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1. Introduction

The issue of exploring the security risks and the risk factors in the tourism industry has be-
come more and more current. Every travel process, tourist destination, and tourism activity
involves a certain risk level. The tourism development is also accompanied by the emergence
of new risk factors with the unpredictable impacts. In the recent period, the research trajec-
tories have focused on the different risk dimensions, the assessments of risk perception, the
behavioural risk aspects, and the risk influence on travelers’ attitudes have been intensively
investigated, but the investigation of impact frameworks is still missing (Lee et al., 2021;
Williams & Balaz, 2013). It is clear from many studies that tourism risk perception is a multi-
dimensional concept that consists of various travel and destination risk factors (Yang & Nair,
2014; Garg, 2015; Carballo et al.,, 2017). Risk perception by tourists is a subjective matter that
results in the different evaluation results, even if the same objects are offered to all the tour-
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ists. For a long period, research of the relationships between the tourism risk dimensions and
the concepts of behavioural science, which attitudes, behavioural intentions, and tourist satis-
faction are throughout the period investigated in (Karl & Schmude, 2017; Caber et al,, 2020).

Being in an unfamiliar environment, which is different from the place of permanent resi-
dence, the participants of the tourist movement are constantly under the influence of various
risk factors. The tourist does not know the customs, language, traditions, and lifestyle per-
fectly, is not immune to the diseases common in the given area, or is not adapted to living
and intense loads in the mountainous area, in the forest, or on the water. The safety of tourism
is the basis of the formation of the strategic potential for the development of tourism in the
region. The assessment of the level of tourism security should be related to the analysis of
current risk-oriented factors affecting the security of the regional tourism system, as well as
the identification of potential in the context of its further development. For example, the main
factors of danger: are the trauma-danger, dangerous effect of the environment, including pro-
duction sources — noise, vibration, fire hazard, chemical, radioactive, biological, psychophysi-
cal, natural, and personal safety in conditions of a criminogenic state, as well as specific risk
factors, characteristic of special types of tourism. The best way to investigate the risk factors in
one or another destination can only be done directly by the participants of the tourist move-
ment. In addition, the region or the state as a whole should know the safety risks of tourists,
and their proper management will lead to the development of regional tourism.

Our research is aimed at an integrated assessment of the degree of the security risk of
a tourist trip, considering: the attitude of tourists to their own safety and harassment at the
destination; the predicted level of repeated visits to the region by participants of the tourist
movement; expert level security of regional tourism systems. The integrated model is based
on the vertical from the personal individual sense of safety of the tourist trip up to the national
level of safety of regional tourism. To formalize the integrated expert model, the mathemati-
cal apparatus of the theory of fuzzy sets and fuzzy logic, expert evaluation, and intellectual
analysis of knowledge is used.

In this regard, the integrated model is divided into three stages:

= The first stage is the individual level of security of the tourist trip. In the first stage,

based on the group’s safety criteria and harassment at the destination, the resulting
terms are determined based on the fuzzy rules of belonging.

= The second stage is the regional level of tourist trip security. At this stage, the data

aggregation of the generalized value of the safety risk of the tourist trip and the pre-
dicted level regarding the repeated visit to the region, represents the level of the sense
of safety of the region on the part of the participants of the tourist movement.

= The third stage is the national level of tourist safety. Here, a quantitative assessment

and the degree of risk to the safety of a tourist trip are derived, taking into account the
level of the sense of security of the region on the part of the participants of the tourist
movement and the expert level of the regional tourism systems.

The essence of the model will be that, based on the attitude of the participants of the
tourist movement regarding their safety and harassment at the destination, the predicted level
of repeated visits to the region, and the expert level of safety of regional tourism systems, it
derives a quantitative assessment and the degree of risk of the safety of the tourist trip. This
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will allow analyzing the region from the point of view of the safety of tourist trip, taking into
account the safety of regional tourism systems, which contributes to the understanding of
both the consumer behavior of the market and the general trends of the development of
regional tourism.

