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Abstract

Digitalization is one of the key phenomena shaping the modern world, and its impact
on various sectors of the economy is increasingly important. The development of the
tourism sector is inextricably linked to the development of digital technologies. This study
investigates the relationship between the level of digitization and the competitiveness of
the tourism sector across European Union countries. Drawing on the literature review, the
research hypothesis posits a significant association between these two variables. Using
the statistics obtained from Eurostat on digitization, the synthetic Hellwig measure was
calculated to create a ranking of the level of digitization of EU countries. Then, the Pearson
correlation coefficient was calculated; that is, the relationship between the ranking of
digitization and the ranking according to the synthetic Travel & Tourism Development
Index 2024 (TTDI) was examined. The study shows a positive correlation between the level
of digitization and the competitiveness of the tourism sector in European Union countries.
Countries with higher levels of digitization tend to perform better in the TTDI rankings.
The study contributes to the academic discussion focusing on building competitive and
resilient tourist destinations.

Keywords: tourism; competitiveness; digitalization

1. Introduction
Tourism is a key component of economic development in many countries, particularly

in developing economies, where it serves as a major catalyst for economic growth and
employment generation. It is suggested that tourism can contribute to the socioeconomic
development of tourist destinations (Stryzhak et al., 2024). It’s one of the most important
and fastest-growing sectors in many economies. In the face of economic globalization,
growing competitiveness and turbulence in the environment, rising consumer demand,
and new challenges, actions are required to maintain and achieve competitive standing in
the worldwide tourism market. Digitalization is among the factors determining the need
for changes and adjustments. It is among the most dynamic changes, opening new oppor-
tunities and creating new threats. It offers tools and possibilities for better understanding
and meeting customers’ needs, which may lead to a competitive advantage in the market.
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The research presented here aims to explore dependencies between the level of national
digitalization and the competitiveness of the tourism sector in European Union countries.

There is no single, universally accepted definition or universal method of measuring
tourism competitiveness in the literature on the subject, which is due to its complex and
multifaceted nature. The available studies can be divided into three main strands: those
analyzing the determinants of competitiveness; those focusing on selected elements of
destination governance; and those describing the specific characteristics of destinations.
Many competitiveness models emphasize the role of resources, management, infrastructure,
technology, and social and environmental factors.

The literature review conducted in the theoretical part of the article clearly shows
that digitalization has become one of the key factors shaping competitive advantage in
the tourism sector. International analyses (including WEF, Salinas-Fernandez) confirm a
strong correlation between the level of technological advancement and the competitiveness
of destinations, indicating that the implementation of modern technologies increases the
industry’s resilience to unexpected crises, improves operational efficiency, promotes inno-
vation, and enhances the effectiveness of marketing activities, which ultimately translates
into higher profitability for tourism entities.

The results of our own research, presented in the empirical part of the article on the
level of digitization of European Union countries and the competitiveness of the tourism
sector, confirm these findings and are fully consistent with previous analyses. The analysis
carried out on the basis of statistical data for the years 2015–2024, based on the Hellwig
method, which allows for the construction of a synthetic measure based on 11 selected
diagnostic variables, also indicates a clear relationship between the degree of digitization
and the competitiveness of tourism in EU countries. The values obtained from the measure
made it possible to clearly determine the level of digitization in individual Member States,
confirming the research hypothesis.

2. Theoretical Framework
The notion of competitiveness is closely related to the breakthrough work of Porter

(1990) and is seen as a multi-level and multifaceted idea of market operation. Academic
discussion offers a variety of approaches to competitiveness. In general terms, the various
definitions converge on the concept of maintaining effective performance relative to other
entities and ultimately achieving superiority within a specific context. Competitiveness can
be applied to any degree of aggregation, i.e., of a state (Matkarimova et al., 2025; Andronic
& Untaru, 2025), region (Grassia et al., 2024), industry (Iwanicz-Drozdowska & Nowak,
2024), economic sector (Jangam et al., 2023), enterprise (Stocker & Erdélyi, 2024; Feng et al.,
2024; Castro et al., 2025), or cities (Vašaničová, 2025). At every level, it is a result of multiple
internal and external factors of a social, political, natural, and cultural nature.

At the sector’s level, competitiveness means the ability of a given economic sector to
preserve and extend its market share at both national and international levels. This measures
how well businesses in the sector can compete against other enterprises by offering products
and services attractive to consumers in terms of pricing, quality, innovation, and availability.

In the contemporary economy, the tourist sector is gaining significant importance.
Tourism’s rising role as a driver of revenue, employment, foreign exchange, and investment
has garnered significant scholarly and policy interest (Purwono et al., 2024). The literature
on the subject points to the growing contribution of tourism to economic development
(Adeleye, 2023), but also examines tourism competitiveness for its role in enhancing desti-
nation attractiveness (Kim et al., 2021) as well as factors enabling it (Agostinho et al., 2024).
Competitiveness also enhances the quality of services and products and encourages the
adoption of digital technologies (da Silva et al., 2025).
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Destination competitiveness refers to a place’s ability to attract tourists and compete in
the tourism market. It is shaped by numerous factors, including natural and cultural assets,
well-developed tourism infrastructure, transport accessibility, service quality, price levels,
safety, and the positive image (brand) of the region. Strategic management and cooperation
among various stakeholders are essential for building competitiveness (Cordova-Buiza &
Perea, 2024). Destination competitiveness is a destination’s ability to attract more tourists
and provide them with satisfying and memorable experiences (Weng, 2019). Mazurek-
Kusiak (2020) emphasizes that competitiveness in the tourist sector is maintained with
the strategies of tourist agencies that focus on matching their offers to customer needs,
introducing technical innovations to customer service, and following and analyzing the
changing demand in the market.

