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ABSTRACT
With more and more people traveling worldwide (the number doubling in the last 20 years), tourist destinations are now more
than ever trying to maintain and enhance their competitiveness in the global market. In this regard, novel business models
combined with state-of-the-art technology can play a crucial role in not only satisfying the increasing tourism demand but
also ensuring a sustainable growth to avoid the deteriorating effects on both the social and natural habitat. For these reasons,
the Slovenian government included tourism as one of the priority areas for investment. Hence, the Tourism 4.0 initiative was
launched to unite tourism stakeholders with high-tech companies and unify their scattered ideas, experiences, knowledge, and
expertise. The ambition is to position Slovenia as a top destination for sustainable tourism with high economic value. This
chapter introduces the basic concepts behind Tourism 4.0 and how it relates to technologies for an enhanced tourism experience.
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Expansion of Technology Utilization Through Tourism 4.0 in Slovenia

INTRODUCTION
Within this proposed book chapter, the authors present the largest government-funded research and
development project in the field of Slovenian tourism, called Tourism 4.0 (T4.0) and launched in
September 2018. The name itself originates from the fourth and ongoing industrial revolution known
as Industry 4.0 (Vogel-Heuser & Hess, 2016), which is characterized by the cyber-physical systems
(CPS) manufacturing, consisting of a heterogeneous data exchange (Lu Y., 2016). If Industry 4.0 aims
to achieve higher added-value products and services though operational efficiency and the automation
of the production process by utilizing the modern technologies, Tourism 4.0 is aimed at doing the same
for the tourism sector.
The motivation behind the project is that, unfortunately, a gap between the tourism industry and the
use of emerging technologies still exists. Some of the obstacles for a greater technology implementation are the lack of sufficient knowledge, tools and strategies. These issues are already being addressed
within the context of Smart Tourism (Gretzel, Sigala, Xiang, & Koo, 2015), an initiative aimed at applying technological innovations to improving the efficiency and sustainability of the tourism sector,
while at the same time enhancing the local residents’ quality of life. There are three main components
associated with Smart Tourism:
1.

2.

3.

Smart Destination –a tourist destination where the state-of-the-art technology is integrated in the
destination’s own infrastructure. It applies the same principles of accessibility, efficiency, sustainability and quality of life as Smart Cities, only in this case they are extended to include tourists (in
addition to local residents) (Buhalis & Amaranggana, 2013).
Smart Experience – the convergence of technology and tourism experience (Hunter, Chung, Gretzel,
& Koo, 2015). One of the requirements is a technological platform for instant tourism-related
information exchange between the stakeholders, thereby also creating a large amount of data in
this process – known as Big Data (Buhalis & Amaranggana, 2015). Through this data, destinations can provide personalized services and products to tourists in order to enhance their tourism
experience. In this context, the tourists themselves become active participants in the creation of
their own experience by sharing the information about their preferences and past experiences.
Smart Business - a complex business ecosystem which includes a strong collaboration between the
public and the private sector (Buhalis, 2000), defined by the digitalization of business activities
and by the rapid responses to the changes in the market. As a result of the data sharing between all
stakeholders, consumers are also included in the product/service creation process as an important
source of knowledge for innovation (Foss, Laursen, & Pedersen, 2011).

Recognizing the potential of the Industry 4.0 technologies by merging them with the concept of Smart
Tourism, the T4.0 project ambition is to create a benchmark for the transformation of today’s Slovenian
tourism industry into an innovation-driven economy for the benefit of all participants. The main goal is
the establishment of a Collaborative Platform that will facilitate the exchanges between all of the stakeholders in the tourism ecosystem. The platform will also enable the collection, exchange and analysis of
data for the needs of strategic activities such as marketing, resource allocation, energy consumption and
tourist dispersion, all of which are aimed at improving the tourist experience and minimizing the negative
impact on the local environment. To this aim, the project partners have a set of defined technologies for
the improvement of business processes and activities in the tourism sector.
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BACKGROUND
The first forms of tourism were known already in ancient Egypt, whereas the ancient Greeks and Romans
devoted considerable attention to traveling for pleasure and even developed a concept associated with
what we understand as vacations (Rabotić, 2014; Korstanje & Busby, 2010). Modern tourism, according to many historians (Zuelow, 2015), started to develop at the end of the eighteenth century and is
recognized as one of the most important commercial activities today. It accounted for generating 10%
of the total employment in 2018 and represented a share of 10.4% in the global economy GDP in 2018
(WTTC, 2018).
However, it has long been reported (Forster, 1964; Young, 1973; Pizam, 1978; Sunlu, 2003) that
host locations can also experience several negative consequences, resulting in a degradation of both
the natural and social environment. At the destination level, examples of such negative consequences
include the following:
i.)
ii)

Overconsumption of water, where in some countries the tourist sector represents more than 10%
of the domestic water consumption (or as high as 40% in the case of Mauritius) (Gössling et al.,
2012); and
Skyrocketing of rental prices, like in the case of Barcelona, where the price of residential apartments
can reach vacation apartments price level (Martín Martín, Guaita Martínez, & Salinas Fernández,
2018).