In response to the above facts, it was decided to conduct an actual scientific study, the
main purpose of which is to develop an integrated expert model for risk assessment and
ensuring the safety of tourist trips, using the example of the countries of the Visegrad Group
(Czech Republic, Hungary, Poland, Slovakia).

The study originality lies in the fact that the assessment model of the security risks of the
tourist tours has not yet been created. It would consider the risks in an integrated framework
by interconnecting the three levels — the individual, regional, and national levels. This also cre-
ates a wide scope for its use in practice, not only for the construction of the policies, regional
development, competitiveness of the regions and the countries, but also for ensuring regional
and national security.

Based on the above, the scientific hypothesis of the study can be formulated as follows.
Suppose participants in the tourist movement in the selected region highly assess the safety
of the destination. In that case, there is a high probability of repeat visits to the region by
these participants. A high expert assessment of regional tourist systems is obtained, then this
indicates a low level of tourist travel safety risk, determined based on the proposed model.

Despite the large number of studies on risks in tourism, there is no integrated model
for assessing the safety levels of tourist trips that would take into account the subjective
perception of tourists, regional expert assessment, and the national level of risks.

2. An overview of existing research

Natural disasters, environmental and health risks have arised deeper research of their effects
on the decision-making processes of tourists and traveller's, as well as the impacts of risks
on the demand for tourism services and the tourism industry. More and more factors affect
the travel decisions with some factors also affecting tourism on a global scale (terrorist at-
tacks, economic and pandemic crises) (Agarwal et al., 2021). The decision-making process of
tourists has become more and more comprehensive. There may be differences in perception
of the security risks and concerns about them among tourists from the different countries
and continents, as well as the differences in the travel intentions. Some studies confirm the
influence of the socio-demographic factors on the different perceptions of the travel risks
and safety — for instance, age, education, status, religious affiliation (Reisinger & Mavondo,
2006; Simpson & Siguaw, 2008), and so on.

Despite these facts, little attention has been paid so far to the study of the differences in
the sensitivity of risk perception among tourists, as well as to the study of an attractiveness
level of the individual tourism segments in a relation to the external risks in international
travel. Many research studies categorise risks in various ways with the division of risks into
psychological and physical being the most widely applied. These can be influenced by the
different factors and the individual events (Sohn et al., 2016; Aliperti & Cruz, 2019).
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2.1. Tourists’ perception of security risks in the context of economic
and technological aspects of regional tourism safety

Although some tourists may perceive the risk environment as exciting, risk in tourism is seen
mostly as a costly restrictive process that is unbalanced with the tourism benefits. Many
research studies examine a wide spectrum of the security risks, but a majority of the studies
examine the impacts of these risks on the tourism industry rather than their impact and pre-
vention (Hajibaba et al., 2016; Balli et al.,, 2019). Also, there is little information about what
can influence changes in tourists’ risk perception and the impact of these changes on tourists’
decision-making processes. There is a certain critical value for tourists' perception of travel
risk with cognitive ability being an important factor affecting tourists’ level of objective risk
perception (Cui et al, 2016; Yang & Nair, 2014; Karl & Schmude, 2017).

The market segments with the different patterns of risk perception may also differ in the
behavioural and personal characteristics, while the cultural factors (Seabra et al., 2013), high
education level (Karl & Schmude, 2017; Ghosh & Batabyal, 2022; Sagovnovi¢ & Kovaci¢, 2021)
and high frequency of travel (Karl, 2018) are also important. Fletcher and Morakabati (2008)
also examined the differences of the external risks impact. They state that political events
such as a coup d'état and the domestic political problems have more serious impacts on the
tourism activity level than a single low-level to medium-level terrorist attack.

When exploring the risk perception factors, authors often distinguish between the ob-
jective and subjective factors of tourism risk perception. The authors examine the physical
characteristics and the psychological processes within the subjective factors. The objective
factors involve several dimensions: physical, economic, social, psychological, time dimensions
of the loss opportunities.