A variety of indicators and indices have been applied to assess the tourist sector’s
competitiveness. The synthetic TTDI (Travel and Tourism Development Index), developed
by the World Economic Forum (2022) to replace the TTCI (Travel and Tourism Competi-
tiveness Index), in place since 2007, is the most common. The TTDI consists of 17 pillars,
merged into 5 dimensions comprising 102 individual indicators distributed among the dif-
ferent pillars. The Non-Leisure Resources, T&T Socioeconomic Impact, and T&T Demand
Sustainability pillars are all new when comparing earlier TTCI editions with the new TTDI
(in 2024).

The Enabling Environment dimension encompasses 38 indicators grouped into five
pillars: legal regulations and business conditions (Business Environment), the safety and
security of residents, tourists, and entrepreneurs (Safety and Security), the availability
of health infrastructure and the associated security (Health and Hygiene), the quality of
human capital, the dynamics, efficiency, and effectiveness of the labor market (Human
Resources and Labor Market), the development and use of the ICT infrastructure and digital
services (ICT Readiness). Another dimension, T&T Policy and Enabling Conditions, consists
of 12 indicators in three pillars: promotion of and investment in tourism development
(Prioritization of T&T), openness to and facilities for tourists (Openness to T&T), and
the cost of travel and investments (Price Competitiveness). Infrastructure and Services
include 14 indicators as part of three pillars, namely, the availability and quality of air,
water, and land infrastructure. The dimension of T&T Resources comprises 14 indicators
within three pillars: natural, cultural, and non-leisure business trip resources. The final
dimension, T&T Sustainability, consists of 24 indicators related to the general sustainability
of an economy’s natural environment, protection of its natural resources, and vulnerability
to and readiness for climate change (Environmental Sustainability), the socioeconomic
well-being and resilience of an economy (T&T Socioeconomic Impact) and factors that may
indicate the existence of, or risk related to, overcrowding and demand volatility, as well as
the quality and impact of T&T (T&T Demand Sustainability).

The contemporary economic environment has created a new economy characterized
by the widespread digitalization shown by the massive utilization of ICT (Kusairi et al.,
2023). The broad applicability of information and communication technologies to tourism
has caused several scientific theories to be published since the beginning of the 21st century
(Almeida et al., 2020). E-tourism is the earliest and broadest, referring to the digitalization of
processes and value chains in tourism (Hamid et al., 2021). In line with socioeconomic and
technological development, the smart tourism theory has emerged, envisaging enriched
tourist experience and more effective actions at tourist destinations by collecting, aggre-
gating, and processing data sets (Iwaniuk, 2020; Hamid et al., 2021). Some related ideas
have appeared in the literature, including smart tourism destinations, smart hospitality,
and tourism 4.0, connected with such solutions as the Internet of Things (Ordóñez et al.,
2022), virtual reality (Zhu et al., 2025), or big data (Rehman et al., 2024).
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Smart tourism involves intelligent tourist experiences that provide tourists with commu-
nication and interaction with the external environment entities (e.g., entrepreneurs, residents,
public institutions). The information is supplied via ICT technologies like bike rental mobile
applications, online payment systems for museums, parking, or urban transport tickets, and
applications highlighting tourist attractions or routes, including interactive maps. These
values, with a special emphasis on efficiency, sustainable development, and enriched expe-
rience, are transferred in real time. Smart tourism destinations have emerged over the last
ten years as an advanced form of destination development. They are characterized by inno-
vative, hyper-connected technological systems that facilitate sustainable practices, optimize
resource management, enrich tourist experiences, and foster deeper engagement with local
communities, ultimately boosting destination competitiveness (Vaz et al., 2025).

Tourism 4.0 (T4.0) can be understood as a concept aimed at improving the added value
of tourism using ‘Industry 4.0’ technologies in the field of tourism, such as autonomous
robots and cobots, virtual reality, autonomous transport, big data, and artificial intelligence.
Therefore, the purpose of Tourism 4.0 is to ensure the effectiveness of tourism, as well as the
formation of personal tourism experiences and the development of a model of cooperation
between the participants in the process (Astanakulov, 2022). Although the COVID-19
pandemic has increased the use of technology in tourism and more enterprises have become
more digitalized, it must be acknowledged that technologies and their implementation in
tourism are not new (Table 1).

Table 1. The development stages of Tourism 4.0.

Tourism 1.0 2.0 3.0 4.0

Technology Manufacture Industry
Information technologies
(web 1.0, web 2.0, web 3.0,

web 4.0)

Digital technologies or
artificial intelligence

Means
Traditions,

religious views,
verbal advice

Television, radio,
newspapers,

telephone service,
specialized services

Specialized websites,
interactive platforms, social

networks, smart mobile
devices, specialized services

Autonomous robots, and cobots,
virtual reality, autonomous
transport, big data, artificial

intelligence, specialized aggregates

Objective

Meeting needs
through trade,

visits, and
treatment

Informing the population
about tourist destinations
and encouraging them to
travel, developing travel

culture and skills

Facilitation of communication
between tourism participants

and ensuring customer
satisfaction,

generating revenue

Forming a personal tourism
experience, building smart tourism
destinations, ensuring efficiency,

and building a sense of social
responsibility among participants

Scope of service coverage Regional Local and Global Global Global

Source: Astanakulov (2022, p. 35).

