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Abstract 
 

 The goal of this paper is first to evaluate the development of the digital eco-
nomy of Europe and its macroregions over the past decade, then to map how 
strongly selected factors have influenced these changes. Research based on the 
revealed comparative advantage (RCA) approach between 2009 and 2018 was 
primarily conducted at the level of Europe’s main macroregions. Analysis of 
three most significant global economic leaders shows that China is overtaking 
Europe’s position in the digital economy. Europe’s regional aspects are an im-
portant negative cause of this development, with these regions exhibiting four 
different models of how RCA changes. After breaking down RCA development, 
shift-share analysis revealed that global influences, working as exogenous factors 
for increasing competitiveness, contribute the most to digital economy competi-
tiveness. In second place, the economies’ competitiveness is influenced endoge-
nously by their institutional framework, which shapes the factor concerning 
regional characteristics that affect all sectors. 
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Introduction 
 

 The second decade of the 21st century is associated with the introduction of 
global strategic discourse tied to a vision of Industry 4.0, and the Fourth Indus-
trial Revolution, respectively. The product of the Fourth Industrial Revolution is 
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a digital economy based on digitizing production processes and robotic equipment, 
digitizing services, and connecting the digital virtual world with the real world – 
with trends directed at cyber-physical production systems and an internet of 
things (Barbosa et al., 2019; Sanghavi et al., 2019). Building effective digital 
economy infrastructure is considered to be a basic condition for improving inter-
national competitiveness and for eliminating regional differences (Balcerzak and 
Pietrzak, 2017). The digital economy is changing society as a whole. It is impos-
sible to ignore this. This issue, or the dynamics of its development, is what will 
decide the success or failure of national and regional economies. Therefore, its 
concept must be included in development strategies, which should be developed 
and adopted with the consent of societal partners – the government, employers, 
and unions (Mas and Gomez, 2020). 
 In a globalized, intensely interconnected world, it will be necessary to realize 
that economic success takes place in a highly competitive environment (Yalcin-
kaya et al., 2015). Not only building effective digital economy infrastructure but 
also primarily using it effectively in all types of production and services will 
make it possible to change individual players’ relative positions (Witt and Gross, 
2020). At the same time, it is clear that a range of factors influence how results 
are achieved. In order to create growth-enhancing development strategies at the 
Europe-wide and national levels, it is vitally necessary to have access to infor-
mation about positioning within the global economy – its current state and 
alteration, or respectively, global economic dynamics and trends (Safiullin and 
Salahieva, 2015). Moreover, this information must primarily be from the per-
spective of the digital economy. 
 The goal of this paper is therefore to evaluate both how the position of Eu-
rope’s digital economy and those of its regions have been evolving over the past 
decade as well as to map how strongly selected factors have influenced these 
changes. It is also concerned with positioning from the perspective of revealed 
comparative advantage, newly reworked to include the indicator of digitally-
deliverable services in reaction to technological, economic, and social changes 
related to the Fourth Industrial Revolution. Considering the research goal, the 
following questions stand out in particular: 

1. How is Europe's position changing in relation to the world's largest econo-
mies and what influences these changes at most? 

2. What distinguishes the development of competitive advantage in Euro-
pean macro-regions and which factors can be identified as the causes of these 
differences? 

3. Which factors and how do they influence the development of the digital 
economy at the level of European countries? 
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 It should also be noted that the changes coming with the Fourth Industrial 
Revolution, in particular the digital economy and digitized processes, are currently 
gaining momentum thanks to the COVID-19 pandemic. In this context Roese 
(2021) therefore, makes the following appeal: “Subjects without robust internet 
access are being left behind academically and economically. We have a moral 
imperative to ensure everyone can be part of the Fourth Industrial Revolution.” 
 
 
1.  Literature Review 
 
 The issue of the Fourth Industrial Revolution and expanding the digital eco-
nomy is entirely interdisciplinary in nature, due to its impact on practically all of 
society. However, it has not as yet been clearly and universally defined (Schor, 
2017; Kristoffersen et al., 2020); consequently, it has been examined from many 
perspectives in academic literature. Even before its actual advent and expansion, 
Malecki and Moriset (2008) predicted that extremely dynamic growth and the 
volatility of digital technology would complicate economy management and 
simultaneously create a space where unequal division of access to digital envi-
ronment, tools, information, etc. would cause fundamental problems. Today, it 
can be said in hindsight that these words have essentially been confirmed. 
 
1.1.  State of Knowledge 
 
 A number of studies have focused on the issue of institutional transformation 
of the economy, which currently consists mostly of the need to revise legislation 
that has fallen behind the times. In most countries, the institutional framework 
has been established on the traditional economic model, with clearly defined 
bilateral relationships between players; therefore, it is not good at adequately 
regulating the new system that has been realized in the digital environment 
(Garben, 2019). In this sense, studies have most often focused on dealing with 
taxation issues (Noonan and Plekhanova, 2020), setting quality standards (Orhan 
and MacIlvaine, 2020), labor law (Yangin, 2020), or other areas, with consumer 
protection, safety and health protections, intellectual property rights, and equal 
opportunities being among those most prominently represented (Lobel, 2016).  
 Other main trends deal with the issue of disrupting the competitive environ-
ment – specifically, market domination and its abuse in certain fields by global 
digital platforms such as Facebook, Google, Amazon, Uber, and Airbnb (Ciriani 
and Lebourges, 2018). Moreover, certain studies have tried to discover new 
modifications of market models that would preserve competition in the digital 
environment (Franc, 2020). 
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 In conjunction with the digital economy, Europe’s academic community has 
been paying marked attention to implementing the Digital Single Market policy, 
which was one of the Juncker Commission’s top 10 priorities for 2014 to 2019 
(European Commission, 2015). However, regarding the agenda’s novelty, these 
studies’ conclusions have so far tended to limit themselves to evaluating goals and 
the methods used to attain them (Renda, 2017) rather than evaluating policy’s real-
world impact on the economy. However, they often point to the fundamental signifi-
cance that regional disparities have for the digital economy’s degree of development 
and regulation; these are the consequences of individual countries’ varying approa-
ches and are considered to be fundamental barriers to the digital economy’s develop-
ment across the European continent (Luis, 2018; Camisao and Guimaraes, 2017).  
 Chiappini (2014) pointed out the significance of differing regional models of 
technological specialization in eurozone countries at the cusp of the millennium. 
Digital competitiveness (Laitsou et al., 2020), i.e., the digital transformation of 
economies or even whole societies (Jurcevic et al., 2020), has become a thorough-
ly legitimate subject when analyzing the positioning of national economies with 
respect to their surroundings. For this, the previously mentioned works have 
used the International Digital Economy and Society Index (I-DESI), whose pur-
pose is to monitor the development of the EU member countries in the area of 
digital competitiveness1 (European Commission, 2020a). The latest results of the 
2020 I-DESI (European Commission, 2020b) show that EU countries outperform 
their global counterparts in digital skills; however, as a group, they lag behind in 
digitizing public services. 
 The I-DESI was also used by Fernandez-Portillo et al. (2020) in their analysis 
of the impact of information and communication technology (ICT) on economic 
growth in EU countries that are currently OECD members. Their empirical re-
sults led to the conclusion that progress in implementing and using digitization 
drives economic growth in the countries analyzed. As to other studies, Min et al. 
(2019), for example, devoted attention to analyzing the effects of ICT – seen as 
the foundation of the Fourth Industrial Revolution – on the machinery and 
equipment industry, which most frequently implements intelligent production with 
the use of digitization, for the leading global economies of the USA, Germany, 
Japan, and China right before the Industry 4.0 vision was introduced. 
 Even taking into account the newness of the subject, there are still too few ana-
lytical studies available offering a more comprehensive solution to the dynamic of 
how competitiveness evolves in relation to the digital economy’s development 
within the main European regions or countries. Additionally, there are no existing 
studies that satisfactorily explain the determinants of these ongoing changes. 
                                                      