Travel risk has always been perceived as a complex of the risks related to the observed des-
tination and tourists. According to Reisinger and Mavondo (2005), travel risk perception was
a function of a cultural orientation and the psychographic factors, while distress was a function
of the perceived risk. The most significant predictors of travel distress were terrorism and
sociocultural risk.

The food safety risks in the international destinations can also represent a special category
of the tourist security risks as pointed out by Yeung and Yee (2013). The authors appeal for
the construction of the tools for assessment of the social and economic impact on the risk
perception by tourists in international tourism. The absence of these tools is also the reason,
why the relationships between the tourists’ risk perception and their satisfaction and loyalty
have not been explored yet (Hasan et al., 2017).

Many authors mention that the COVID-19 pandemic has enabled a better understanding
of the tourists' risk perception and to explore the determinants of the travelers’ decision-mak-
ing processes (Quan et al., 2022; Villacé-Molinero et al., 2021). An examination of the impact
of the security measures on the restart of tourism has become a serious strategic issue in the
tourism sector. Sharifpour et al. (2014) state in their study that it is necessary to investigate
the impact of tourists’ experience and knowledge as a multidimensional construct on their
perceived risk. The various dimensions of the risk perception among tourists can also arise
due to the application of the different information sources. Nagaj and Zuromskaité (2020)
perceive the security risks as a criterion for the competitiveness of accommodation facilities.
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The competitiveness of these facilities also results from the security level and protection of the
consumers of these services, while the quantity of these security measures is also important.

The importance of the health risks and their perception by travelers is documented in
considerable detail, while the psychological sciences also tackle intensively with this area.
Nevertheless, it is important to explore the deeper factors underlying the tourists' health risk
perceptions and the risk-protective behaviour including in the context of sensation seeking
(Chien et al,, 2017). Wang and Karl (2021) develop a model based on the tourist-destination
relationship and they propose an interdisciplinary plan to examine how tourists perceive secu-
rity risks in the terms of health in the post-COVID-19 pandemic. Also Golets et al. (2023) point
out that it is important to investigate the tourists behaviour and the factors influencing their
travel plans after the COVID-19 pandemic, because the perception of the health risks and the
impact of uncertainty on travel plans among tourists may have changed significantly in the
post-pandemic period. Osland et al. (2017) claim that ecotourists with intense motivation for
the selected destination are much more tolerant of the travel risks than tourists with social or
occasional motivation.

A positive perception of hygiene and health in the particular destination can significantly
influence tourists' satisfaction and loyalty (Tasci & Boylu, 2010). Zou and Yu (2022) consider
destination safety, safety climate and the safety role as an important subdimension of the
destination image. Recently, there have also appeared the studies focused on the ecological
safety that has an impact on several dimensions. Ying et al. (2022) investigate the areas of
the tourism ecological safety, ecological risk, and ecological health. They appeal to the need
to strengthen research on the threshold values, early warning systems and regulations, and
big data application, to build the mechanisms of the synergic effects between ecology and
tourism development, and to carry out the longitudinal studies.

2.2. Fuzzy approaches for assessing security risks in tourist travel:
economic and technological perspectives

The issue of investigating the security risks associated with tourism is still insufficiently con-
ceptualised, there is a missing suitable integrated framework for the risk perception in tour-
ism, as the available research studies tend to be empirically distorted. This causes the theo-
retical frameworks to be underutilised or only partially applied (Hsu & Lin, 2006).