Only an advanced ICT infrastructure enables a more dynamic, less rigid, and faster
interaction within and between organizations at a tourist destination, which empowers
stakeholders through the creation of a technological infrastructure for increased commu-
nication and collaboration (Buhalis, 2000). Tourist destinations are now, more than ever,
building competitive places using state-of-the-art business models. However, without a
proper information environment, these models are often subjected to failure (Peceny et al.,
2019). Smart tourism is founded upon a smart tourism ecosystem with its main elements:
local communities, tourists, tourist service providers, and government. Information can
be shared among various stakeholder groups (from different locations and markets) at an
appropriate time only using state-of-the-art technologies available in the market, including
artificial intelligence, internet of things, augmented reality, high-performance computing,
cloud computing, big data, wireless connectivity, emerging technologies, and blockchain.

New disruptive technologies, such as artificial intelligence (AI) and the Internet of
Things (IoT), are crucial to achieving more efficiency and productivity in the tourism and
travel industry (Ordóñez et al., 2022). Artificial intelligence (AI) is playing a transformative
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role in enhancing customer experience in the tourism industry. It provides personalized
travel recommendations and sophisticated customer service solutions, tailored to individ-
ual preferences and needs (Moghadasnian, 2024). AI reengineers internal processes and
procedures by enabling data and content as catalysts of competitiveness, empowering the
augmented worker, and performing mass personalization and customization (Bulchand-
Gidumal et al., 2023). The adoption of IoT technology is instrumental in the development
of smart tourism environments. It has several advantages, such as cost savings, increased
productivity, greater efficiency, and customized and differentiated services (Demirciftci,
2024). Big data and analytics are considered beneficial to businesses in general and the
tourism and hospitality industry in particular (Yallop & Seraphin, 2020). The use of data
is viewed as a disruptive innovation in the tourism and hospitality industry, although it
allows organizations in the industry to facilitate personalization, offer convenience, save
costs, and overall gain a competitive advantage (Evans, 2024). The implementation of
tourism blockchain technology provides travel companies with competitive advantages
in the digital space (Baydeniz, 2024). Integrating blockchain technology into a company’s
website and marketing strategies has the potential to enhance customer experience, increase
brand loyalty, and ultimately boost sales and conversions (Rashideh, 2020).

Digitalization has increased over recent years, especially during COVID-19, as the
pandemic affected the whole industry and its operation, forcing changes to its conditions
(Abbas et al., 2021). Using digitalization solutions was a means to adapt to changing market
conditions in order to survive.

The COVID-19 pandemic and the resulting remote work phenomenon made location-
independent work possible and cultivated digital nomad markets (Zhou et al., 2024) and
workcations—a new form of hybrid tourism (Bassyiouny & Wilkesmann, 2023). Face
recognition, artificial intelligence, and robots began to be employed in many facilities to
improve the quality of services (Sousa et al., 2024; Lau, 2020). Social media has substantially
altered the service industries, including the catering and tourist sector, chiefly in terms of
information finding and decision-making, promotion and marketing, and best practices
in consumer interactions. In effect, firms have more opportunities for reaching customers
and selling their products (Shriharsha, 2023). A growing number of hotels and resorts are
adopting live streaming as the newest popular form of online entertainment. (Bu et al.,
2025). The important role of digitalization is stressed in research into the competitiveness
of the tourist sector (Doğan, 2025; Adekuajo et al., 2023). COVID-19 accelerated the
digitalization processes, especially in respect of cooperation with staff, suppliers, and
customers (Almeida et al., 2020; Amankwah-Amoah et al., 2021) and the profitability of the
catering and hotel sector (Rathore et al., 2023; Malikah, 2021). The concept of smart tourism
by means of technology, innovation, and cooperation improves tourist experiences, boosts
the effectiveness and competitiveness of tourist enterprises and resorts, and contributes
to an overall, sustainable, and competitive development (Iwaniuk, 2020). The resilience
of companies that have embraced digital transformation is emphasized, suggesting that
digital evolution could be a buffer against economic downturns caused by unforeseen
global crises (Ghosh & Bhattacharya, 2022).

Based on the review of specialist literature, the research hypothesis H is postulated: a
dependence exists between the standard of digitalization and the level of competitiveness
of the EU countries’ tourist sector.

3. Materials and Methods
A numerical taxonomy technique known as the pattern of development method is

used to evaluate the digitalization of the European Union countries and verify the research
hypothesis. The analysis consists of several key stages:
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1. The choice of statistical indicators defining the development of digitalization.
2. The creation of synthetic indicators to assess the standard of EU-27 states’ digitalization.
3. The application of the k-means method to cluster the EU-27 states.

The study utilized 11 indicators, which can be divided into four groups: human capital
& technology workforce, economic development & innovation capacity, digitalization &
e-commerce, and tourism & travel activity. The selection of these factors was deliberate
and justified, as it allows for a comprehensive assessment of the conditions conducive to
the implementation of digital technologies, the actual level of digitization of the economy,
and the real effects of this digitization visible in the competitiveness of the tourism sector
in European Union countries. human capital and technology workforce skills form the
basis for the implementation of digital technologies in tourism, enabling the effective
use of modern tools. Economic development and innovation capacity reflect the ability
of countries to invest in digital infrastructure and promote technological transformation,
which indirectly affects the competitiveness of the sector. The group concerning digitization
and e-commerce directly indicates the level of technological advancement of the economy,
which shapes the availability of digital tourism services and the efficiency of businesses.
In turn, factors related to tourism and travel activity allow for an assessment of the actual
effects of digitalization, e.g., an increase in tourist traffic. The inclusion of these four groups
provides a comprehensive overview of the relationship between digitalization and the
competitiveness of tourism, taking into account both the conditions enabling transformation
and its measurable results. These indicators are part of the enabling environment—the
pillar of ICT Readiness (index TTDI), which measures the development and use of ICT and
digital services.

Hellwig’s (1968) method is utilized to construct a synthetic measure based on selected
diagnostic variables representing a variety of aspects of a phenomenon under investigation.

