw Materials & Fuels sector initially deteriorates and then im-
proves, while the other sectors with their individual groups essentially improve.

Table 8 presents the specific weights of the sectors of Greece’s export trade in a one-
digit classification (SITC1). It should be noted that industrial products, in the case of Greek 
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exports, have the highest specific weight as they constitute 47.6% of export trade transac-
tions. Group 6 makes the largest contribution to the sector, accounting for 35% of exports. 
Then, the Raw Materials & Fuels sector is ranked second in terms of specific weight, since 
it represents 32.9% of transactions, with Group 3 being the most important in the sector 
(86.5%). Finally, the Agricultural Products sector occupied 19.5% of exports. Over time, 
this sector has become more stable, with an upward variation in 2020.

Table 8. Special weight of Greek exports (X/Total X) in single-digit breakdown by SITC1

2008 2017 2018 2019 2020 2021 2022 average

Agricultural Products 19.5 19.9 18.4 18.0 22.1 19.2 16.9 19.5
0 Food & Live Animals 75.4 77.3 76.4 80.4 79.5 77.9 76.0 77.8
1 Beverages & Tobacco 15.4 12.7 12.0 12.5 11.9 12.2 12.6 12.8
4 Oils & Fats 9.2 10.1 11.7 7.0 8.6 9.9 11.5 9.4
Raw Materials & Fuels 26.2 36.3 39.1 36.4 26.4 33.3 40.8 32.9
2 Non-food raw materials 
other than fuels 15.5 12.6 10.7 12.2 15.8 14.3 8.8 13.5

3 Minerals, Fuels, 
Lubricants 84.5 87.4 89.3 87.8 84.2 85.7 91.2 86.5

Industrial Products 54.3 43.8 42.6 45.6 51.6 47.5 42.3 47.6
5 Chemical products and 
related products 21.6 24.8 24.9 27.0 32.3 30.2 26.4 26.8

6 Industrial goods 37.6 37.4 37.4 33.1 31.2 33.3 35.5 35.0
7 Machinery & Hardware 22.4 20.8 20.9 20.9 20.9 20.7 21.7 21.1
8 Miscellaneous manufac-
tured goods 18.5 17.1 16.7 18.9 15.6 15.8 16.4 17.1

Source: ELSTAT (n.d.)

In summary, it should be noted with regard to the specific weight of sectors and in-
dividual groups that over time there is a stable distribution of export trade flows, which 
seems to change somewhat during the pandemic period, but then there is a clear tendency 
to return to pre-COVID-19 levels. Moreover, it is noted that Greece appears to have a high-
er specific weight of exports in low value-added and labor-intensive sectors. In contrast, it 
has a lower specific weight in high value-added and capital-intensive sectors.

3.2 The adoption of new digital practices as a factor in enhancing extroversion

In this section, linear correlation relationships between the variables under considera-
tion are investigated by conducting data panel analysis using the E-Views software. Panel 
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data regression gives the opportunity to control dependencies of unobserved, independent 
variables on the dependent variable. Specifically, in order to investigate the extent to which 
the digital ranking of a country can contribute to changes in extroversion, data on exports, 
GDP, and the DESI index from the 27 countries of the European Union for the 2017–2022 
period are taken. The main research question is: To what extent can the adoption of new 
digital practices be a supporting factor in shaping a country’s extroversion? Next, the null 
hypothesis (H0) is posed as follows:

• H0: “The digital ranking of an economy cannot be a supporting factor in its extro-
version in terms of trade.”

With the corresponding alternative (H1):
• H1: “The digital ranking of an economy can be a supporting factor in its extrover-

sion in terms of trade.”
Then, to test the null hypothesis, multiple regression is conducted in which the de-

pendent variable is defined as the degree of extroversion of an economy (X/GDP) and the 
four independent variables are the four factors that compose DESI, namely Human Capital 
(HC), Connectivity (CON), Integration of Digital Technology (IDT), Digital Public Ser-
vices (DPS).