At the global level, tourism-related activities already account for 8% of the global greenhouse gas
emissions (Lenzen, et al., 2018), representing a significant factor, associated with climate change.
Similarly, the negative effects on the cultural heritage and its role in society have been associated with
over-tourism and banalizing or “disnifying” tourism (Ashworth & Tunbridge, 1990), which have led
to a ‘multiplicity of standardized attractions that reduce the uniqueness of urban identities even while
claims of uniqueness are more intense (Zukin, 1998).
At the same time, when properly implemented, tourism has the potential of driving positive social
transformation (Tovar & Lockwood, 2008), bringing economic benefits (Frechtling, 2000) and resulting
in sustainable development (McCool & Moisey, 2001). The latter is recognized by the United Nations
Organisation in their recommendations on implementation of the 17 Sustainable Development Goals
(SDGs) (World Tourism Organization and United Nations Development Programme, 2018). In this
regard, the use of new technologies plays an important role in facilitating a more environmentally, socially, culturally and economically sustainable interaction between visitors, local communities, tourist
landscapes and the cultural heritage, e.g. the so-called “intelligent entertainment” (Mencarelli & Pulh,
2012) and “edutainment” (Addis, 2005).
Before moving on to explain the main focus of this chapter and how new technologies can improve
every stakeholder’s experience in tourism, the authors present the characteristics of Slovenia as a destination with a great potential for improving its current state of tourism. Slovenia is a relatively small country
with a population of around 2 million and covering an area of 20 273 km2, located at the crossroads
between the central and Southeastern Europe at the intersection of three globally recognizable regions
(the Alps, the Mediterranean and the Pannonian plains). After gaining its independence from Yugoslavia
in 1991, the country faced a sharp decline in tourism and lost almost 75% of foreign visitors (Sirse &
Mihalic, 1999). However, in the last 20 years a number of measures were implemented in order to boost
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Figure 1. A division of Slovenia into 4 macro destinations

the Slovenian tourism and make it internationally competitive. Among the actions taken is the establishment of a system of macro-destinations by the Slovenian Tourist Board, based on geographically defined
units and with similar strategic elements (e.g. main products and services). These destinations, shown
in Figure 1 are: the Alpine Slovenia, the Mediterranean Slovenia, the Thermal Pannonian Slovenia and
Central Slovenia with the capital Ljubljana. Two more important drivers of Slovenia’s tourist brand and
its tourist offer are also the natural environment and the natural heritage (especially the outdoor activities, the natural sights and the rich gastronomy). The cultural heritage (comprising more than 30.000
immovable cultural heritage monuments), on the other hand, still presents immense opportunities for
further interpretation.
As a result of past efforts, there are record numbers of tourist visitors today, going hand in hand with
a notable global interest in Slovenia as a destination. In 2018, more than 5.9 million tourist arrivals and
15.6 million overnight stays were recorded in Slovenia. Most of the visitors come from abroad, with
Germany, Italy, Austria, the Netherlands and Croatia topping the list. Visitors from these countries combined accounted for more than 30% of the total visitors (see Table 1). This represents an increase of 8%
in arrivals and 10% of overnight stays, as compared to 2017, making this the fifth consecutive year of
growth in tourist visits. In the same year, tourism accounted for 12.3% of the total gross domestic product and 12.8% of all employment (representing around 110 700 jobs). With this above-average growth
continuing in 2019 (see Total Slovenia News, 2019), which is forecast to continue in the near future,
the Slovenian tourism industry is becoming one of the most important economic sectors in the country.
However, despite the aforementioned achievements, some pressing issues remain open, and continue
to hinder further progress of tourism. Among the most visible are the shortage of workforce and the low
wages. This is illustrated by Figure 2, depicting the average salary of hotel employees in the past 4 years.
The pay in this sector accounts for only around 80% of the national average salary. When inspecting the
employees in holiday homes, the situation is even worse - their average gross salary is below 70% of the
national average salary. As a consequence, employers are experiencing great setbacks when looking for
trained and competent staff, mainly due to the harsh working conditions and low salaries.
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Table 1. Number of foreign tourist arrivals and overnight stays in 2018. The data is courtesy of the
SURS—Statistical Office of the Republic of Slovenia
Country of origin

Tourist arrivals

Tourist overnight stays

Number

Percent of total

Number

Percent of total

Germany

506 081

8.6

1 362 214

8.7

Italy

598 825

10.1

1 334 059

8.5

Austria

381 709

6.5

1 011 135

6.5

Netherlands

185 257

3.1

612 710

3.9

Croatia

218 896

3.7

527 118

3.3

other countries

2534371

42.9

6 328 774

40.5

In order to tackle these issues, the partnership for Strategic Development and Innovative Partnership in
Tourism (SRIPT) was launched by the Tourism and Hospitality Chamber of Slovenia with the objective
to include tourism into the Slovenian Smart Specialization Strategy (S4) (published by the Government
of the Republic of Slovenia, 2015). The Smart specialization focuses on areas with growth potential. It
highlights the fields in which Slovenia has the critical mass of knowledge, capacities and competences
to reach a recognizable position within the global markets, making such sectors investment priorities.
Figure 2. Comparison between the national average gross salary and salary of employees in hotels or
similar accommodations and holiday homes or similar accommodations. Data courtesy of Statistical
Office of Slovenia.
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Among the key SRIPT performance indicators defined for the period until 2023 are the following:
1.
2.
3.

Increasing the added value in tourism by 15%;
Increasing the revenue under the heading of export travel by 4-6% annually;
Improving the energy efficiency of tourist facilities by 20%.

Tourism 4.0 follows the SRIPT goals, directly addressing two key priority fields: information-based
marketing and technological solutions. The project initiative was launched by the high-tech company
Arctur, which identified the lack of readiness to embrace the use of the key enabling technologies in the
tourism sector, especially among small and medium enterprises. Consequently, the Partnership for Tourism
4.0 was established to strengthen the collaboration between various stakeholders willing to participate in
the research and in the further development of tourism. The project brings together business companies,
governance bodies and top researchers in tourism and IT technology. The evolving partnership already
boasts a number of prominent members, such as the Slovenian Ministry of Economic Development and
Technology as well as the Ministry of Public Administration, the Tourism and Hospitality Chamber
of Slovenia, the Association of Towns and Municipalities of Slovenia, the University of Ljubljana, the
University of Maribor, the University of Primorska and many other partners.