Data on key indicators of digitalization, entrepreneurship, tourism, and the economy
at the EU-27 level were considered. Available data from the Eurostat database were used.
The research period covered 2015–2024. The empirical analysis considered average values
for all variables studied during this period. Eleven key indicators, numbered 1 to 11, were
discussed, and their detailed breakdown is presented in Table 2.

Table 2. A list of features to be investigated.

Group Indicators Variable Type

Digitalisation

X1—Human resources in science and technology [Percentage of population in the labor force] Stimulus

X2—Employed persons in high and medium-high technology manufacturing sectors and
knowledge-intensive service sectors [Percentage of total employment] Stimulus

X3—Gross domestic product at market prices [Current prices, euro per capita] Stimulus

X4—Gross domestic expenditure on research and development (R&D) [Percentage of gross
domestic product (GDP)] Stimulus

X5—Enterprises having received orders online [Percentage of enterprises] Stimulus

X6—Enterprises’ total turnover from e-commerce sales [Percentage of turnover] Stimulus

X7—Share of households with internet access [Percentage of households] Stimulus

X8—Individuals using the internet for finding information about goods and services
[Percentage of individuals] Stimulus

X9—Persons participating in tourism for personal purposes [Percentage of total population] Stimulus

X10—Personal travel expenses [Average per trip, euro] Stimulus

X11—Travel expenses for professional and business purposes [Average per trip, euro] Stimulus

Source: The authors’ own compilation.
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Hellwig’s method requires the following observation matrix to be constructed:

X =


x11 x12 . . . x1m

x21 x22 . . . x2m
...

...
...

...
xn1 xn2 . . . xnm

 (1)

where

xij—jth variable in ith state (i = 1, 2. . ., n; j = 1, 2, . . ., m).

Then, the values of Xj in a tested population need to be standardized. The following
equations are used in the calculations (Maráková et al., 2016):

(a) For the stimuli:

zij =
xij − xj

Sj
(2)

(b) For the inhibitors:

zij = −
xij − xj

Sj
(3)

where

zij—the standardized jth variable in the ith state;
i—state number;
j—variable number;
xij—the values of the jth variable in the ith state;
xj—the arithmetic mean of the jth variable, formulated as follows:

xj = n−1∑n
i=1 xij (4)

Sj—the standard deviation of the jth variable, formulated as follows:

Sj =
√

n−1∑n
i=1

(
xij − xj

)2 (5)

The coefficient of variation is a relative measure of dispersion, calculated as follows:

Vj =
Sj

xj
(6)

where
Vj—the coefficient of variation of the jth variable;
Sj—the standard deviation of the jth variable;
xj—the arithmetic mean of the jth variable.

A certain critical value of the coefficient of variation V* (normally V* = 0.1, V* = 0.15, or
V* = 0.2) needs to be determined next; V* = 0.1 is adopted for this study. Values computed
for given variables are then compared to the critical value. For statistical reasons, quasi-
constant variables, whose coefficient of variation is below 10%, must be removed from
the variable set; this is not the case here, however. As a result, two types of dependencies
may occur. The first holds where V(xj) ≤ V*. xj is the so-called quasi-constant variable that
must be removed from the set of potential variables. The other type of dependence obtains
where V(xj) > V*, and thus, xj exhibits a satisfactory variability.
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Before proceeding to determine a development pattern, a matrix of standardized Z
values needs to be built by converting the matrix of observations X (Pomianek, 2010):

Z =


Z11 Z12 . . . Z1m

Z21 Z22 . . . Z2m
...

...
...

...
Zn1 Zn2 . . . Znm

 (7)

where

zij—the standardized value of xij.

The matrix of standardized Z values is the starting point for determining the pattern
of development. The pattern is an abstract state of best-observed variable values. P0 of
standardized coordinates (z01, z02, z0m) can be defined as follows:

Zoj = maxzij (8)

On converting the variables, the pattern method needs to be applied, assuming the
existence of a model object, relative to which the taxonomic distances of tested objects
are determined using Euclidean space. The synthetic measure of a state’s development
is computed as a synthetic indicator of the taxonomic <distance> of a given state from
the theoretical pattern of development. At the final stage, therefore, for each object Pi

(state), the distance from the pattern (the value of the synthetic metric called the measure
of development Mi) needs to be determined as formulated by (Bąk, 2016):

Mi = 1 − di0
d0

(i = 1, 2 . . . , n) (9)

where
di0 =

√
∑m

j=1(zij − zoj)2 (i = 1, 2, . . . , n; j = 1, 2, . . . , m) (10)

d0 = d0 + 2S0 (11)

d0 = n−1∑n
i=1 di0 (12)

S0=
√

n−1∑n
i=1(dio − d0)

2 (13)

Mi—synthetic metric/measure of development/;
di0—the Euclidean space of any object from the constructed pattern of development;
m, n—the number of variables, objects/states, respectively;
zij—the standardized value of input features (jth variable for ith state);
zoj—the standardized value of model unit/standardized model value for jth variable;
d0—the arithmetic mean of taxonomic distances;
S0—the standard deviation of taxonomic distances.