 1 First calculated in 2015. 
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Therefore, the ambition of this study is to at least partially fill this niche and thus 
contribute to advancing knowledge in the field of the digital economy’s develop-
ment at the European level. To achieve this, we employed an approach based on 
competitive advantage, in particular, the revealed comparative advantage (RCA). 
 
1.2.  Revealed Comparative Advantage Approach 
 
 Comparative advantage, which is based on the theory by Ricardo, can be inves-
tigated using various approaches. In addition to the method of the domestic re-
source cost ratio, the method of RCA has been being put forward more frequently.  
 At the same time, the method itself has a number of modifications (Vollrath, 
1991). The standard Balassa model (1965) of export RCA, conceived as a loca-
tion quotient, can be considered its first model. Donges and Riedel, (1977) pre-
sented a more complex model, likewise conceived on the basis of a location quo-
tient but including net exports and foreign trade turnover in their comparison, in 
addition to exports and imports. Bojnec (2001), for example, also used another 
RCA modification in his study, which prioritized the Grubel-Lloyd index (1971) 
for evaluating RCA in the field of agricultural production. Mirzaei et al. (2012) 
criticize the asymmetry of Balassa RCA and prefer its symmetrical modification. 
Certain authors implement a combination of RCA models and then describe the 
investigated problem using the results, e.g., Havrila and Gunawardana (2003) 
compare Balassa RCA results with Grubel-Lloyd index results and results from 
the Vollrath model (1991), which introduces the difference between export RCA 
and import RCA as relative trade advantage. 
 One could say, dozens of RCA approaches have developed over the years. 
Sanidas and Shin (2010) discussed some of them and suggest to classify the ap-
proaches into three main classes: (I) trade-cum-production indexes containing 
both of trade and production variables; (II) exports-only indexes containing only 
exports variables; and (III) indices using hypothetical situation such as compara-
tive advantage neutral point. However, Aho et al. (1980), Ballance et al. (1987), 
Sanidas and Shin (2010), Vollrath (1991) and many others propose to prefer net 
variables into consideration, i.e., the class (I) models. 
 It can be said that each of these approaches has its advantages and disad-
vantages. Primarily, the level of complexity, availability of data, clarity, and inter-
pretation’s impact – as well as the actual problem being investigated – all enter 
into play. After considering the pluses and minuses of various models, we selected 
a class (I) model to evaluate the digital economy’s RCA (quantified by the digital 
services indicator, see below) that depicts a country or region’s export attractive-
ness in this field in a relatively illustrative way, without even leaving out imports’ 
significance for economic development – (1), in which case 1;1RCA∈ − .  
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where 
 Xij  – value of exports in USD, 
 Mij  – value of imports in USD, 
 i  – i-th country, or region, 
 j  – j-th product, here digital services. 
 
 The RCA index (1) encompass both supply and demand effects and is, in this 
respect, more consistent with the theoretical concept of comparative advantage 
than single aimed RCA indexes (Vollrath, 1991) – i.e., class (II) and (III) models. 
The extreme negative value indicates the absence of exports in the given country 
or region; conversely, the extreme positive value depicts the absence of imports 
of the given commodity. A prevalence of exports over imports within interna-
tional trade in the digital economy can be seen in the interval (0;1 , and the 

country can be classified as attractive, which shows the revealed comparative 
advantage in the field being investigated. Results in the interval 1;0)−  position 

the country or region as unattractive, without revealed comparative advantage. 
 For the purpose of identifying factors that contribute to achieving RCA, the 
economies’ development underwent in-depth analysis using shift-share analysis 
(Dunn, 1960), specifically, the multi-factor partitioning (MFP) modification was 
used (Ray, 1990). This makes it possible to break down the evolution of the re-
gional indicator – in this case, digital economy turnover or digital services – into 
5 components, see (2), instead of 3 components, which contains the classic shift-
share analysis model. The digital economy turnover or digital services was used 
as the basis for calculating RCA and has the advantage of reflecting the combi-
nation of exports and imports simultaneously.  
 

0t
j jx x NS AE IM RS MR− = + + + +            (2) 

 
where 
 0t

j jx x−   – digital economy turnover over the period <0; t>, 

 NS  – the national component (the influence of the higher-level region), 
 AE  – the allocation component (the influence of the sector’s distribution within 

the higher-level region), 
 IM  – the sector mix component (the influence of the sector’s development in the 

region vs. standardized sector development within the higher-level region), 
 RS  – the regional component (the influence of regional characteristics affecting 

the economy as a whole), 
 MR  – the sector/region interaction component (the influence of regional charac-

teristics affecting only the sector being studied). 
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 Specifically, it is possible to quantify these components using (3) 
 

( ) ( ) ( ) ( )0 0 0 0 0 0ˆ ˆ ˆ ˆ ˆ ˆ ˆ ˆ
m m mt

j j j j ij i ij j ij ij i ji i i
x x x r x r r x r r x r r x r r r r− = + − + − + − + − − +    (3) 
 
where  
 x  – symbolizes the value of the indicator,  
 r  – the relative change in the indicator’s development,  
 i = 1, …, m  – the sector,  
 j = 1, … n  – the region,  
 0  – the first period,  
 t  – the final period,  
 ^  – that the value is standardized. 
 