MAIN FOCUS OF THE CHAPTER
The primary goal of the project is to establish a collaborative ecosystem that is focused on merging
both the physical and the digital space into a personalized experience. At the same time, it is also aimed
at promoting sustainable and socially conscious aspects of tourism. For this reason, the Tourism 4.0
ecosystem is defined under the assumption of connecting all stakeholders, which includes the local
community, the various levels of government, the tourist service providers and the tourists themselves,
while at the same time promoting their collaboration (see Figure 3). The existing business activities
and processes are being identified and analyzed within this collaboration in order to encourage more
innovation in tourism and to foster strategic thinking.
Tourism 4.0 project can be roughly divided into two main phases, both of which are further explained
in the following part. In the first phase, a basic study is being conducted on the current state of the Slovenian tourism, including on the level of technology use, in order to develop a theoretical model of the
ideal tourism and to quantify the deviations from this model. At the same time, a technological research
on selected innovative technologies is carried out that could help optimize business processes, improve
the tourist experience and minimize the negative impacts of tourism. Based on the results obtained from
the aforementioned research activities, a modern, technologically-supported Collaboration Platform for
all stakeholders in tourism will be created. The platform will allow for communication, monitoring and
analytically supported decision-making at the level of providers, consumers and destinations. The second phase includes demonstrative testing of the Collaboration Platform in a controlled real-environment
along with the technological tools analyzed in the research.
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Figure 3. Tourism 4.0 ecosystem of collaboration between all stakeholders in tourism

Basic Research Phase
Tourism and technological advancement have been inter-connected for a long time (Poon, 1993; Buhalis
& Law, 2008). Among the major milestones in this process, one could note the introduction of the Computer Reservations Systems (CRSs) in the 1970s, the Global Distribution Systems (GDSs) in the 1980s
and the spread of Internet in the 1990s. Because tourism is a part of the global economy today, tourist
destinations have to be, now more than ever, innovative as regards the use of new business models and
state-of-the-art technology. To achieve this, first and foremost, the adequate information on the stateof-the-art and future trends is necessary.
Through the basic research phase, the aim of the project is to develop and introduce a comprehensive
ecosystem, based on the theoretical model named Tourism Impact Model (TIM). TIM encompasses a
system of motivation and rewards for positive behavior, i.e. behavior with positive consequences on
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the social, environmental and economic aspects of the tourism sector. The latter encompasses positive
impacts on tourism as regards local inhabitants, tourists and other stakeholders. The model is based and
sustained with the data gathered with the help of key enabling technologies, as known from the Industry 4.0. These technologies will be used initially to develop the tools that support the management of
tourist flows in the context of the local tourist carrying capacity and will be consequently providing the
instruments for potentially preventing the occurrence of over-tourism. In parallel, bibliographic research
is being conducted on selected technologies for establishing their present and potential use in tourism.
This chapter section is dedicated to providing an explanation of both TIM and the technologies selected for a detailed study. The results will allow us to compare the ideal tourism ecosystem based on
the literature review with the existing state of tourism and show us how the key enabling technologies
could be used to manage the transition from the existing tourism ecosystem closer to an ideal one. The
outcome will be presented in a research report, summarizing the results and suggesting a set of recommendations on how to improve the overall state of tourism. Also based on the above-mentioned research,
the development of a prototype version of the Collaboration Platform will begin, encompassing steps
from user environment design to generic technology development and technology integration.

Tourism Impact Model
The Tourism Impact Model (TIM) represents one of the tools of the T4.0 platform. It is designed to support the digital transformation of processes with the aim of understanding the respective micro location’s
existing state and future predictions according to the so-called strategic thinking 4.0, which is focused
on raising sustainable tourism to its maximum possible potential level. The greatest value of TIM for
users is the planned integration of the quick response mechanism. The model combines a study of the
methodology of the carrying capacity with the technological components, including data from different
sources, to provide recommendations for respective micro locations. These recommendations would be
more in-depth than mere policies and adjusted according to the specific characteristics of each micro
location, respectively, rather than staying general. The overall approach to the development of the TIM
tool follows the stages described below.
The first stage is the identification and a critical review of the existing methodologies for measuring
the carrying capacity at tourist destinations and of the models for the visitors’ management. There are
several tourist-carrying-capacity models, both applied and theoretical. For example, the maximum carrying capacity concept could be formalized by applying the Fisher and Krutilla model (Fisher & Krutilla,
1972) or the Canestrelli and Costa’s model (Canestrelli & Costa, 1991). The selection and development
of the most suitable method will take into account the local and regional specificities (i.e. macro destinations in Slovenian tourism) and the interconnection of indicators (e.g. for benchmarking), as well as their
dynamics. Monitoring the indicators dynamics is important, since the carrying capacity is a category
that sets the scale for measuring environmental stresses on one hand. The dynamic monitoring, on the
other hand, makes it possible to assess the degree of tourism-related pressures within a given period and
opens up space for timely action.
In the second stage, the methodology will be developed for measuring the tourist capacity of the
various types of territory of stakeholders, respectively. An analysis of the strategic tourist flows and the
niche tourist flows in each type of the stakeholders’ territory is planned, in order to design the model
for measuring the carrying capacity of destinations and to cater for the selection of the relevant digital
tools for the data harvesting and analysis. There are a great number of potential indicators for monitor-
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ing the carrying capacity, as well as for drafting recommendations for the macro and micro destinations (in the case of Slovenian municipalities) on how to properly collect and process the required data.
When measuring the values of these indicators, we are primarily interested in two major aspects: what
is the impact of tourism activities at a specific micro location and what are the degrees of collaboration
between different stakeholders at the same micro location. Thematically, the identified indicators are
categorized into six groups:
1.
2.
3.
4.
5.
6.