The measure of development is a standardized value, normally in the range 0 to 1.
The results for the indicator Mi (the sequence M1, M2, . . ., Mn) for the particular objects
should be ordered from top to bottom, then classified based on selected statistical criteria.
These values are interpreted as follows: the higher the measure of development, the more
developed an object is, and vice versa: a lower value points to poorer development. A
higher indicator suggests an object is closer to an ideal model, that is, an abstract point
of optimum diagnostic values. The closer the values are to zero, the nearer an object is
to the ideal model. The taxonomic analysis of the development indicator values helps to
group the objects into homogeneous classes. The states are divided into four typological
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groups by means of the k-means method, with the features split into two subsets: one
includes the objects with above-average indicator values, the other those with lower
values. Intermediate means are then defined for each group, which allows for their further
discrimination:

• class I—a high state competitiveness, where zi ≥ Z1l ;
• class II—a moderate state competitiveness, where Zl < zi ≤ Z1l ;
• class III—a low state competitiveness, where Z2l < zi ≤ Zl ;
• class IV—a very low state competitiveness, where zi ≤ Z2l ;

where

Zl—mean development measure;
Z1l and Z2l—intermediate means z of development measure values.

The synthetic Hellwig’s measure is a result of all features characterizing tested objects and
thus helps to define average feature values over a specified time (Sompolska-Rzechuła, 2020).

The 2024 Tourism and Travel Development Index (TTDI) was used to assess the
competitiveness of European Union countries. It is based on the Travel & Tourism Com-
petitiveness Index (TTCI) prepared by the World Economic Forum in 2007. It enables
comparing countries across factors affecting the development of tourism. The Index sup-
plies information about individual state policies and the investment decisions of tourist
businesses. It is a useful tool for measuring the competitiveness of domestic tourist regions
and making international comparisons by means of a standard set of indicators.

Ranking EU countries’ digitalization and then investigating dependencies between
the digitalization of particular EU countries and the competitiveness of tourism in those
countries are the subsequent stages of verifying the hypothesis. To determine the power
and direction of the relationship between the digitalization and TTDI-24 EU rankings
(average for 2015–2024), Pearson’s coefficient of correlation is calculated based on the
so-called feature covariance, cov(xy), which can be expressed as follows:

cov(xy) =
∑n

i=1 (xi − x )(yi − y )

N
(14)

where

xi—the value of feature x;
yi—the value of feature y;
x—the arithmetic mean of feature x;
y—the arithmetic mean of feature y;
N—the number of observations.

Pearson’s coefficient of correlation is calculated as follows (Ręklewski, 2020):

rXY =
cov (X, Y)
S(x)S(y)

=
∑n

i=1 (xi − x )(yi − y )√
∑n

i=1(xi − x)2
√

∑n
i=1(yi − y)2

(15)

where

S(x)—the standard deviation of feature X;
S(y)—the standard deviation of Y.

The coefficient of correlation’s symbol indicates the direction of correlation (+ signifies
a positive correlation, − negative correlation). Correlation is positive when the values of
one, and the other feature rise. It is negative when the values of one feature increase and of
the other diminish. Its absolute value is evidence of a relationship’s power.
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4. Results and Discussion
Based on the diagnostic variables and the calculation method described above, the

statistical characteristics of these variables are presented, and the synthetic indicators for
the individual EU-27 states are calculated. The k-means method is then applied to divide
the countries into four categories. Thus, the analysis involves a geographical differentiation
of digitalization standards in the EU-27 states. Their values are compared to the European
Union (EU-27) averages.

The values of diagnostic variables and the algorithm for computing the synthetic
taxonomic index representing the digitalization of the European Union states are presented
in Table 3. The values of the synthetic index uphold the opinion of a considerable diversity
of digitalization levels in the EU countries. The diversity is especially true of the variables
X2, X3, and X4, for which the coefficient of variations are in the range 50% < V < 100%. X5,
X9, and X10, on the other hand, display an average variability, since the dependence <20%;
40%> is fulfilled.

Table 3. The statistical characteristics of diagnostic variables and the synthetic digitalization indices
of EU-27 states.

Member State
Variable Value Euclidean

Distance
Synthetic

Index

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 d1 M1

UE-27 47.32 6.09 32,651 2.19 18.25 18.04 89.23 66.70 61.52 387.38 559.62 6.99353187 0.39
Belgium 55.70 4.40 43,103 3.03 27.89 29.31 89.60 75.82 59.87 478.94 842.93 5.065347774 0.56
Bulgaria 37.94 4.18 10,357 0.80 8.81 5.77 76.75 46.18 30.46 392.94 305.83 11.45855171 0.01

Czech Republic 40.71 11.19 22,383 1.85 25.21 29.66 87.34 77.63 76.31 188.53 292.62 7.617710775 0.34
Denmark 58.56 5.04 55,839 2.97 33.47 25.32 95.08 86.38 68.37 309.90 581.62 5.024957884 0.56
Germany 50.55 9.80 44,020 3.04 21.01 17.41 92.79 74.57 72.59 507.29 643.28 5.372359683 0.53
Estonia 51.83 4.03 22,181 1.55 17.12 15.08 90.34 78.50 56.36 432.69 494.76 7.549432745 0.35
Ireland 59.92 4.38 78,938 1.24 32.65 34.27 90.67 76.82 73.27 391.94 822.89 4.684472166 0.59
Greece 40.31 1.50 17,935 1.30 13.82 5.10 78.79 66.78 40.32 421.55 557.53 10.02259757 0.13
Spain 46.50 4.01 26,770 1.31 23.28 17.73 90.25 70.97 65.30 314.45 537.00 7.484951232 0.35
France 53.77 4.10 36,624 2.21 14.92 17.63 89.67 67.90 76.66 313.95 449.52 7.304155718 0.37
Croatia 39.80 3.48 15,076 1.12 24.82 14.23 82.71 69.07 45.90 321.87 569.64 8.861011473 0.23

Italy 37.31 6.19 31,170 1.40 10.93 12.29 85.98 46.18 39.22 347.64 449.31 9.553419288 0.17
Cyprus 53.53 0.87 27,038 0.65 15.41 6.77 86.82 72.10 63.59 454.00 1173.31 8.338460729 0.28
Latvia 46.67 1.86 16,228 0.70 12.64 8.98 85.87 64.17 60.46 327.24 586.91 9.314404357 0.19