 One could point out, however, the shift-share analysis, as well as the MFP 
modification employed, has its limits. These limits rest in data standardization, 
level of disaggregation, industrial interaction and policy implications, in particular. 
Ray (1990) provides an extensive discussion about these effects in his seminal 
paper. All at all, the biases in MFP have similar causes as in the case of RCA 
measures – they are based on real-world data which are somewhat influenced by 
market distortions (Vollrath, 1991). 
 

 
2.  Methods and Data 
 
 Regarding the principles of shift-share analysis, which depicts the changes 
between two periods, the average ratio for 2009 to 2013 is considered the begin-
ning period (0), and the final period (t) is the average for 2014 to 2018 (see 
below) for the needs of this paper. It can be assumed that this substitution suffi-
ciently curbs any deviation in values for specific years, thus providing more 
credible information on the indicator’s development over the period as a whole. 
The overall volume of services in the given economy expressed in accordance 
with standard BPM6 (IMF, 2009) is used as the base (∑ i), to which the evolu-
tion of digital services turnover is related. Limiting the economic analysis to the 
area of services is deliberate, because it is precisely on the volume of services 
that the digital economy has entirely unprecedented impact (IMF, 2014). 
 The breakdown concept that was selected satisfactorily eliminated all main 
limitations of the classic shift-share analysis model (Lamarche et al., 2003), spe-
cifically: (I) insufficient division of concurrent effects from the sector mix com-
ponent; (II) arbitrariness in the breakdown; (III) the difficulty in comparing the 
results across various regions and over time; (IV) the difference in weights for 
individual results; and (V) the dependence of the resulting values on the model 
used (Xanthos and Psimarni, 2019). 
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 Digitally-deliverable services, which was proposed and designed as part of 
the Partnership on Measuring ICT for Development, was selected as the indicator 
for evaluating the digital economy (UNCTAD, 2015). Digital services include 
not only two groups of ICT services according to ISIC Rev. 4 (i.e. telecommuni-
cations; computer services including computer software) but also seven categories 
of what are called ICT-enabled services – sales and marketing services; infor-
mation services; insurance and financial services; management, administration, 
and back office services; licensing services; engineering, related technical ser-
vices, and R&D; and education and training services (UN, 2008). 
 ICT-enabled services are considered a quickly growing component of the 
digital economy, offering distinct opportunities for development and increasing 
productivity and competitiveness, which however was previously missing in the 
internationally established definition. Nevertheless, UNCTAD’s technical report 
(2015) recommends to define it as: “ICT-enabled services are services products 
delivered remotely over ICT networks,” whereby they are clearly differentiated 
from services involving the physical movement of goods and people.  
 Thus, digital services and trade in them are an economic component that in-
corporates a distillation of the Fourth Industrial Revolution’s ramifications, 
linked to the digitization of production processes, or respectively, interconnecting 
the digital virtual world with the real world. At the same time, for evaluating RCA, 
both digital service exports, which show this segment’s strength and competitive-
ness vs. the surrounding economies, as well as their imports, which conversely 
indicate the economy’s capacity for absorbing these elements, are important. 
These elements energize the economy during integration into the processes of 
the Fourth Industrial Revolution. 
 This paper is focused specifically on the impact of the Fourth Industrial Revo-
lution. The starting point of its advent, which is usually linked to the presentation 
of the closing report of the German Industry 4.0 platform in 2013 (Kagermann 
et al., 2013), is therefore considered a milestone. The subject of analysis is the 
period of 2009 to 2018 (latest data available in the database UNCTADSTAT, 
2020). In order to identify the Fourth Industrial Revolution’s potential impact, 
the monitored time period is further divided into 2009 to 2013 (uninfluenced by 
the impact of implementing the Fourth Industrial Revolution) and 2014 to 2018 
(potentially influenced). The nonparametric Mann-Whitney U test (for a signifi-
cance level of α = 0.05) was used to depict how the indicators’ development 
differed between the periods. 
 From the perspective of location, the analysis was conducted at the global and 
European levels. At the global level, only the three most important economies 
were examined: China, the USA, and Europe (including Russia). It is necessary 
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to remark that according to the source database (UNCTADSTAT, 2020), this trio 
are the creators of roughly 90% of the digital economy’s volume for the entire 
period of 2009 to 2018.  
 Europe is further analyzed at the level of the main regions (macroregions), 
divided according to the classification used by the CIA World Factbook (2020), 
see Table 1. This classification was chosen because the aim is to affect not only 
EU countries, but processes across all the Europe. Nonetheless, because of an 
absence of data, Iceland, the Netherlands, and Spain have not been included in 
the analysis.  
 
T a b l e  1 

European Macroregions 

Balkans 
Central 

Europe 

Eastern 

Europe 

Northern 

Europe 

Southern 

Europe 

Western  

Europe 

Albania Austria Belarus Denmark Cyprus Belgium 
Bosnia and Herzegovina Czechia Estonia Finland Greece Faroe Islands 
Bulgaria Germany Latvia Norway Italy France 
Croatia Hungary Lithuania Sweden Malta Ireland 
Montenegro Poland Moldova Iceland* Portugal Luxembourg 
North Macedonia 
 

Slovakia 
 

Russia 
  

Spain* 
 

Switzerland, 
Liechtenstein 

Romania Slovenia Ukraine 
  

United Kingdom 
Serbia 

    
Netherlands* 

Note: * Not involved into the assessment. 

Source: Own processing based on CIA (2020). 