Economic indicators (growth, income, accommodation, employment, local crops and livestock
products, real estate, seasonality);
Social indicators (impact on local communities, safety and health, adjustments for people with
disabilities, cultural heritage, concentration of demand and supply, meeting the needs of tourists
and local residents);
Environmental indicators (air quality, consumption of drinking water, disposal and treatment of
waste water, waste management, traffic-related data such as transport-related pollution, energy
consumption, environmental assessments);
Infrastructure indicators (cycling route network, charging stations for electric cars, road network
congestion, public transportation, parking lot occupancy);
Political-civilian indicators (participation of local residents in local government decision making,
NGO support, collaboration between neighboring locations);
Collaboration indicators (although interwoven in all other aspects above, a special focus and care
is dedicated to the understanding and evaluation of the natural environment and to the level of
collaboration between different stakeholder).

Through the selection of indicators, the project aims to determine the tourist carrying capacity in all of
the indicator groups by applying the Multi-Attribute Decision Making (MADM) theory, using the opensource DEXi visualization and the analytical platform (Bohanec, 2008). The methodology of MADM
DEXi is based on the decomposition of a large complex problem into sub problems, which are smaller,
less complex and easier to solve than the overall problem. The situation is presented graphically by a
hierarchical tree of attributes. Each alternative is evaluated by each attribute and subsequently formulated
again by a single value. The aggregation of values (the utility function) is defined by a set of simple
“if-then” rules, which are, compared to the linearly weighted sum, more suitable for expressing nonlinearities in decision knowledge and are easier to understand. The hierarchical tree of attributes presented
as a set of decision rules (utility functions) that are defined by experts, represents the knowledge base.
The TIM will enable each respective location to determine, with the help of experts, the threshold
values of its carrying capacity in terms of the basic indicators like air quality, water supply, waste disposal,
tourist accommodation, traffic load, etc. In this way, the destination can obtain a detailed assessment of
the status and a comparison to the referential and the regional average values. Each destination will be
able to see what their advantages, opportunities and risks are. Depending on the availability of the data,
the system will enable for real-time impact assessments, thus providing decision makers with a reliable
foundation for strategic decision-making and adopting adequate measures in the processes of digitalization. The result in the form of visual representations will help them to grasp their level of preparedness
and empower by providing the guidelines for further actions. Through the analysis of the data, provided
from selected sources, TIM can also generate tailored reports for the respective destinations. Such reports
can include the visualization in the form of a “traffic light”, depicting in this way the existing state as
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Figure 4. Key enabling technologies with the potential for use in the tourism sector

compared to the critical limit values. In such visual representations, areas that are below the predefined
critical values are marked in green, whereas yellow indicates an approaching warning and red appears
when the values are above the critical benchmark.
What the TIM strives to unlock is the innovation potential of the advanced technologies, originating
in the Industry 4.0. TIM aims to do that with the goal of tackling the challenges of over-tourism and
allowing for insights into the degree to which tourism in a respective location still has a positive impact
on the ground. In contrast to other similar initiatives from all over the world, we are trying to achieve
more sustainability in the tourism sector. This is encouraged by a bottom up approach, encouraging collaboration among all stakeholders in the tourism ecosystem, among the actors who are and always will
be co-creating the tourist experience. The results of our activities help destinations, be it municipalities
or any selected location of any size, to understand their limits and act strategically to create destinations
that people want to visit and live in.

Technology Research
The technology research in the scope of Tourism 4.0 is a bibliographic study conducted on pre-defined
technologies, such as blockchain, the internet of things, big data, high performance & cloud computing,
artificial intelligence and virtual & augmented reality, as shown in Figure 4. It is aimed at gathering
the required technical descriptions and identifying the (potential) uses in the tourism sector. Advanced
technological solutions are of particular importance for a sustainable use of resources within the accommodation facilities and for the optimization of business processes, such as:
•
•
•

the reduction of costs;
offering higher quality services;
the reduction of time spent on individual activities in the course of the business process.

In addition to being included in the recommendations for both tourism service providers and policy
makers, these technologies will be integrated into the Collaborative Platform to provide a new cooperative system for all tourist stakeholders. The respective technologies and their use in tourism within the
context of Tourism 4.0. are described below.
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Blockchain Technology
The first blockchain was introduced by Satoshi Nakamoto in 2008 as the supporting technology for
Bitcoin, a peer-to-peer electronic cash system (Nakamoto, 2008). While there is no universally valid
definition of blockchain, one can provide the following definition based on the peer-reviewed literature
(Seebacher & Schüritz, 2017): “A blockchain is a distributed database, which is shared among and
agreed upon a peer-to-peer network. It consists of a linked sequence of blocks, holding timestamped
transactions that are secured by public-key cryptography and verified by the network community. Once
an element is appended to the blockchain, it can not be altered, turning a blockchain into an immutable
record of past activity”.
The blockchain technology presents a wide range of possibilities, and can be implemented into any
service provided, thus gaining attention of many different industries. Tourism is among these, with a
special interest pertaining to the areas of booking, reservation and payment systems (Önder & Treiblmaier,
2018). However, the real potential of this technology lies in building reliable, flexible and stable systems.
Such systems tend to rely on a large number of transactions between the users, where any interaction
between the users is considered a transaction, whichis not limited solely to financial transactions. Therefore, the most important factors to be considered when dealing with smart distributed systems are the
transaction costs, the transaction times and the permeability of transactions.
The blockchain technology is an ideal match for systems and platforms that would profit from the
fact that no single person or company can exercise control over them. As such, two specific use cases
are being developed to be included into the Collaboration Platform later:
•