Lithuania 52.46 2.45 19,004 1.01 26.22 14.01 81.02 69.66 52.27 187.10 310.27 9.313677307 0.19
Luxembourg 64.32 0.68 107,126 1.14 9.10 18.49 96.75 72.45 80.49 567.50 1141.50 6.295452056 0.45

Hungary 39.49 9.40 15,594 1.41 15.91 21.04 86.40 73.43 52.78 547.98 431.15 7.891680906 0.32
Malta 45.97 3.15 30,305 0.58 23.92 12.90 88.08 73.31 56.49 369.78 819.89 7.761629337 0.33

Netherlands 59.50 2.84 49,584 2.19 20.64 16.07 97.90 89.63 82.53 502.64 735.66 5.62020711 0.51
Austria 51.70 6.25 45,385 3.17 19.48 15.48 90.35 68.59 74.01 543.75 700.57 5.857217269 0.49
Poland 46.59 5.57 15,268 1.27 13.04 16.07 87.44 61.98 58.19 438.53 409.70 8.460983892 0.27

Portugal 39.25 3.44 21,082 1.50 18.32 17.76 82.12 66.29 42.25 209.20 259.87 9.570116256 0.17
Romania 28.91 6.40 12,228 0.48 11.00 9.61 83.20 41.10 26.57 186.27 245.80 11.75222893 −0.02
Slovenia 49.35 9.49 23,945 2.08 18.15 16.72 87.69 71.68 63.96 214.63 524.77 7.520350273 0.35
Slovakia 38.86 10.96 18,203 0.93 14.32 21.16 85.19 65.17 61.85 259.60 300.20 8.825514244 0.24
Finland 58.18 4.84 43,717 2.92 22.24 22.97 94.92 86.93 83.90 293.86 609.44 5.595329552 0.52
Sweden 61.16 4.40 48,444 3.43 31.52 23.65 94.08 84.33 78.36 389.77 569.26 5.025740706 0.56

Arithmetic mean 48.43 5.04 33,221.4 1.69 19.43 17.27 88.11 70.15 60.85 367.89 568.74 7.65 0.34
Standard
deviation 8.83 2.88 21,506.6 0.88 6.97 7.07 5.20 11.46 15.50 114.13 236.85 1.946484359 0.168663104

Coefficient of
variation 18% 57% 65% 52% 36% 41% 6% 16% 25% 31% 42% 25% 50%

Max 64.32 11.19 107,126 3.43 33.47 34.27 97.90 89.63 83.90 567.50 1173.31 11.75 0.59
Min 28.91 0.68 10357 0.48 8.81 5.10 76.75 41.10 26.57 186.27 245.80 4.68 −0.02

Source: The authors’ calculations.

As a result, the EU-27 countries are divided into four categories regarding their
digitalization. With reference to digitalization indices, they are ranked as shown in Table 4.
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Table 4. The division of EU-27 countries by the standards of their digitalization.

Country Synthetic Index M1 Ranking Digitalisation Standard

Ireland 0.594089924 1

High

Denmark 0.564586795 2
Sweden 0.564518964 3
Belgium 0.561087006 4
Germany 0.534484388 5
Finland 0.515164022 6

Netherlands 0.513008378 7
Austria 0.492471419 8

Luxembourg 0.454498323 9

Moderate

EU-27 0.394009623 -
France 0.367094029 10
Spain 0.351428076 11

Slovenia 0.348360745 12
Estonia 0.345840745 13

Czech Republic 0.339924446 14

Malta 0.327453885 15

Low

Hungary 0.316184901 16
Cyprus 0.277471375 17
Poland 0.266854729 18

Slovakia 0.23526813 19
Croatia 0.232192291 20

Lithuania 0.192968742 21
Latvia 0.192905743 22

Italy 0.17219507 23

Very Low
Portugal 0.170748276 24
Greece 0.131540716 25

Bulgaria 0.007115117 26
Romania −0.01833205 27

Source: The authors’ own elaboration.

It can be noted that Ireland exhibits the highest synthetic index of 0.59, indicating a
high standard of digitalization. The same group consists of 7 more countries: Denmark,
Sweden, Belgium, Germany, Finland, the Netherlands, and Austria. Luxembourg, France,
Spain, Slovenia, Estonia, and the Czech Republic rank high, too, though ranking somewhat
lower. The whole EU-27 belongs to this group. The low-digitalization group comprises
8 states: Malta, Hungary, Cyprus, Poland, Slovakia, Croatia, Lithuania, and Latvia. A very
low digitalization standard characterizes 5 countries: Italy, Portugal, Greece, Bulgaria, and
Romania. The particular European Union countries are ranked for their digitalization in
line with the synthetic index M1, as shown in Table 5.

To assess the statistical significance of the correlation between digitalization and EU
TTDI-24 rankings, Pearson’s correlation test is carried out. Its result is 0.46, indicating a
moderate positive correlation, which means higher digitalization rankings are associated
with higher standings in the European Union TTDI-24. The countries with higher digi-
talization standards tend to rank higher for their tourism competitiveness. It should be
emphasized that while no strong correlation was observed, there is a clear tendency for
covariation, with other factors also influencing the relationship between the variables. In
summary, there is a noticeable, moderate relationship between the analyzed variables: a
tendency for their values to increase (or decrease) simultaneously is observed, but this
relationship is not strict, and many observations may deviate from a perfect straight
line. The score diagram (Figure 1) shows the dependence between digitalization and EU
TTDI-24 rankings. The graph illustrates a positive trend, aligned with the results of the
correlation analysis.
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Table 5. The ranking of digitalization and competitiveness levels of the EU countries’ tourist sectors.