 

 This classification was chosen because of its relatively balanced nature, both 
in the number of countries included in the individual macroregions, but also due 
to its general suitability with regards to differentiation in the cultural environ-
ments and the cohesion of supply and demand chains. However, its employment 
brings some limitations. Consider specifically the region of Eastern Europe, 
where the digitally mature Estonia is grouped together with “analogy” economics 
like Belarus and Moldova, one can expect higher level of bias in the results and 
conclusions. 
 Likewise, the analysis offers at least a partial view into the components con-
tributing to the development of the digital economy in individual European 
countries, thereby simultaneously contributing to understanding the trends re-
vealed at the level of both Europe and its macroregions. Within the framework of 
this paper, this part of the analysis, however, is only informative in a supplemen-
tary way; its interpretation is limited to conveying basic findings. However, it is 
significant from the perspective of its conclusions, and it can work as a guide-
post for future directions of this research.  
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3.  RCA Analysis Results at the Global Level 
 
 The first perspective compares the position of Europe to the two largest global 
economies, the USA and China, as this concerns the digital economy’s RCA – see 
Figure 1. The USA continually achieved positive values that exceeded Europe’s 
positive values two times over. While RCA values for both these economies 
grew steadily until 2013, afterwards there was a subsequent drop. Up until 2018, 
the USA surpassed the value it achieved in 2013. Although Europe succeeded in 
turning around a decreasing trend in 2018, it did not reach its 2013 value. In both 
cases, however, this indicates a common evolutionary trend, because based on 
the Mann-Whitney U test, it cannot be said that the development for the periods 
of 2009 to 2013 and 2014 to 2018 differ significantly at a significance level of 
α = 0.05. Using a lower level of reliability for this test (α = 0.10), however, it can 
be said that for the period of 2014 to 2018, Europe’s developmental trend turned 
around, from increasing to decreasing.  
 
F i g u r e  1 

Comparison of the Development of the Digital Economy’s RCA in China, Europe,  

and the USA for 2009 – 2018 

 
Source: Own processing based on UNCTAD (2020). 

 
 China recorded markedly different development for this period, in which the 
trends for 2009 to 2013 and 2014 to 2018 differed significantly (α = 0.05) and 
RCA ranged in negative values, with the exception of 2015 and 2018. Thus, in 
this case, it is clearly possible to speculate about the potential direct impact of 
implementing elements of the Fourth Industrial Revolution. At the same time, 
China strongly attacked the position held by Europe with its positive RCA value 
for 2015. 
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 Considering the share of net exports of digital services in GDP, this increased 
by 0.48 percentage points between 2009 and 2018 in China, while only by 0.39 
in the USA and by 0.38 in Europe. Moreover, while Europe and the USA 
achieved similar growth in both measures – GDP of the USA 1.4 times, Europe 
1.3 times; net exports of the USA 2.2 times, Europe 1.9 times – GDP of China 
grew even 2.7 times and net exports of digital services 3.7 times (UNCTAD, 
2000), i.e., roughly double. 
 Conducted with the help of shift-share analysis, the breakdown of factors at 
a global level (see Figure 2) revealed that the primary cause of China’s con-
trasting development is differences in the effects of regional characteristics (RS). 
Whereas this digital economy growth component slows things down in Europe 
and the USA, it has a dominantly positive influence in China. In itself, the RS 
component reflects regional externalities arising due to the existence of agglome-
ration, the specifics of the labor market, the availability of sophisticated produc-
tion inputs, the political environment, etc. – thus, the most fundamental part of 
regional competitiveness. Similarly, it is possible to point out positive growth 
stimulus by the component for regional characteristics affecting the sector (MR) 
in China, which has practically no effect in Europe and the USA. Because it is 
lesser influenced by global trends (NS), China is relatively independent of the 
development of both world powers, which explains why their RCA trajectories 
take different forms (see Figure 1). 
 
F i g u r e  2 

Breakdown of Digital Economy Growth in China, Europe, and the USA 

 
Source: Own processing based on UNCTAD (2020). 

 
 It is necessary to mention that Europe’s exports and imports also encompass 
– in contrast to the USA and China – individual European countries’ reciprocal 
international trade, which largely and understandably distorts global analysis, 

-200% -150% -100% -50% 0% 50% 100% 150% 200%

USA

Europe

China

AE IM MR RS NS



461 

i.e., it increases the Europe’s weight within the global economy. At the same 
time, it is necessary to notice the relative positions of Europe and China during 
the second period, when China recorded constant RCA growth for its digital 
economy from 2013 up until a year-to-year drop in 2015/2016, which de facto 
displaced Europe from its position.  
 

 
4.  RCA Analysis Results at the Level of Europe’s Macroregions 
 
 Therefore, the change in the digital economy’s RCA was analyzed next for 
both these consecutive five-year periods, i.e., 2009 to 2013 and 2014 to 2018, in 
Europe and in it’s individual macroregions, as depicted in Figure 3.  
 
F i g u r e  3 

Changes in the Digital Economy’s RCA Level in Europe and Its Macroregions 

 
Source: Own processing based on UNCTAD (2020). 

 
 Western Europe did the most towards earning Europe’s positive average 
RCA, with Central and Northern Europe in a far second place. In the first period 
evaluated, Eastern Europe achieved negative RCA values having absolute values 
surpassing those of Western Europe, the second largest negative RCA value was 
reported by Southern Europe, and the Balkans contributed to lowering Europe’s 
overall RCA.  
 In the following five-year period, Europe’s average RCA value decreased. 
The majority of this was due on one hand to Eastern Europe’s ongoing negative 
RCA value (its absolute value still exceeding that of Western Europe’s positive 
value) plus Southern Europe’s negative RCA value and on the other hand, to 
Europe’s RCA being negatively influenced by a decrease in the strongest macro-
region, Western Europe. However, definite positive RCA growth in Central and 
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Northern Europe – in addition to noticeable positive development in the Balkans 
– contributed to mitigating the drop of Europe’s RCA value overall, but was 
unable to prevent it. It is necessary to mention that from the perspective of these 
trends’ statistical significance, there was significant change only for the macro-
regions of the Balkans and Central Europe. The other macroregions exhibited 
gradual evolution; this trend did not undergo significant change over the ten-year 
period. Otherwise, this conclusion is also valid for RCA development at the 
European level overall. 
 For individual years of this decade, Europe’s RCA development roughly 
copied the development of Western Europe, whereas Central Europe’s develop-
ment demonstrated a contrasting tendency: when Western Europe grew, Central 
Europe weakened (the first five-year period), with the opposite happening after 
2013. The recorded correlation coefficient (ρ = –0.89), which is significant even 
at α = 0.01, attests to a strong negative correlation between these two macro-
regions. Northern Europe replaced its growth in the first period with stagnation 
in the second period. Eastern and Southern Europe retained their negative RCA 
values, although these improved their unfavorable positions in part. The Balkans 
showed the most dynamic development, nearly steadily increasing to an RCA 
value of 0.15 in 2018 up from a RCA value of –0.07 in 2009. From the above, 
we can deduce four basic patterns of RCA change experienced by Europe’s 
macroregions during the monitored period, as presented in Table 2. 
 