The fuzzy approaches have become increasingly applied in solving the individual as well
as complex problems in the tourism industry and thus, they are not the only complementary
methods but also substitutes. Their preferences are justified by the strong potential for solving
the integrated tasks in the conditions of risk and uncertainty. Some studies explicitly pay an
attention to the fact that traditional security risk assessment schemes in the tourism industry
cause the large errors in evaluation that have encouraged the reevaluation of these methods.
Guo (2021) proposed a security risk assessment scheme for the tourism management systems
based on the PSO-BP neural networks that can effectively assess the security risks of the tour-
ism management systems. Fu and Tzeng (2016) propose a new procedure based on the fuzzy
approaches with the multiple criteria (MCDM) in the investigation of the security risks. They
integrate Fuzzy MCDM with a language scale that transforms the subjective knowledge of the
expert groups into a set of the objective safety management indicators for the hot spring hotels.
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Faraji Sabokbar et al. (2016) investigated the travel risk factors within the dimensions of the
internal risks and external risks and the seven criteria: political, economic, cultural-social, tech-
nological, environmental-health, functional, and safety criteria. They proposed a fuzzy expert
system through a knowledge base that can be a suitable tool for forecasting risks, fluctuations
and negative impacts on the development of destinations. For the future development of
destinations, the study of the risk effects and their interaction is considerably important.

The security risks can also be perceived through the climatological parameters that is also
declared by the study of Davila-Lamas et al. (2022). The authors proposed a fuzzy analytical
hierarchy process (FAHP), to evaluate the coastal and climatological parameters that represent
a part of the monitorable security risks of tourists. This model can help to prevent the acci-
dents and the dangerous situations.

The tourist destinations should have prepared the risk management processes not only
for the most likely risks, but also for the worst case scenarios. Fuzzy logic in a combination
with the other techniques have been increasingly applied in prioritising the risk factors and
investigating the differences in the risk perception at the different levels and in the various
population and socio-demographic groups of visitors. Zhu et al. (2021) recommends to em-
ploy the fuzzy approaches for prioritisation of the risk factors. In their study, they applied the
Fuzzy AHP_PROMETHEE approach that helps to evaluate the market risks of new cruise ships.
These tools will support the sustainable development of river navigation. Lin and Hsu (2013)
recommend to apply the approaches based on fuzzy logic when investigating the tourists’ risk
perception. They recommend to employ a hierarchy value map that fuses the attribute—con-
sequence-value and fuzzy linguistics in order to enable a better understanding of the tourism
risks and the risk factors. Weifeng (2005) creates a list of the safety components in order to
quantify the risks perceived by tourists considering different uncertainty levels. As a suitable
complementary tool in these processes, it engages the analytical hierarchical process method
to determine the weights of the various criteria of the evaluated risks and the subjective atti-
tudes of the evaluators.

Some authors perceive the importance of the research of the risk tourism factors in the
particular destination to ensure its further development. Also in these studies, the authors
apply Fuzzy models aimed at assessing the security risks in the regions. For instance, Hosseini
et al. (2021) examined the risk assessment criteria from the fields of social culture, environ-
ment, finance, protection, and security. They employed the fuzzy decision-making trial and
evaluation laboratory (FDEMATEL) method to create a fuzzy influential network relation map
and thus, to find the fuzzy influential weights. The safety and security risks had the most sig-
nificant impact, while the socio-cultural, financial, and environmental risks had a lower impact.
Wau et al. (2019) applied a fuzzy approach for risk assessment of the rural tourism projects.
The authors extend the VIKOR method to the multiple attribute decision-making with the
interval-valued intuitionistic fuzzy numbers (IVIFNs). The advantage of IVIFNs is that it can
fully take into consideration the bounded rationality of the decision makers. The other studies
also examine the security risks as a part of the regional development processes employing the
fuzzy approaches that confirm their importance for the regional development policymakers.