•

A Digital Passport for tourists, where the blockchain technology can be utilized as a data storage
solution. With the Digital Passport, tourists are able to build their own personal profile based on
the shared information, preferences and interests, with the purpose of receiving recommendations for trips, activities or products. All of the user data or their hashes can be stored in a public
or private blockchain. The main advantage of this is that no one owns or controls the database
and the access to the data in this way. In a “traditional” system, if the database owner ceases to
exist or decides that they are no longer interested in maintaining the database, other connected
products can be left nonfunctional. In distributed systems, however, this kind of risk is averted,
because a consortium owns the database, both legally and through a technical implementation of
the blockchain technology. Blockchains can also be used to store information which users share
through their profiles. The benefits include the fact that a clear and transparent system is put in
place, which allows for backtracking of profile sharing and data access. Should any privacy issues
occur, there is a record for every time a user has shared their data with an agent.
A Collaboration Impact Token (Peceny, Urbančič, Mokorel, Kuralt, & Ilijaš, 2019). The idea of
the Collaboration Impact Token (CIT) is to provide a reward system for tourists. These tokens are
a blockchain-based crypto currency, awarded to tourists as incentives for the behavior which is
beneficial to the local community and to the environment. The emphasis is on sustainability, e.g.
consuming less energy or using public transport. In turn, these tokens can be used for purchasing
other tourist goods. Their most important feature is the assignment of a dynamic value, dependent
on the location and a given time, i.e. a higher value at the touristic periphery or during low tourist season. The CIT will be stored in a digital personal user wallet, which can be integrated into
Digital Passport.
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Internet of Things
The IoT or Internet of Things represents all of the inter-connected devices that communicate with each
other through the Internet. There can be more than one communication mode, ranging from the communication between devices and people to communicating among the devices themselves. A larger number
of uniquely determined devices can be connected into the IoT, which, with the help of sensors, transmit
the various data to the Internet, thus making it available for other users. The technology breakthrough
in IoT (along with smart cities, Big Data, and Cloud computing) has contributed to designing the notion of smart tourism (Kaur & Kaur, 2016). The greatest impacts of the IoT technology are expected in
the fields related to personalization (e.g. the use of tablet computers or smart TVs in hotel rooms for
adjusting the room temperature, the television control, the lights, etc.), in accessing real-time data (e.g.
notification of the change of flight directly to one’s mobile device), in simplifying certain tasks, in easier
management of customer relations, for improving the tourist experience or in simplifying maintenance
tasks (e.g. instantaneous error notification) (Dave, 2018).
For Tourism 4.0, the IoT can present an effective tool to monitor and reduce the negative impacts of
tourism, notably through installing the sensors for monitoring the energy and water consumption or the
waste production. It can also offer an upgrade of the already existing services, such as virtual bulletin
boards, by displaying context-sensitive ads in accordance with a generalized Digital Passport profile of
tourists who are located near a respective location.
Big Data
Big data refers to a large amount of data that can be processed, analyzed and used to support decisionmaking (Hung, 2016). While there is no single definition of big data, the definitions usually include the
characteristics, pertaining to data volume (the quantity of data), velocity (the rapid data collection and
analysis) and variety (the various types of data from different sources). Big data has already proven useful
for marketing purposes (Elgendy & Elragal, 2014; Xu, Frankwick, & Ramirez, 2016) and in the fields of
the biomedical research and healthcare (Luo, Wu, Gopukumar, & Zhao, 2016; Raghupathi & Raghupathi,
2014). In tourism (Li, Xu, Tang, Wang, & Li, 2018), big data is being used, too, notably to study the
tourist behavior (Miah, Vu, Gammack, & McGrath, 2017). Big data can be effectively used to facilitate
exploring the popular tourism destinations (i.e. where to travel) (Lee, Cai, & Lee, 2014), the searching
for effective travel routes (Kurashima, Iwata, Irie, & Fujimura, 2013; Lu, Wang, Yang, Pang, & Zhang,
2010; Okuyama & Yanai, 2013) and for identifying the best timeframe to visit a specific destination.
Tourists produce a huge amount of data on the global scale, which can provide valuable insights into
their practices and attitudes. This data is collected and “owned” by a range of actors, public and private,
for their own business and administrative purposes, such as billing. However, after the primary use this
data often remains un-shared, thus limiting the potential for cross-analysis and business intelligence that
could provide a boost for the tourism sector. With the appropriate data collection and analysis, complex
Big Data analytics can be applied within the context of Tourism 4.0. This would allow for a deeper
insight into the tourism sector, as compared to more traditional methods of surveys and interviews with
focus groups. This in turn can encourage more sustainable strategies and business models in order to
tackle the negative externalities presented by modern tourism, while at the same time improving the experience of both returning and new visitors. A special focus is put into developing a tool for monitoring
and visualizing the tourist mobility patterns through various sources, such as reports of mobile phone
activities, traffic counters and street cameras. By combining the (appropriately anonymized) mobility
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data in tourism with other data available (i.e. accommodation capacities, resources available, population density, traffic pollution, etc.), trends in tourism throughout seasons can be monitored, in order to
identify the destinations (both local and regional) where peaks are unsustainable, thus identifying the
possible strategies for a diversification as well as new marketing approaches. Through this process, a
diversification of the tourist flows can be promoted or a more effective distribution can be planned over
time, to minimize the negative impacts of the existing peaks and – most importantly – to identify the
areas for improvements and innovation.
High Performance Computing and Cloud Computing
A high-performance computing (HPC) system is a tool used to tackle problems that require substantial
computing resources or a length of time and therefore cannot be processed using personal computers due
to their limitations. Normally the HPC services are provided by supercomputers that can be accessed
remotely, using the network. Traditionally, they have been used in scientific and engineering fields, which
require large quantities of data to be processed, e.g. in weather forecasting, steel casting simulations and
in aerodynamic research. Recent uses include projects in the artistic and creative industries, which are
due to the rapid advances in the area of 3D technologies.
Cloud computing refers to the practice of using a network of remote servers hosted on the Internet to
manage, store and process data, instead of using a local server or a personal computer. These services
are broadly divided into three categories: Infrastructure-as-a-Service (IaaS), Platform-as-a-Service
(PaaS) and Software-as-a-Service (SaaS). The most relevant advantage of using cloud computing is the
overall reduction of fixed costs and the possibility of shifting those costs into operative costs depending
on the demand (Etro, 2009). This facilitates the market entry for smaller entities like SMEs, startups or
public institutions, since it removes the need to purchase and maintain expensive equipment. Also, the
expanded use of the Internet of Things has led to the production of large amounts of data that requires
storage, processing and appropriate access, with cloud computing providing an appropriate dynamic
and flexible support infrastructure.
Cloud computing offers many advantages over other distributed platforms, lately including HPC as a
Service (HPCaaS), which aims to provide scalability of resources, cost-effectiveness and no-maintenance
for end users (Sha, et al., 2019).
While certain case studies on the uses of HPC and Cloud computing in the tourism sector can be
found, they are mostly limited to big players like Airbnb (AirbnbEng, 2010), Red Lion Hotels Corporation (AWS Case Study: Red Lion Hotels, 2019) and SETTOUR (AWS Case Study: SETTour, 2019). On
the other hand, there are many examples of success stories of SMEs using HPC that have led to business
benefits and could also be applied to tourism. For example:
•