T a b l e  2 

The Basic Patterns of RCA Change for Europe’s Macroregions 

avg. RCA 2009 – 2013 avg. RCA 2014 – 2018 Change In macroregion 

Positive Positive Decrease Western Europe 
Positive Positive Increase Central Europe, Nothern Europe 
Negative Positive Increase Balkans 
Negative Negative Increase Eastern Europe, Southern Europe 

Note: avg. = average.  

Source: Own processing based on UNCTAD (2020). 

 
 Only Western Europe showed the same type of change, i.e., a decrease, as 
Europe overall, which testifies to its strong position in the digital economy. The 
trend for all the other macroregions is an increasing one, with the difference 
being the average RCA for both periods – whether it stays in the positive range 
(Central and Northern Europe) or negative range (Eastern and Southern Europe) 
or even shows a change from negative to positive RCA values (the Balkans). 
 The shift-share analysis results, conducted using MFP at the level of the main 
European regions, are depicted in Figure 4. They show that in all cases, the do-
minant component is the factor of NS, indicating the positive influence of the 
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higher-level region, i.e., the economy of Europe. Additionally, they show that 
the components of the digital economy’s development differ fundamentally in 
other respects among the macroregions. Deviation from this is mainly seen for 
the macroregions with continuously negative RCA, i.e., Eastern and Southern 
Europe, where the influence of the NS component surpasses the value recorded 
for the other macroregions. Moreover, these macroregions typically are very 
negatively influenced by general regional characteristics (RS), but they also show 
substantial negative influence by sector development (IM) and sector allocation 
(AE). Here, the digital economy sector specifically lags behind the development 
level that can be considered standard for this sector, which could also relate to 
negative influence by AE, which signals that the barrier to the digital economy’s 
development in Eastern and Southern Europe is its share of allocation. Conversely, 
the MR component’s considerable influence is also noticeable here, i.e., regional 
characteristics positively affecting only the digital economy sector. Therefore, to 
a certain degree, the MR component balances out the barriers related to negative 
influences on the sector’s development, but it is also worth noting that this com-
ponent’s influence is practically inconsequential for the other macroregions.   
 
F i g u r e  4  

Breakdown of Digital Economy Growth in European Macroregions 

 
Note: The numbers reported for some variables represent values beyond the visible graph field (this is also used 
below). 

Source: Own processing based on UNCTAD (2020). 

 
 From the perspective of structure, both macroregions partially resemble 
Northern Europe, although they differ in that the factors’ effect is essentially less 
intense. Despite the fact that RCA values for Northern Europe are positive in 
both periods, they are relatively low and growth between the periods was just 

-250%

-564%

366%

744%

-200% -150% -100% -50% 0% 50% 100% 150% 200%

Western Europe

Southern Europe

Northern Europe

Eastern Europe

Central Europe

Balkans

AE IM MR RS NS



464 

minimal. However, the structure of the components for the remaining regions 
can be considered entirely different from the previous ones but similar to each 
other. For the Balkans and Central Europe, RCA grew significantly (at α = 0.05) 
and it was relatively high for Western Europe. Besides the previously mentioned, 
generally dominant influence of NS, it is also possible to point out RS’s positive 
influence in the Balkans, only a little smaller than NS’s influence; Western Europe 
also recorded a somewhat higher RS value. The influence of the other components 
is minimal. It is also necessary to point out the structure of factors for Central 
Europe, where practically 100% of the digital economy’s development is the 
factor of the NS component, thus the European economy’s overall development, 
while the effect of other factors is minimal here.  
 
 
5.  Components of RCA Development at the European Country Level 
 
 With regards to the RCA indicator’s construction and the shift-share analysis, 
it is necessary to take into consideration the size and growth factors of the econo-
mies to which these macroregions belong. Therefore, the analysis was expanded 
to the level of individual countries.  
 
F i g u r e  5  

Breakdown of Digital Economy Growth in Eastern Europe and Southern Europe 

 

Source: Own processing based on UNCTAD (2020). 
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and Russia (in both cases, they averaged more than 60% of the digital econo-
my’s volume in the macroregion for the entire period) are distinguished by rather 
marked dependence on the development of the digital economy in Europe and 
also benefit substantially from the sector’s allocation in their territory. Conversely, 
institutional factors expressed in their regional characteristics distinctly slow 
down their development. For the other countries, the digital economy’s growth 
is spurred on primarily by regional characteristics. In general, however, this 
concerns universal characteristics (RS). Characteristics coming into play only in 
the digital economy sector (MR) are not generally too striking and tend to have 
a negative effect. 
 It is interesting, however, that in the Central European macroregion – with 
comparatively dominant Germany – the growth structure between the individual 
countries does not differ greatly and largely resembles Western Europe’s growth 
structure, which is visible in Figure 6, where the United Kingdom is largest digi-
tal economy with 30% of the volume. Both from the perspective of RCA in both 
the more developed countries of Western Europe and the ones of Central Europe, 
it generally holds that the NS factor’s influence, i.e., external influences arriving 
from the level of the Europe-wide service economy, is the most important posi-
tive growth factor. What has distinctly less influence, despite being the more 
important component, are regional characteristics (RS); these, however, affect 
certain countries positively and others negatively. Only the very specific Faroe 
Islands with utterly inconsequential scope of their digital economy provide an 
exception to these general conclusions.  
 