Ranjan Debata et al. (2013) employed a fuzzy approach in order to create a integrated
framework for identifying and classifying the key factors enabling the development of medical
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tourism. They developed an integrated approach employing the interpretive structural mod-
elling and Fuzzy Matrice d'Impacts Croisés Multiplication Appliquée & un Classement (FMIC-
MAC) to classify the key activators of medical tourism. The FMICMAC analysis enables the
investigation of the relationships between the different factors and thus, to identify the hidden
factors that may later have a significant impact and have become the significant medical tour-
ism risks. Vena-Oya et al. (2022) consider the fuzzy approaches to be more effective for the
development of the methods that allow the provision of the consistent and reliable scenarios
for the impact elimination of the health risks as the case with the consequences of COVID-19
was. The fuzzy cognitive maps will support the construction of the flexible and adaptable
scenarios that are more effective than the current econometric models.

The environmental risks are examined in a relation to the geographical aspects of eco-
nomic development and tourism. The fuzzy approaches are applied as an effective tool for
an elimination of these risks. Kanga et al. (2013) developed a fire hazard minimisation model
employing Multi-Criteria Decision Analysis (MCDA), Analytic Hierarchy Process & Fuzzy tech-
niques and tourism model. The fuzzy approaches have also proven to be efficient for e-tour-
ism investment risk analysis. This is also proven by the outcomes of the Paudel and Hossain
(2006) study, which the fuzzy rule-base has been developed to calculate the risk factors for
the e-tourism investment in.

Fuzzy approaches are important for assessing security risks in tourism, especially in the
context of geopolitical risks and pandemics, as they allow considering uncertainty and subjec-
tive factors that cannot be accurately measured by traditional methods. Combined with Al
tools that can process large amounts of data and detect patterns, fuzzy models provide greater
flexibility in decision-making, allowing security strategies to be adapted to changing condi-
tions. This combination of approaches can be applied at different levels — individual, regional,
and national — to assess risks and develop effective risk management measures in tourism.

The results of the available research studies clearly declare the missing security risk investi-
gation and the evaluation processes linking risks at the different levels from individual through
regional to national. This association of the levels of the investigated risks would enable to
take into consideration several kinds of the risks and their determinants in a complementary
way in a single area and a time period. Such a systemic approach would allow the construction
of the conceptual models covering a wide range of the risks and thus drawing an attention to
the activators of their occurrence and the possibilities of their elimination. At the same time, it
would make it possible to reveal the other determinants of the risk emergence that would not
be possible to reveal during a single-level evaluation of the security risks. This would help to
create the synergistic mechanisms and new analytical and evaluation platforms with an asso-
ciation to the satisfaction and loyalty of tourists and the competitiveness of the destinations.
These facts were the motivation to carry out our research and to create an expert model of the
security risk evaluation in the tourism industry.

Despite the rich array of studies related to the perception of tourist risks, the impact of
risks on tourist behavior, and the impact of external factors on tourism safety, a single inte-
grated model has not yet been created that would consider subjective and objective levels of
safety assessment. The issue of harmonizing different levels of risk assessment — individual,
regional, and national - also remains insufficiently studied.
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The conducted research has the following structure. Section 3 describes the formal formu-
lation of the problem and the integrated expert model for risk assessment and ensuring the
safety of tourist trips, which consists of three stages: individual, regional and national levels of
tourist safety. In Section 4, the verification and testing of the integrated expert model is carried
out and an example of evaluation on real data is given. Section 5 discusses the results of the
research. Section 6 presents the main results obtained for the first time. Ideas for the future
development of regional tourism are defined here, namely the development of integrated
information technology and software to support decision-making in the tourism business,
market, and economic research.

3. Materials and methods

3.1. Formal formulation of the evaluation problem

To assess the degree of risk of the safety of a tourist trip, a certain region is considered
R. The number of participants in the tourist movement is indicated £ = {e1;e2;...;en}. They
have visited the destination and express their attitude regarding the impression, anxiety and
concern regarding aspects of their own safety and harassment according to the risk groups
of the evaluation criteria G;G,;...G;.