The results are presented in Table 9, and what should be noted first of all is that the 
value of the significance statistic F is considered statistically significant at 0.000981, hence 
we can proceed to further analysis. By examining the R2 = 0.127258, it is found that the 
explanatory power of the model is low, which is confirmed by the adjusted R2, which takes 
a value of 0.101399. As mentioned above, the sample size consists of 140 observations (27 
EU countries and the EU as an individual, for the five years of 2017–2022). Looking at the 
values of each factor separately, it should be noted that the p value for the three factors, 
HC, CON, and IDT, is greater than 0.05% (marginal value for IDT = 0.065). Subsequently, 
these factors are not considered statistically significant and do not contribute to the ex-
planatory power of the model. For DPS (p = 0.0037, i.e., <0.05), it is found to be statistically 
significant and is the main determinant in the interpretation of the model. Essentially, the 
interpretation of the DPS coefficient reveals the positive correlation between the depend-
ent and independent variables and implies that a 1% change in the DPS factor can change 
the dependent variable by 4.2367%. 
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Table 9. Multiple Regression and variance results for testing the null hypothesis (H0)

Source: European Commission (n.d.), DESI (n.d.), Eurostat (n.d.-a) 

Finally, by examining the degree of correlation in Table 10, it is noted that there is a 
very low degree of correlation between the dependent variable and independent variables 
HC, CON, IDT (value of <0.3), which confirms that no correlation, or at least no linear 
correlation, is evident. On the contrary, for the DPS index (value of 0.3177, i.e., >0.30), it is 
observed that there is some degree of correlation, however low.
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Table 10. Multiple Regression and variance results for testing the null hypothesis (H0)

Source: European Commission (n.d.), DESI (n.d.), Eurostat (n.d.-a) 

The findings of the research to a certain extent reinforce the results of corresponding 
research in the literature. For example, Skare et al. (2023) reported that a high level of digi-
tal ranking seems to present better crisis management conditions, better funding opportu-
nities, and easier access to new markets. Correspondingly, from the above study there are 
indications that funding and investment in R&D spending have an impact on shaping the 
extroversion of an economy. Moreover, as indicated by Jurčević et al. (2020), countries with 
low digital ranking indices that are below the EU average in terms of digital transformation 
have weaknesses in macroeconomic aggregates, unfavorable trading conditions and low 
competitive advantages in their trade.

In summary, it should be noted that in light of the data and the results obtained through 
the hypothesis testing carried out, there is insufficient evidence to reject the null hypothesis 
for the three factors of HC, CON, and IDT. However , the null hypothesis is rejected for 
the DPS factor. Therefore, what emerges is that the digital ranking of an economy in terms 
of the public sector factor can influence changes in its extroversion and thus contribute 
positively to the growth of its external trade.
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4. Conclusions and Proposals

In summary, it should be noted, concerning the change in digital maturity in the case 
of the Greek economy, that the emergence of the pandemic seems to have had a significant 
and positive impact on the adoption of digital practices. Of course, it should be noted re-
garding the structure of the digital maturity index that, for the case of Greece, all factors 
except Human Capital are particularly sensitive for the 2019–2022 period, unlike the Hu-
man Capital index which shows stability over time. This fact indicates that investment in 
the improvement of digital maturity indicators, on the one hand, requires a different time 
horizon per indicator to perform accordingly. On the other hand, it identifies the deeper 
changes on which the country should focus to keep up with European standards. Finally, 
it is clear that the impact of the pandemic restrictions, the introduction of distance trans-
actions, and the introduction of new service practices without physical presence forced 
the Greek economy to improve twice as rapidly as the EU average – not because of the 
additional infrastructure, but mainly because of the significant lag in the previous period.