F i g u r e  6 

Breakdown of Digital Economy Growth in Central Europe and Western Europe 

 
Source: Own processing based on UNCTAD (2020). 
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 Another interesting result is that the countries of the Northern Europe macro-
region – whose digital economy growth structure partially resembles the struc-
ture of the macroregions with negative RCA, i.e., Eastern and Southern Europe – 
have a growth structure conversely tending towards that of the Western and Cen-
tral European macroregions. Only Norway significantly differs in this respect. 
As is further visible in Figure 7, the most complicated situation is that of the 
Balkan countries, which recorded the largest boom in RCA (see Figure 3). Most 
of the countries recorded a growth component structure that tended to be similar 
to the Western/Central/Northern European models, although Albania, Bosnia-
Herzegovina, and Croatia were rather far from this model, for example. Even 
relatively dominant Romania differs in part (in 2009 to 2018, it averaged 35% of 
the Balkans’ digital economy volume). Here, a more significant positive influ-
ence was recorded on behalf of institutional factors, which are expressed by the 
regional characteristics component (RS). Also of note is that certain Balkan 
countries are partially influenced by their share of the digital economy’s alloca-
tion (AE). Conversely, this fact actually reflects the Eastern-Southern European 
growth model instead. 
 
F i g u r e  7 

Breakdown of Digital Economy Growth in Northern Europe and Balkans 

 
Source: Own processing based on UNCTAD (2020). 
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RCA development being determined in a markedly different way. In Europe and 
the USA, RCA values are distinctly influenced by global development in a posi-
tive way, whereas regional characteristics conversely influence the economy in 
a negative way. In China, these two components both have positive impact, with 
regional characteristics in fact having greater weight. Moreover, regional characte-
ristics affecting only the area of digital services improve how China’s RCA posi-
tion is evolving. Thus, Europe’s digital economy RCA is decreasing at the start of 
the Fourth Industrial Revolution, which is a very undesirable phenomenon for di-
gital competitiveness as well as the European economy’s competitiveness overall.  
 Considering the second research question, it should be pointed out that Euro-
pe’s regional aspects have been shown to be an important negative cause of this 
development, with these regions exhibiting four different models of how RCA 
changes. The results of the analysis show a shift of digitally provided services 
from the west of Europe to its southern and eastern parts. The processes de-
scribed thus wipe away regional differences in the area of the digital economy 
and support convergence. However, it is necessary to critically emphasize that 
this is generally not growth convergence, but convergence between European 
regions leading to a deteriorating ranking for Europe on the global scale.  
 From the perspective of breaking down RCA development, shift-share analy-
sis revealed the development of the European economy as a whole was the domi-
nant influence on all macroregions. In other regards, however, there are funda-
mental differences between the macroregions. With continually negative RCA, 
Eastern and Southern Europe are primarily set apart, demonstrating active ne-
gative influence by general regional characteristics, insufficient growth across 
sectors, and the scope of the digital economy’s allocation for both macroregions. 
Conversely, regional characteristics linked only to the digital economy sector 
have a positive effect. Analogous conclusions, albeit with the affecting factors at 
a lower intensity, are then also valid for the region of Northern Europe. From the 
perspective of breaking down the factors’ effect, the macroregions of the Balkans, 
Central Europe, and Western Europe are also similar to one another, although 
quite different from the previous macroregions. Here, the regional characteristics 
in fact have a diminished effect, though they do strengthen RCA.  
 In response to the third research question, concerning the influence of factors 
on the RCA of digital services in particular countries, the analysis suggests: 
(I) The development of the European economy as a whole (NS) has a positive 
effect on national digital economies, but this is not the case of Greece and 
Ukraine. (II) Individual countries are strongly influenced by their regional spe-
cifics (RS); however, only about half of the countries are impacted positively 
(e.g. Greece), while the others examined negative impacts (e.g. Russia and Italy). 
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(III) The remaining three components – allocation (AE), sector mix (IM), and 
sector/region interaction (MR) show a lower intensity of influence in both posi-
tive and negative direction. 
 
 
Conclusions  
 
 Regarding the growing importance of digitization, it was this paper’s goal to 
evaluate both how the positioning of the digital economy of Europe and its 
macroregions has been developing over the past decade and to map how strongly 
selected factors influence these changes. To achieve this goal, evaluation was 
conducted using the method of RCA in combination with in-depth analysis by 
MFP, a shift-share analysis modification. Research for the period of 2009 to 
2018 was primarily conducted at the level of the main European macroregions. 
Besides this issue is very topical, the empirical studies usually focus on different 
aspects than dynamic of factors of competitiveness in relation to the digital 
economy’s development within the main European regions and countries. There-
fore, this study seeks to fill this niche, although the results and conclusions are 
limited by the absence of similar studies with which they could be discussed.  
 It can be said that global influences contribute the most to the competitive 
advantage held by the digital economy of Europe’s macroregions and countries, 
thus working as an exogenous growth factor for competitiveness; however, their 
impact does not have encouraging results for Europe. Secondarily, the economies’ 
competitiveness is influenced by regional characteristics that act across all indus-
tries. Conversely, these can be considered purely endogenous factors, because they 
can be influenced by the institutional framework. The area of institutionalized 
undergirding and support of the digital economy’s development should therefore 
be a subject of interest for European and national representatives.  
 Finally, emphasis on endogenous growth factors produces the need to add 
depth to the presented research by adding detailed analysis of individual macro-
region’s development at the country level for the purposes of correctly targeting 
potential tools to support the development of Europe’s digital economy. The lack 
of preparedness of the institutional framework for the digital economy was high-
lighted by the COVID-19 pandemic. In a number of countries, specific examples 
of shortcomings were particularly evident in the areas of labor law, (non)pre-
paredness of authorities and schools for electronic communication or robustness 
of data networks. On the one hand, the pandemic showed current shortcomings 
and also highlighted existing differences, but on the other hand, it also underlined 
the importance of digitization and considerably accelerated this process in many 
productions and services.  



469 

References 
 
AHO, M. C. – BOWEN, H. – PELZMAN, J. (1980): Assessing the Changing Structure of World 

Trade. Washington, DC: Bureau of International Labor Affairs. 
BALASSA, B. (1965): Trade Liberalisation and “Revealed” Comparative Advantage. The Man-

chester School, 33, No. 2, pp. 99 – 123. DOI: 10.1111/j.1467-9957.1965.tb00050.x. 
BALCERZAK, A. P. – PIETRZAK, M. B. (2017): Digital Economy in Visegrad Countries. Multi-

ple-criteria Decision Analysis at Regional Level in the Years 2012 and 2015. Journal of Com-
petitiveness, 9, No. 2, pp. 5 – 18. DOI: 10.7441/joc.2017.02.01. 