Then, the integrated expert model of evaluation and derivation of the quantitative assess-
ment and the degree of risk of tourist safety is illustrated in the form of the following operator:

=(R.E:mgy Ay Kgs,Mgr Mes Myg ) — F (e Top ). M

Where = - the operator that is based on the input variables R, E,mp,,, Ay, Ko Mpr Mee, My
outputs the output values f. quantitative assessment (pSR) and the degree of the security risk
of the tourist trip (TSR ) which takes into account the level of the sense of security of the region
on the part of the participants of the tourist movement and the expert level of security of re-
gional tourism systems. The input values are as follows: mp, — the predicted level of repeated
visits to the region by participants of the tourist movement; Asr — expert level of security of
regional tourism systems; Kps — information model for assessing the safety level of tourist trip;
Mgy — a fuzzy method for determining the aggregated term risk assessment of one’s safety
of a tourist trip; Mgs — an expert method of assessing the level of the sense of security of the
region on the part of the participants of the tourist movement; My — a hybrid method of
assessing the degree of risk to the safety of a tourist trip.

The integrated expert assessment model serves as an expert system. It presents the knowl-
edge of participants in the tourist movement and tourism experts. This model includes the
following management subjects: participants in the tourist movement — experts (respondents
of the research questionnaire) who expressed their opinions regarding their own safety and
harassment at the destination; a system analyst is a person who configures all processes of
evaluating a integrated expert model; a decision maker (DM) is a person who makes further
decisions based on the derived degree of safety risk of a tourist trip, for example for the
purpose of adopting regional tourism policies or market research.

According to the purpose of the study, the decision-maker can be:



Technological and Economic Development of Economy, 2025, 31(3), 863-891 871

= Representatives of local authorities — in particular, tourism departments, who are re-
sponsible for developing tourism development strategies and ensuring the safety of
tourist destinations.

= Heads of travel agencies — who are interested in analyzing risks to form safe routes and

increase the attractiveness of their offers.

= Experts in the field of safety and tourism — who can use the model to independently

assess risks and provide recommendations.

For a better understanding, the integrated expert model for risk assessment and ensuring
the safety of tourist trips: economic and technological aspects, is presented in the form of
a structural diagram, Figure 1.

Figure 1 reflects the structural diagram of the integrated expert model for risk assessment
and ensuring the safety of tourist trips: economic and technological aspects. Here we have:
tr* (e) - aggregated term risk assessment of one's safety of a tourist trip; b (R) — the level
of feeling of security in the region on the part of the participants of the tourist movement;
Hep (R) — normalized assessment of the safety risk of a tourist trip; Tsz — linguistic interpreta-
tion of the degree of safety risk of a tourist trip. After the evaluation, the following is built: an
aggregated term estimate of the risk to one’s safety of the tourist trip for some experts in the
visited region; the generalized significance of the safety risk of tourist trip for the region; the
level of feeling of safety of the region on the part of the participants of the tourist movement;

Figure 1. Structural diagram of the integrated expert model for risk assessment and ensuring
the safety of tourist trips: economic and technological aspects
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quantification and degree of risk of tourist trip security. Based on the initial data, the DM deci-
sion is made regarding future scenarios to support decision-making from the point of view
of the safety of tourist trip, for all interested parties, such as tourists, businesses, and public
authorities, which in the integrated contributes to the development of regional tourism. If the
degree of risk of tourist trip security across regions does not satisfy the DM, then there is an
opportunity to revise the assessment by adjusting the parameters of the expert model.

A three-stage integrated expert model is presented.

The first stage of the integrated model is the individual level of security of the tourist trip. At
this stage, calculations are made separately for tourists. For this, the Kis information model is
presented, which is based on the evaluation of the safety level of the tourist trip and the fuzzy
Mgr method of determining the resulting terms based on the rules of belonging.

Kgs — information model for assessing the safety level of tourist trip
Let a set of evaluation criteria be proposed K = {Kl-;i = 1,m} own safety and harassment

at the destination, which is divided into [ groups G;;G,;...G;. Participants of the tourist move-
ment according to each evaluation criterion, using linguistic variables T = {t H SV SV ts}'
express their attitude regarding their safety and harassment at the destination. Linguistic vari-
ables are proposed to express the following meaning: t; — “Strongly disagree”; t, — “Disagree”;
t; — "Neither agree nor disagree”; t, — “Agree”; t; — “Strongly agree”.