•

In the field of urban planning, building-performance was modelled in order to create more sustainable buildings (HPC-Cloud-based urban planning, 2019). Large simulations were performed
quickly and effectively through Cloud-based HPC, which significantly decreased the operation
time and substantially increased the number of buildings per simulation. The same principle can
be applied when designing new or improving existing tourist accommodations.
For predicting air quality, Cloud-based HPC services have been used to investigate the air-quality
in large urban areas, cities and towns (HPC-Cloud-based prediction of air quality, 2019). Running
simulations by using HPCaaS helps to increase the number of scenarios which can be simulated
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•

realistically in a given time and to reduce the computational time needed for simulations. The
outcomes of using this system include shorter times for simulations and cost reductions. In tourism, this can be used to monitor the increase in pollution, caused by tourism-related activities in
near-real-time, and consequently to adapt appropriate reduction scenarios.
HPCaaS has been used in environmental consulting for the design of industrial plants and public
infrastructure by using simulations for modeling the emissions and water consumption, in order to
estimate their impact on the environment (Cloud-based environmental modelling, 2019). Tourism
encompasses the need for adequate infrastructure, and a similar method can be used to improve
the planning of tourism-related facilities.

The whole Tourism 4.0 Collaborative Platform will be developed on an HPC infrastructure, consisting of the general computing infrastructure, the GPU core processors and a dedicated memory partition, coupled with a highly fault tolerant parallel storage. All this is available through Arctur, a leading
HPCaaS provider in the region.
Artificial Intelligence
When discussing Artificial intelligence (AI), people often refer to the simulations of human intelligence
processes by computer systems and other machines. These processes include, but are not limited to
learning, reasoning and self-correction. AI has been applied to a number of different fields, including
organic chemistry (Lindsay, Buchanan, Feigenbaum, & Lederberg, 1980), healthcare (Hanson & Marshall, 2001), photovoltaic (Mellit & Kalogirou, 2008), finance (Bahrammirzaee, 2010) and many others.
Considerable attention has been given to the application of AI to tourism forecasting (Cho, 2003; Yu
& Schwartz, 2006). It has been proven that the AI-based forecasting methods like the neural network
model, the fuzzy time-series theory and the hybrid grey theory can surpass the traditional forecasting
methods (Wang, 2004).
It can be concluded, therefore, that the use of forecasting with the help of AI in Tourism 4.0 lies
in the ability to predict long- and short-term demands of tourists, in order to support decision-making
regarding resource allocation, investment planning and economic policy directions.
Virtual and Augmented Reality
Virtual reality (VR) is a three-dimensional, interactive computer-generated environment that allows the
user to experience both real and unreal events (Perry Hobson & Williams, 1995). There are three key
elements that define a VR experience (Cruz-Neira, Sandin, DeFanti, Kenyon, & Hart, 1992; Williams
& Hobson, 1995):
1.
2.
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Visualization Components: These components include the 3D vision, the clarity and linearity of
vision as well as the ability to look around a particular point, all of which is achievable by using a
virtual reality headset.
Immersion: A key factor of a VR experience is the perception by the VR user of actually being
present in a virtual world, i.e. their isolation from the real world. This is achievable through panoramic surroundings and the surrounding acoustics, by the reaction of images to the movements
of the user and through physical representations of objects.
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3.

Interactivity: This is the control of participants over the experience. The combination of many
kinetic effects helps to provide additional realism to the whole VR experience by tricking the human brain into believing the illusion.

Since the tourism sector is aiming to offer different types of experiences to guests, the VR is quickly
gaining importance for the sector. Some of the immediate uses for VR in tourism are (Guttentag, 2010):
in planning and management, in marketing, entertainment and education, as well as relating to accessibility and preservation of heritage.
Augmented reality (AR) is a visualization technique that superimposes computer-generated data
(video, graphics, text and other multimedia formats) on real-world images that are captured by the camera
(Kounavis, Kasimati, & Zamani, 2012). In this way the AR can provide an augmentation of a person’s
view of reality by enhancing the perception of the surroundings with the help of a computer or a mobile
device. Thanks to smartphones, the AR technology has become available in one small portable device
and accessible to an even wider public, including as a tool to improve the tourist experience. For example,
by pointing the smartphone with an AR application towards a particular object or location, the user can
see additional information on top of the real-world camera view (Yovcheva, Buhalis, & Gatzidis, 2012).
Hence, the AR can assist tourists with important information regarding attractions, events or destinations.
For Tourism 4.0, VR & AR are particularly important in view of designing the innovative digital
services that offer enriched touristic experience, like visiting locations with difficult accessibility or
experiencing digital depictions of historic sites. Users would also be able to create their own personalized virtual excursions, contributing to the personalization of tourism in this way.