The Ranking of
Digitalization

Standard
Country

The EU
Ranking of

Digitalization
Standard

Place in
the Global
TTDI-24
Ranking

Place in
the EU

TTDI-24
Ranking

D
ig

it
al

is
at

io
n

le
ve

l

H
ig

h

Ireland 1 24 13

C
om

pe
ti

ti
ve

ne
ss

of
th

e
to

ur
is

ts
ec

to
r

Denmark 2 17 8
Sweden 3 19 9
Belgium 4 23 12
Germany 5 6 3
Finland 6 20 10

Netherlands 7 16 7
Austria 8 15 6

M
od

er
at

e
Luxembourg 9 28 15

France 10 4 2
Spain 11 2 1

Slovenia 12 42 22
Estonia 13 36 19

Czech Republic 14 33 17

Lo
w

Malta 15 34 18
Hungary 16 37 20
Cyprus 17 30 16
Poland 18 27 14

Slovakia 19 54 26
Croatia 20 46 25

Lithuania 21 44 24
Latvia 22 65 27

Ve
ry

Lo
w

Italy 23 9 4
Portugal 24 12 5
Greece 25 21 11

Bulgaria 26 40 21
Romania 27 43 23

Source: The authors’ own elaboration.
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Figure 1. The correlation between the digitalization and competitiveness ranking of the European
Union’s tourist sector.

The analysis indicates a moderate positive correlation between digitalization and the
competitiveness of tourism in the European Union countries. More digitalized countries
tend to perform better in TTDI-24 EU rankings, which corroborates our research hypothesis:
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a dependence exists between the standard of digitalization and the level of competitiveness
of the EU countries’ tourist sector.

No single, universal definition of or methods of analyzing and measuring the com-
petitiveness of tourism/tourist resorts on an international scale are offered by specialist
literature (Hossain et al., 2024; Cronje & Du Plessis, 2022). This is due to divergent def-
initions, identified factors, and models of competitiveness applied in the sector, which,
in turn, are the results of the fact that these analyses can be classified into three groups.
The first (and most numerous) focuses on factors determining the competitiveness of the
sector, comprising economic, social, technological, environmental, cultural, and political
dimensions (Purwono et al., 2024; Martínez-González et al., 2021). The second group ad-
dresses a specific aspect of a tourist destination’s competitiveness, e.g., tourists’ satisfaction
(Andronic & Untaru, 2025; Sustacha et al., 2023), while the third group encompasses the
analysis of the unique potential of a given location (Dinh, 2023; Murayama et al., 2022).

Research into and analyses of the sectors’ and resorts’ competitiveness (mainly since
the 1990s) have referred to Porter’s (1990) study of the competitive advantages and strate-
gies of sectors, enterprises, and national economies. The models of tourism destination
competitiveness (TDC) were developed by, among others, Dwyer and Kim (2003), who
stressed links between destination competitiveness and the socioeconomic development
of a region by means of factors like core resources, supporting factors and resources,
destination management, situational conditions, or market performance. The Sustain-
able Destination Competitiveness Model (Heeth, 2003), in turn, emphasizes the following
factors: human resource development, communications, and information management.
Gooroochurn and Sugiyarto (2005) have compiled a competitiveness monitor model and a
tourism industry-specific model of measuring destination competitiveness based on such
factors as price, openness, technology, infrastructure, social development, environment,
and human resources.

Our literature review proves a positive relationship between the standard of digitaliza-
tion and the competitiveness of a tourist destination. The results of the study by Vena-Oya
et al. (2025) showed that the digitization of destinations affects tourism sustainability in
a changing way, highlighting its positive impact on the economic dimension, which is
undoubtedly the one that benefits most from the effects of increased digitization. The
study by Kubickova et al. (2025) demonstrates that innovation capacity, digitalization, and
R&D investment are key drivers of tourism development in the EU. The authors find a
moderate to strong link between innovation potential and tourism performance, while
higher R&D spending and digitalization levels significantly strengthen tourism-related
innovation. Using data from the EIS (European Innovation Scoreboard) and DESI (Digital
Economy and Society Index), TTDI (Tourism and Travel Development Index), and statistics
from UNWTO and Eurostat, the study shows that EU countries with more advanced digital
and innovation systems achieve superior tourism outcomes.

Allahverdi et al. (2025) used K-means clustering to analyze 119 countries based on the
Travel and Tourism Development Index (TTDI), identifying seven distinct clusters. Cluster
1, with the lowest averages, mainly includes African countries (e.g., Angola, Senegal).
Cluster 2, below average, consists primarily of South American nations. Cluster 3, slightly
above Cluster 1, spans multiple continents (e.g., Mongolia, Kazakhstan, Algeria). Cluster 4,
the smallest group, shows mid-range values and strengths in price competitiveness and
natural resources (e.g., Brazil, India). Cluster 5, mainly European countries (e.g., Poland, the
Slovak Republic), performs at or above average across business environment, safety, health,
labor markets, ICT, infrastructure, tourism services, and sustainability. Cluster 6, with the
highest averages, excels in multiple dimensions, including environmental sustainability
and resilient socioeconomic structures (e.g., Australia, Canada, France, Germany). Cluster 7,
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with the second-highest averages, performs strongly in business environment, safety, labor
markets, ICT and transport infrastructure, international openness, and tourism services
(e.g., Austria, Belgium, Denmark). The research results show that countries with low
performance tend to face shortcomings in enabling conditions, infrastructure, and service
quality. In contrast, high-performing countries demonstrate strong infrastructure and
sustainability outcomes, although some areas still offer room for improvement. Countries
in the medium-performance group particularly need enhancements in tourism policy
and sustainability.