The set of criteria includes the impressions, worries and concerns of the participants of the
tourist movement regarding their own safety and harassment at the destination. The following
groups and their evaluation criteria are proposed for the interpretation of the information
model.

G, — Security risks related to the infrastructure of the destination.
K44 = The warning information on public information boards is not clear enough for me,
reducing my confidence in safety management and discouraging me from spending on

local guided tours or activities.

K1, —In my opinion, there is an insufficient number of objects that control the safety of
tourists, which affects my trust in the destination’s investment in safety infrastructure,
ultimately influencing my spending decisions.

K43 — 1 was concerned about the chaos and traffic safety, making me avoid using local trans-

portation services, which impacts the revenue of these services.
Ky4—1 was concerned about the security of the residence, which led me to prioritize high-

er-cost accommodations with better safety guarantees, affecting my overall travel

budget.

Kys— Whi?e traveling by car, | was afraid of a traffic accident, which discouraged me from
renting vehicles locally or exploring less-developed areas, reducing potential economic
contributions.

G, - Social and environmental safety risks in tourism.

K>1— ' was concerned about serious environmental pollution at the tourist destination, which

diminished my willingness to stay longer or spend more on local eco-tourism experi-
ences.
K>, — | was afraid of crowds in tourist places, which made me avoid popular attractions and

events, affecting their ticket sales and revenue.
K>3 —1 preferred supermarkets and specialty shops because | feared the local merchants
would rob me, limiting my engagement with and spending in local markets.
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K>4— | was worried about the bad attitude of local workers towards tourists, which made
me less likely to use local services or recommend the destination to others, indirectly

affecting future economic benefits.
K>5— | was worried about the hostile attitude of residents towards tourists, which influenced

my decision to avoid smaller local communities, reducing economic benefits for these

areas.
K>6— 1 was concerned that residents were not allowing tourists into local communities, re-

stricting my willingness to explore and engage in cultural exchange, which often in-

volves spending on local goods and services.

K»7— 1 was concerned about violating hidden local or cultural customs and rules, making me
hesitant to participate in local traditions or spend on unique cultural experiences.

G; - Health safety risks in tourism.

K37, — The quality and safety of local produce and food were a concern for me, which made

me avoid spending on local culinary experiences and opt for international or packaged

options instead.
K3, — I was concerned about safety due to a possible threat to my overall health, which made

me reconsider visiting certain areas, reducing economic contributions to local business-

es in those locations.
K33— | was worried about my health due to the assumption about the possible occurrence

of certain viral diseases at the destination, leading me to allocate more resources to

healthcare precautions, diverting funds from other local expenditures.
K34— 1 was worried about safety because of the possible threat to my health caused by the

environment itself, discouraging me from spending on outdoor recreational activities.
K35— | was concerned about safety because of the possible threat to my health caused by

the infrastructure, which affected my trust in local healthcare services and made me

prioritize spending on safer, higher-cost alternatives.
G, — Harassment risks at the destination.
K41— I was not satisfied with the initiatives to sell the product, which made me reluctant to

shop locally, reducing the revenue of small businesses.
K4, — | met people who asked me for money, which made me feel uncomfortable in public

places, discouraging me from spending time and money in crowded areas.
K43 — | felt oppression from sellers, which discouraged me from engaging with local markets,

impacting their overall income.
K44— 1 was offered drugs, and the dealer was pushy or obnoxious, which made me avoid

nightlife or certain areas, reducing potential economic activity.
K45 — 1 was often offered and forced to engage in activities that were not interesting to me,