Experimental Testing Phase
The next phase of the Tourism 4.0 project is the T4.0 Living Lab Slovenia, which covers the setup of an
experimental environment, enabling a demonstration of the technological tools described in the previous section and their potential for use in tourism. This project connects Slovenian tourism stakeholders
and high-tech companies for the first time in history, in order to identify and unify the dispersed ideas,
experiences, knowledge and expertise, along with linking them into a collaborative relationship. For the
purpose of testing, validation and demonstration of product innovations, the T4.0 Living Lab Slovenia
project will establish a testing ground near the town of Postojna, (see Figure 5), one of Slovenia’s most
important tourism destinations due to its long-standing history of cave tourism (Gunn, 2004; Šebela, 2019).
The goal of this phase of the project is to further develop and test the comprehensive business and
innovative tools developed by Tourism 4.0 in a controlled environment. This will facilitate the tourist
economy to reach higher levels of interaction between the guests and the providers of tourism services
and products. The products and services presented in the Living Lab will enable tourists to have a completely new personalized experience, while companies will achieve greater business excellence and have
better business outcomes, due to the fact that their tactical and strategic business decisions can now be
empirically supported.
The partners of this project will develop innovative solutions in line with the recommendations
provided through the preceding research phase. All users (tourists, tourism service providers and public
institutions) will be able to get acquainted with several interconnected technological modules. This phase
also provides an opportunity to test the Collaboration Platform with the support of the tools, developed
by using the technologies stemming from Industry 4.0, the result of which will be implemented into the
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Figure 5. The location of the T4.0 Living Lab Slovenia, near the town of Postojna

final market-ready business product. Following additional elements for the comprehensive ecosystem
will also be developed:
•
•

An interactive interface to facilitate communication between tourists and the tourism service providers, which will enable connectivity with all enabling tools, user applications and databases on
the Collaboration Platform.
Applicative solutions in five focus areas (the development of which will be carried out by providers of tourism services with the participation of partners, active in the technological field):
1. Developing smart systems and services to optimize resource use. The project will explore
and test technologies for reducing the consumption of energy in tourism facilities;
2. Developing smart systems and services to improve the tourism experience;
3. Additional enabling tools (implemented by technology partners);
4. A digital tool for measuring and understanding the behavior of the guest in different contexts,
which will be the basis for the development of new business decisions and solutions;
5. A web-based tool, together with a reservation system for managing and integrating tourism
offers in destinations, with the aim of achieving the best possible experience for the guest
and raising business opportunities in the field of tourism. The latter leads to an increase in
the value added of tourism, to more job opportunities in tourism and the rise of business opportunities in tourism.

The testing, the validation and the demonstration of the technology, the applications (the products and
the services) and the Collaboration Platform itself will be carried out in an experimental center consisting of 20 high-tech demonstration units with a central space and the supporting infrastructure. During
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the duration of the project, the authors expect to have a minimum of 1000 tourists and a minimum of 50
tourist stakeholders participating in this innovative environment.

Innovative Potential of the Project
The Collaboration Platform represents a completely new basis for the development of a comprehensive innovative environment in the field of tourism. For a successful implementation it should include
knowledge about:
•

•

The field of tourism, i.e. the definition of cooperative roles of the tourism providers, the tourist,
the local community and the national government. Among other things, it needs to define the
models of interaction, and define the tourist both as a co-creator and as a user of the new products
in tourism. It should be defined what tourism providers and tourists can acquire using the latest
technologies, without forgetting one of the most important topics - the safety of personal data.
The field of ICT technologies, i.e. the definition and application of technological standards in the
tourism ecosystem. This includes the development of integration platforms IoT, blockchain, data
and text mining using artificial intelligence and others.

The central innovation of the T4.0 Living Lab Slovenia project is the establishment of a research
environment, allowing for development and innovation, facilitating the direct interaction between tourists
and other stakeholders. In this environment, the tourist appears in three roles: as a guest of a particular
destination, as a temporary resident of the local environment and as an innovator contributing to the
reduction of negative effects of tourism activities. In terms of the technological achievements, this environment consists of advanced applications that act as an interface between the tourism providers and
the tourists. As mentioned above, these applications are the first tools of their kind in the world, with
which tourists are able to communicate directly, interactively and safely with the tourism providers, in
order to improve their user experience. Since it is crucial that an interactive cooperation is established,
a transparent and trusted environment must be created, which will encourage the development of new
tourism solutions using industry-wide enabling technologies for an enriched tourism offer.
Non-technological innovations are marked by the transformation of the tourism providers and tourists into groups of people that use modern digital technologies for new tourist experiences and practice
sustainable behavior. This cooperation requires new business models and the rethinking of processes
by tourism providers, as well as new forms of tourist behavior. The innovation for companies means a
significant leap towards a more personalized offer for the tourist, improved practical uses of enabling
technologies in order to increase the satisfaction of the tourists and of other stakeholders involved in
tourist experiences, as well as to achieve better business results.

SOLUTIONS AND RECOMMENDATIONS
The results of the basic research are the assessment of the level of technology-use in the field of tourism and the preparation of a set of recommendations to tourist service providers, destination managers
and public institutions, including the use of technology for the optimization of business processes and
activities. These will be set out in the form of recommendations, made publicly available to tourist as-
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sociations, the Chamber of Commerce and Industry of Slovenia and to the Association of Municipalities
and Towns of Slovenia. The project proposed also results in an innovative tourist platform for the active
collaboration of tourism stakeholders, with the tourism providers and the tourists as the key actors.
Through the experimental phase T4.0 Living Lab Slovenia, the project will also provide both a demonstrative and an educational environment for tourist workers, students, managers and policy makers,
too. By piloting the tools provided within the Tourism 4.0 project it will be possible to leverage the tourist
potential by promoting synergies in a range of tourism “niches” (including as regards heritage, cultural
tourism, wine-related activities, city- and, rural tourism, to name but a few), while simultaneously being able to scale-up the cross-national and regional benefits of tourism. Overall, the testing phase will
provide an opportunity to:
•
•
•
•

Test, verify and expand the potentials of data collection for support to the tourism sector;
Discuss and develop concrete analytical tools to be used by all stakeholders in the sector;
Foster a greater involvement of the data owner and identify further business opportunities;
Set the foundations for the incubation and financing of business ideas (SMEs-based) in the region.