The study by Štilić et al. (2024) served as the basis for creating the ranking of European
Countries using a hybrid MEREC–MARCOS MCDA approach based on the Travel and
Tourism Development Index. This study tackles the issue by applying a hybrid multi-
criteria decision analysis that integrates the MARCOS (Measurement of Alternatives and
Ranking According to Compromise Solution) method with the MEREC (Method based on
the Removal Effects of Criteria) approach. The combined results indicate that the ranking
of European countries differs from the order presented in the TTDI. Spain emerges as the
top-ranked country, while Turkmenistan occupies the lowest position, and the sensitivity
analysis confirms the robustness of these outcomes. The findings emphasize that, when
using the TTDI to rank countries, it is essential to account for the relative importance of the
criteria to accurately represent the conditions relevant to tourism development, an aspect
clearly underscored by this research.

This review implies that the original authors’ research results are aligned with, or
similar to, those from other authors and uphold the research hypothesis H: a dependence
exists between the standard of digitalization and the level of competitiveness of the EU
countries’ tourist sector.

5. Conclusions
Digitalization, defined as the integration of digital technologies into business processes,

has substantially transformed the tourist sector and influenced its competitiveness in
several dimensions. This greatly improves its operating efficiency through online booking,
customer service, and marketing, which saves time and resources. Moreover, the use
of mobile applications, virtual guides, and interactive maps enhances tourists’ comfort
and satisfaction. Online opinion and review platforms allow customers to share their
experiences, affecting other tourists’ buying decisions.

Digitalization also drives product and service innovations. The application of virtual
and augmented realities offers new, unique tourist experiences. In addition, big data
analysis may create tailored services.

In our own research to assess the level of digitization in a country using the Hellwig
method, we used 11 indicators, which can be divided into four groups. The first Human
Capital & Technology Workforce includes X1—Human resources in science and technology,
and X2—Employed persons in high and medium–high technology manufacturing sectors
and knowledge-intensive service sectors. Both of these indicators describe the structure
of the workforce related to advanced technologies and competencies. The second group,
Economic Development & Innovation Capacity, includes X3—Gross domestic product at
market prices and X4—Gross domestic expenditure on research and development (R&D),
as these are macroeconomic measures of economic development and innovation expen-
diture, often analyzed together. The third group, Digitalization & E-Commerce, consists
of X5—Enterprises having received orders online, X6—Enterprises’ total turnover from
e-commerce sales, X7—Share of households with internet access, and X8—Individuals using
the internet for finding information about goods and services. These indicators describe
both digital infrastructure and competencies, as well as e-commerce activity on the part
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of businesses and consumers. The fourth group, Tourism & Travel Activity, consists of a
coherent set of indicators describing participation and travel expenditure: X9—Persons
participating in tourism for personal purposes, X10—Personal travel expenses, X11—Travel
expenses for professional and business purposes.

The analysis based on indicators X1–X11 fits well with the hypothesis that there is
a relationship between the level of digitization and the competitiveness of the tourism
sector in European Union countries. This set of data allows us to capture the mechanisms
through which digitization influences the development and attractiveness of tourism,
thereby strengthening the competitive position of this sector.

Indicators relating to internet access and use (X7–X8) show the extent to which the
public uses digital tools to search for information about tourism services and plan their trips.
Data on the activity of enterprises in e-commerce (X5–X6) reflect the ability of companies,
including tourism entities, to operate in the digital market and provide online services,
which increases their efficiency and reach.

Indicators related to participation in tourism and tourism expenditure (X9–X11) allow
us to analyze how the level of digitalization in a given country translates into the intensity
of tourist traffic and the propensity to consume in this sector. Combined with information
on economic development and innovation potential (X3–X4), the analysis makes it possible
to assess whether more digitized countries achieve better tourism results.

Importantly, the selection of these specific indicators is an original proposal by the au-
thors of the article, which emphasizes the innovative nature of the research approach. This
set of variables allows for a comprehensive view of the relationship between digitalization
and the competitiveness of the tourism sector, going beyond standard approaches. This
allows for a more complete understanding of how digital technologies affect the functioning
and competitive advantages of tourism in EU countries.

The results of the study made it possible to create a ranking of the level of digitization
of EU countries, which was then compared with the ranking of the competitiveness of
the tourism sector. The results confirm that there is a correlation between the level of
digitization and the level of competitiveness of the tourism sector in EU countries. Coun-
tries with a high level of digital development also occupy high positions in the tourism
competitiveness ranking. This is evidenced by Pearson’s correlation coefficient of 0.46,
indicating a moderate positive relationship between the level of digitization and the results
in the TTDI 2024 ranking. This means that countries with better digitization results tend to
have a more competitive tourism sector.

The results obtained are consistent with the existing scientific achievements of other
authors, confirming the relationship between digital development and the efficiency of
the tourism sector observed in the literature. However, the originality of the research
lies in the methodology adopted—the authors selection of digitalization indicators, the
construction of the synthetic M1 measure, and the creation of a ranking of EU countries’
digitalization based on it, followed by an analysis of the relationship between the rankings.
This research approach allows for a comprehensive and innovative assessment of the impact
of digitalization on the competitiveness of the tourism sector in the European Union.

Further research may focus on identifying key challenges and barriers related to the
implementation of digitalization in the tourism sector. It is worth emphasizing that this
process requires not only appropriate investments but also a change in the approach to
management and ensuring a high level of data security and protection. The analysis of
these issues will be the subject of further stages of the authors’ work.
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Shriharsha, B. S. (2023). Role of social media in tourism marketing. International Journal of Creative Research Thoughts, 11(9), 84–92.
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