BALLANCE, R. H. – FORSTNER, H. – MURRAY, T. (1987): Consistency Tests of Alternative 
Measures of Comparative Advantage. Review of Economics & Statistics, 69, No. 1, pp. 157 – 161. 
DOI: 10.2307/1937915. 

BARBOSA, G. F. – SHIKI, S. B. – SAVAZZI, J. O. (2019): Digitalization of a Standard Robot 
Arm toward 4th Industrial Revolution. International Journal of Advanced Macufacturing 
Technology, 105, No. 5/6, pp. 2707 – 2720. DOI: 10.1007/s00170-019-04523-2. 

BOJNEC, Š. (2001): Trade and Revealed Comparative Advantage Measures: Regional and Central 
and East European Agricultural Trade. Eastern European Economics, 39, No. 2, pp. 72 – 98. 
DOI: 10.1080/00128775.2001.11040990. 

CAMISAO, I. – GUIMARAES, M. H. (2017): The Commission, the Single Market and the Crisis: 
The Limits of Purposeful Opportunism. Journal of Common Market Studies, 55, No. 2, pp. 223 
– 239. DOI: 10.1111/jcms.12464. 

CHIAPPINI, R. (2014): Persistence vs. Mobility in Industrial and Technological Specialisations: 
Evidence from 11 Euro Area Countries. Journal of Evolutionary Economics, 24, No. 1, pp. 159 
– 187. DOI: 10.1007/s00191-013-0331-7. 

CIA (2020): The CIA World Factbook 2020 – 2021. New York: Sky Horse. ISBN 978-1510758254. 
CIRIANI, S. – LEBOURGES, M. (2018): The Market Dominance of US Digital Platforms: Anti-

trust Implications for the European Union. SSRN Electronic Journal, April, pp. 1 – 25.  
 DOI: 10.2139/ssrn.2977933. 
DONGES, J. B. – RIEDEL, J. (1977): The Expansion of Manufactured Exports in Developing 

Countries: an Empirical Assessment of Supply and Demand Issues. Review of World Economics, 
113, No. 1, pp. 58 – 87. DOI: 10.1007/BF02696566. 

DUNN, E. (1960): A Statistical and Analytical Technique for Regional Analysis. Papers in Re-
gional Science, 6, No. 1, pp. 97 – 112. DOI: 10.1111/j.1435-5597.1960.tb01705.x. 

EUROPEAN COMMISSION (2015): A Digital Single Market for Europe: Commission Sets Out 
16 Initiatives to Make It Happen. [Cit. 13. 06. 2021.] Available at: 

 <ec.europa.eu/commission/presscorner/ detail/en/IP_15_4919>. 
EUROPEAN COMMISSION (2020a): DESI. [Cit. 11. 06. 2021.] Available at:   
 <ec.europa.eu/digital-single-market/en/digital-economy-and-society-index-desi>. 
EUROPEAN COMMISSION (2020b): I-DESI 2020: How Digital Is Europe Compared to Other 

Major World Economies? [Cit. 11. 06. 2021.] Available at:   
 <ec.europa.eu/digital-single-market/en/reports-and-studies/76018/3650>. 
FERNANDEZ-PORTILLO, A. – ALMODOVAR-GONZALEZ, M. – HERNANDEZ-MOGOLLON, 

R. (2020): Impact of ICT Development on Economic Growth. A Study of OECD European 
Union Countries. Technology in Society, 63, No. C, pp. 1 – 9.  

 DOI: 10.1016/j.techsoc.2020.101420. 
FRANC, S. (2020): Competition Policy in the Digital Economy. Economic Thought and Practice, 

29, No. 2, pp. 491 – 511. DOI: 10.17818/EMIP/2020/2.9. 
GARBEN, S. (2019): The Regulatory Challenge of Occupational Safety and Health in the Online 

Platform Economy. International Social Security Review, 72, No. 3, pp. 95 – 112.  
 DOI: 10.1111/issr.12215. 



470 

GRUBEL, H. G. – LLOYD, P. J. (1971): The Empirical Measurement of Intra Industry Trade. 
Economic Record, 47, No. 3, pp. 494 – 517. DOI: 10.1111/j.1475-4932.1971.tb00772.x. 

HAVRILA, I. – GUNAWARDANA, P. (2003): Analysing Comparative Advantage and Compe-
titivense: An Application to Australia’s Tetile and Clothing Industries. Australian Economic 
Papers, 42, No. 1, pp. 103 – 117. DOI: 10.1111/1467-8454.00189. 

IMF (2009): Balance of Payments and International Investment Position Manual (BPM6). Wash-
ington, DC: International Monetary Fund. ISBN 978-1-58906-812-4. 

IMF (2014): BPM6 Compilation Guide. Washington, DC: International Monetary Fund.  
 ISBN 978-1-48431-275-9. 
JURCEVIC, M. – LULIC, L. – MOSTARAC, V. (2020): The Digital Transformation of Croatian 

Economy Compared with EU Member Countries. Ekonomski Vjestnik, 33, No. 1, pp. 151 – 164. 
KAGERMANN, H. – WAHLSTER, W. – HELBIG, J. (2013): Securing the Future of German Manu-

facturing Industry: Recommendations for Implementing the Strategic Initiative INDUSTRIE 4.0. 
Frankfurt am Main: Platform Industrie 4.0.  

KRISTOFFERSEN, E. – BLOMSMA, F. – MIKALEF, P. – LI, J. (2020): The Smart Circular 
Economy: A Digital-enabled Circular Strategies Framework for Manufacturing Companies. 
Journal of Business Research, 120, November, pp. 241 – 261.  