With the project, the authors want to demonstrate the true value of the key enabling technologies of
Industry 4.0 for the tourism sector, in terms of business excellence as well as in terms of sustainability.
Their introduction in tourism is expected to lead to high quality monitoring of the business processes
for empirically supported strategic planning, a higher level of responsible behavior from the tourists,
increasing the level of personalization of tourist offers and to an overall increase in the value added of
Slovenian tourism. The actions planned, the lessons learnt and the recommendations will also allow to
upscale the benefit of this pilot initiative EU-wide, notably by advancing sustainable tourism innovations across Europe.

FUTURE RESEARCH DIRECTIONS
In the light of the predicted future increase in the tourist activity, it is essential that the tourism supply is
constantly innovative and sustainable at the same time. The establishment of the Tourism 4.0 ecosystem
could address both of these issues by providing an environment that stimulates all stakeholders to exercise
more informed behavior. This innovative environment is independent of any geographic location and thus
implementable worldwide. Currently, plans are underway to establish large international consortiums
in the Alpine, the Danube and the Black Sea macro regions, where the tools developed through Tourism 4.0 will be implemented. Through the guidelines and recommendations provided, the results of the
targeted analysis are to be translated into strategic guidelines and policies. However, the aim is beyond
general, as the policy-specific guidance will be offered for a successful implementation and the use of
tools to help manage specific destinations move towards sustainable development.
Last but not least, Tourism 4.0 puts a special emphasis on the use of the smart technology applications for the heritage sector and the cultural tourism in the form of digitisation (transforming the real-life
cultural heritage into digital formats) and digitalisation (using new business processes for managing and
presenting the digitised heritage). This is primarily aimed at developing new points of interest, as well
as heritage-inspired digital branding, marketing and post-tourism creative narratives, and equally at the
use in management, monitoring and citizen participation. Hence, the proposed chapter will discuss the
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potential of Tourism 4.0 for the value chain – from “creation”, production/publishing, dissemination/
trade, exhibition/transmission, promotion, as well as use and re-use. It will include an overview of the
technologies available and possible, the case studies and business models in the heritage sector, as well
as an in-depth discussion of the required skill-sets for a successful implementation.

CONCLUSION
Through this book chapter, the project Tourism 4.0 is presented, which began in September 2018 and is
still underway. Tourism 4.0 strives to continuously optimize the interaction between the tourist and the
tourism providers, with the aim of responsibly and innovatively meeting their respective needs, while
including the local population and government bodies into the tourism process. Although initially lunched
in Slovenia, the project is already expanding across the national borders.
The authors introduce the two main phases of the project: the initial research and the experimental
phase. In the research phase, the consortium partners aim at gaining an in-depth understanding of the
present state in the Slovenian tourism with the aim of providing future improvements of tourist satisfaction levels, increasing the value added for service providers and minimizing the negative impacts of
tourism on the local community. For this reason, a great effort is put into the study of emerging technologies. In this part, a definition of an ideal tourism ecosystem based on the stakeholder collaboration is
being developed, accompanied by a description of the role of technology in reaching the desired goals.
The experimental phase is dedicated to setting up a testing environment where the technologies can be
implemented in a controlled real environment, in order to demonstrate the characteristics of sustainable
and personalized tourism.
To conclude, the Tourism 4.0 project aims to unlock the innovation potential in the whole tourism
industry by combining the tourism resources with the available technology, to leverage the existing local
and distributed attempts, the ready-made solutions, the development proposals and the initiatives which
are running at the levels of tourist destinations. The project not only intends to stimulate the exchange
of best practices and solutions between the stakeholders in tourism, but more importantly, wishes to
inspire innovation, sharing and collaboration between various entities, thus creating a unique innovation
environment. Tourism 4.0 also understands that technological infrastructure and smart tourism solutions can only act as enablers towards more sustainable tourist communities and as such encourage the
evolution towards symbiotic destinations.
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KEY TERMS AND DEFINITIONS
Artificial Intelligence: The ability of computers to imitate human intelligence and give the impression that the computer has learned human-like habits and patterns. This can be achieved through complex
algorithms, machine learning technologies and behavioral patterns.
Augmented Reality: Technology that upgrades the image of the real world with additional computergenerated information or virtual effects, such as images and sounds.
Big Data: Volumes of data that are too large and too complex to be processed by traditional dataprocessing application software.
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Blockchain: A chain of blocks containing data that is bundled together. This database is shared across
a network of computers (so-called distributed ledger network). Each data block links to the previous
block in the blockchain through a cryptographic hash of the previous block, a timestamp, and transaction data. The blockchain only allows data to be written, and once that data has been accepted by the
network, it cannot be changed.
Cloud Computing: Cloud computing refers to the practice of using a network of remote servers, hosted
on the Internet to manage, store and process data instead of using a local server or a personal computer.
HPC: A high-performance computing (HPC) system is a tool used to tackle problems that require
more computing resources or time than they can obtain on the personal computers, available to the
respective users to address them.
Industry 4.0: The name given to the fourth industrial revolution that includes the trend of automation
and optimization of the manufacturing processes using smart autonomous systems.
Internet of Things: Internet of Things or IoT represents all connected devices that communicate
with each other through the Internet.
Tourism 4.0: The trend of applying the tools and concepts of Industry 4.0 to the tourism sector, in
order to create a personalized travelling experience and a more sustainable tourism.
Virtual Reality: Computer technology that uses realistic images, sounds and other sensory experiences, created with specific software in order to mimic a real or imaginary environment and to simulate
the user’s physical presence.
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