At the same time, it is noted that in both DESI and the Digital Transformation Score-
card, Greece lags behind its European partners in most areas related to digitization and 
digital workforce training, while it scores relatively highly in individual indicators related 
to businesses. The gradual increase in their digital maturity and the decrease in their dis-
tance from the European average is encouraging, and may indicate that Greek enterprises 
have already started their digital transformation. As regards the regional approach, the 
existence of significant differences in R&D intensity between regions is reported. Although 
they seem to be converging, these differences remain significant. The formulation of re-
gional development policy, which has secured co-financed funds to support similar activi-
ties in the less developed regions, seems to have helped in this direction. Clearly, there is 
much room for improvement, as it is clear from the analysis that the more developed re-
gions have better values for this index and that the specific weight of the developed regions 
in relation to the Greek average is also greater.

Next, it is clear that the rapid speed of technological change combined with Greece’s 
low digital maturity creates an urgent need for the country to act immediately on multiple 
axes, in a synchronized manner, and within a limited time horizon, through the implemen-
tation of a holistic digital approach. Steps have already been taken in this direction, such 
as the important technological solutions developed very rapidly by the Ministry of Digital 
Governance to deal with the consequences of the COVID-19 pandemic. Therefore, it is 
crucial to formulate an immediate, coordinated, and organized approach through which 
Greece will be able to accelerate its digital transformation, thus improving its position in 
technology and innovation-related indicators.

In fact, given its low digital performance, Greece lacks valuable time to implement 
gradual and evolutionary digital strategies, as other digitally developed countries (e.g., 
Norway, Finland, the UK, etc.) have done. These countries started their digital transfor-
mation several years ago, when the pace of technological developments was still slow, by 
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implementing incremental steps that were periodically redefined to meet their changing 
national objectives and incorporate emerging digital technologies.

Next, with regard to the extroversion and specific weight of groups and individual 
industries, a stable allocation of export trade flows over time is shown, which seems to 
change somewhat during the pandemic period, but then there is a clear tendency to return 
to pre-COVID-19 levels. Moreover, it is noted that Greece appears to have a higher specific 
weight of exports in low-value-added and labor-intensive sectors, while in contrast, it has a 
lower specific weight in high-value-added and capital-intensive sectors. This fact explains 
to a certain extent one of the long-standing intersectional problems of the Greek economy, 
the so-called twin deficits,1 as the deviation in the specific weight of high-value-added sec-
tors may aggravate the already existing situation as, according to international literature, 
twin deficits are expected to remain high in 2022.

This work has a number of limitations. In principle, the data obtained refer to the 
2017–2022 period, while there can be no data behind this period as the indicator has been 
transformed and applied uniformly for the EU from 2017 onwards. So, there is no histori-
cal data and no data from third countries. In addition, it is accepted that the digital ranking 
of a country also reflects the digital status of businesses, but this sometimes differs due to 
the presence of international enterprises, which incorporate high digital transformation 
practices in their business operation in countries with low digital rankings for other rea-
sons, such as low tax burden, cheaper labor, cheaper raw materials, etc. 

Of particular interest for future research is the examination of other macroeconomic 
aggregates in relation to a country’s digital ranking indices, as well as the study of foreign 
trade policy formulation in relation to the degree of digital transformation. Another re-
search approach could investigate the correlations between countries with a high degree of 
trade connections and their level of digital ranking.

In conclusion, digital technologies are radically changing all sectors of the economy, 
as the implementation and adoption of digital practices and the development of digital 
skills are no longer optional actions for businesses but key factors for survival. From the 
empirical results of the present research, it is evident that the degree of adoption of digital 
practices in the Greek economy, as far as the public sector is concerned, can be a decisive 
factor and a springboard for the strengthening of foreign trade in the Greek economy. 
The importance of this situation has even been recognized by the EU, which has already 
had a specific strategy for digitizing European industry since 2016 (Digitizing European 
Industry-DEI Strategy). This strategy aims to strengthen the EU’s competitiveness in digi-
tal technologies and ensure that all European economic sectors will be able to take full 
advantage of digital innovations.

1 Twin deficits can occur both in periods of increasing domestic economic activity and in periods of contrac-
tion. In the first case, the dominant factors are the increase in domestic demand (partly based on fiscal expan-
sion) and low competitiveness; in the second case, the decline in exports is dominant (with fiscal expansion 
holding back recession to some extent) (Magoulios, 2007).
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