 DOI: 10.1016/j.jbusres.2020.07.044. 
LAITSOU, E. – KARGAS, A. – VAROUTAS, D. (2020): Digital Competitiveness in the European 

Union Era: The Greek Case. Economies, 8, No. 4, pp. 1 – 33. DOI: 10.3390/economies8040085. 
LAMARCHE, R. H. – SRINATH, K. P. – RAY, D. M. (2003): Correct Partitioning Growth Rates: Im-

provements in Shift-share Analysis. Canadian Journal of Regional Science, 26, No. 1, pp. 121 – 141. 
LOBEL, O. (2016): The Law of the Platform. Minnesota Law Review, 101, No. 1, pp. 87 – 166. 
LUIS, A. L. (2018): A Blueprint for Market Construction? Spatial Data Infrastructure(s), Inter-

operability, and the EU Digital Single Market. Geoforum, 92, June, pp. 45 – 57.  
 DOI: 10.1016/j.geoforum.2018.03.013. 
MALECKI, E. – MORISET, B. (2008): The Digital Economy: Business Organization, Production 

Processes and Regional Development. New York: Routledge. ISBN 9780415396967. 
MAS, J. M. – GOMEZ, A. (2020): Social Partners in the Digital Ecosystem: Will Business Organ-

izations, Trade Unions and Government Organizations Survive the Digital Revolution? Tech-
nological Forecasting and Social Change, 162, January, pp. 1 – 17.  

 DOI: 10.1016/j.techfore.2020.120349. 
MIN, Y. K. – LEE, S. G. – AOSHIMA, Y. (2019): A Comparative Study on Industrial Spillover 

Effects among Korea, China, the USA, Germany and Japan. Industrial Management & Data 
Systems, 119, No. 3, pp. 454 – 472. DOI: 10.1108/IMDS-05-2018-0215. 

MIRZAEI, F. – MOSTAFAVI, S. M. – YAZDANI, S. (2012): Export Comparative Advantage 
Analysis of Iranian Hen Egg by RCA & RSCA and RC Criteria. Modern Economy, 3, No. 5, 
pp. 553 – 556. DOI: 10.4236/me.2012.35072. 

NOONAN, C. – PLEKHANOVA, V. (2020): Taxation of Digital Services under Trade Agree-
ments. Journal of International Economic Law, 23, No. 4, pp. 1015 – 1039.  

 DOI: 10.1093/jiel/jgaa031. 
ORHAN, M. – MacILVAINE, C. (2020): Examining Digital Brand Experiences as a Predictor of 

Brand Relationship Quality and Loyalty. International Journal of Marketing Communication 
and New Media, 8, No. 15, pp. 46 – 64. DOI: 10.54663/2182-9306. 

RAY, D. M. (1990): Standardizing Employment Growth Rates of Foreign Multinationals and 
Domestic Firms in Canada: From Shift-share to Multifactor Partitioning. Geneva: International 
Labour Office. ISBN 92-2-107513-3. 

RENDA, A. (2017): Will the DSM Strategy Spur Innovation? Intereconomics, 52, No. 4, pp. 197 – 201. 
DOI: 10.1007/s10272-017-0674-7. 

ROESE, J. (2021): COVID-19 Exposed the Digital Divide. Here’s How We Can Close It. [Cit. 20. 
05. 2021.] Available at:  

 <www.weforum.org/agenda/2021/01/covid-digital-divide-learning-education>.  



471 

SAFIULLIN, A. R. – SALAHIEVA, M. F. (2015): Methodology of Competitive Positioning of 
Types of Economic Activities of the Territory. Asian Social Science, 11, No. 11, pp. 68 – 75. 
DOI: 10.5539/ass.v11n11p68. 

SANGHAVI, D. – PARIKH, S. – RAJ, S. A. (2019): Industry 4.0: Tools and Implementation. 
Management and Production Engineering Review, 10, No. 3, pp. 3 – 13.  

 DOI: 10.24425/mper.2019.129593. 
SANIDAS, E. – SHIN, Y. (2010): Comparison of Revealed Comparative Advantage Indices with 

Application to Trade Tendencies of East Asian Countries. [9th Korea and the World Economy 
Conference, New Economic Order after the Global Financial Crisis.] Incheon: University of 
Incheon. [Cit. 19. 07. 2022.] Available at:  

 <http://www.akes.or.kr/eng/papers(2010)/24.full.pdf>. 
SCHOR, J. B. (2017): Does the Sharing Economy Increase Inequality within the Eighty Percent?: 

Findings from a Qualitative Study of Platform Providers. Cambridge Journal of Regions, 
Economy and Society, 10, No. 2, pp. 263 – 279. DOI: 10.1093/cjres/rsw047. 

UN (2008): International Standard Industrial Classification of All Economic Activities Revision 4. 
New York: United Nations. ISBN 978-92-1-161518-0. 

UNCTAD (2015): International Trade in ICT Services and ICT-enabled Services: Proposed Indi-
cators from the Partnership on Measuring ICT for Development. [Cit. 11. 04. 2021.] Available 
at: <unctad.org/system/files/official-document/tn_unctad_ict4d03_en.pdf>. 

UNCTADSTAT (2020): Information Economy. Information and Communication Technology. [Cit. 
19. 04. 2021.] Available at:  

 <unctadstat.unctad.org/wds/ReportFolders/reportFolders.aspx>.   
VOLLRATH, T. L. (1991): A Theoretical Evaluation of Alternative Trade Intensity Measures of 

Revealed Comparative Advantage. Weltwirtschaftliches Archiv, 127, No. 2, pp. 265 – 280.  
 DOI: 10.1007/BF02707986. 
WITT, U. – GROSS, C. (2020): The Rise of the “Service Economy” in the Second Half of the 

Twentieth Century and Its Energetic Contingencies. Journal of Evolutionary Economics, 30, 
No. 2, pp. 231 – 246. DOI: 10.1007/s00191-019-00649-4. 

XANTHOS, G. – PSIMARNI, K. (2019): The Multi-factor Partitioning Model and a Suggestion 
for Its Modification. Journal of Governance & Regulation, 8, No. 4, pp. 21 – 34.  

 DOI: 10.22495/jgrv8i4art2. 
YALCINKAYA, H. – CILBANT, C. – YALCINKAYA, N. – GUNES, I. (2015): Effects of Glo-

balization on National Competitiveness of Entrepreneurs: Opportunities and Threats. Journal 
of US-China Public Administration, 12, No. 2, pp. 134 – 143.  

 DOI: 10.17265/1548-6591/2015.02.006. 
YANGIN, D. (2020): Industry 4.0, Digitalization and Future of Labor Law-Evaluation in the 

Framework of Legal Relations Revealed by Digital Platforms. Istanbul Hukuk Mecmuasi, 78, 
No. 3, pp. 1209 – 1237. DOI: 10.26650/mecmua.2020.78.3.0003. 