which made me avoid local entertainment or recreational services, reducing my eco-
nomic contributions.
Of course, the group of criteria is open, and the model does not depend on the number
of groups or criteria.
Mgy — a fuzzy method for determining the aggregated term risk assessment of one’s safety
of a tourist trip
A set of input linguistic variables is obtained based on the impression of the participants
of the tourist movement regarding visiting the region, concern for their own safety and har-
assment at the destination. In the first step, the membership rules and the knowledge base are
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presented to obtain one resulting term estimate T, for each group of risk assessment criteria.
In the second step, based on the obtained grades T, about a certain participant in the tourist
movement e, an aggregate risk assessment of one’s own safety of a tourist trip is determined
as one of the indicators of an integrated expert model for deriving the degree of risk of safety
of a tourist trip in the region R.

First, a transition is made from the linguistic reasoning of experts for each criterion to one
resulting term assessment for groups of risk criteria. For this purpose, each linguistic variable
is assigned some quantitative assessment T, which has the following logic. The less anxiety
and concern of the participants of the tourist movement regarding their safety and harass-
ment at the destination, the greater the value of the quantitative assessment . Then, without
reducing the generality, the quantification is proposed to be expressed using the following
characteristic function:

T, =1 if t,-"Strongly disagree”,
T, =2 if t, -"Disagree",
T=1T3=3 if t; —"Neither agree nor disagree". 2)
T, =4 if t, —-"Agree",
Ty =5 if t; —"Strongly agree".

Further, within the limits of the group of risk criteria is the sum of the values of quantitative

assessments by some expert e: m
g

8 =D o 9= 1, ®
i=1

where mg — the number of criteria in the group g.
The following characteristic function is used to derive the resulting term estimate by
groups of risk criteria:
t, if 8, <m

g
t ,If my, geg <2mg, B
T, =1ty if 2my <8, <3m , g=1L 4

t, |.f 3mggeg<4mg,
ty if egz4mg.

Thus, for each group of risk criteria g, one resulting term estimate is derived from a set of
linguistic variables T. At this stage, we have the following data, Table 1.

Next, the aggregate risk assessment of one’'s safety on the tourist trip is determined. For
this, let the object with g inputs and one output be analyzed:

tr'(e)=L(T, Ty, Ty), )

where: tr" — initial resulting linguistic assessment for the group of risk criteria g; T,,7,,... T, — in-
put linguistic evaluations, respectively, by some expert e. L — the operator matching the initial
resulting term estimate tr’, with the input variables T, T, .1, (the rule of logical inference).
Let the following term-set of linguistic variables of the risk of one’s safety of a tourist trip
be offered: TR = {L; BA; A; AA; H}, tr* € TR, L - "low risk”; BA — "risk below average”; A —
“"average risk”; AA — "above average risk”; H — "high risk".
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Table 1. Input data for visiting a region R an expert e

Criterion N Linguistic Quantitative The resulting
Criterion Sum .
group assessment assessments term evaluation
K T Tyq
K. T T
12 12 12
G, 8, T
m, T1m1 T‘Imw
K1 T T
K T
22 22 22
G, 0, A
K T
2m, 2my 2m,
Ky T T
K T, T
2 2 2
G, 8, T
K[m[ Tlm, T[m[

where Tgmg — linguistic evaluations of the g-th group of criteria, Tom, ~ a quantification ob-
tained using a characteristic function (2), Gg — the sum of the values of the quantitative
estimates obtained by the formula (3), T, - the resulting linguistic score obtained by the
formula (4), g =1,L.

Next, it is necessary to construct the rules of belonging to the resulting terms. Such rules
are proposed to be built in percentage terms of the ownership of certain terms of the input
variable. Formally, the membership rules represent a system of logical statements — “If, Then,
Else", which connect the values of the input variables T,,T,,... T; with one of the possible values
of the output variable TR, for example:

If (G; =t;and G, = ts and ... and G, = t5) or (G; = t; and G, = t5 and ... and G, = t,) or ...
or(Gy=tsand G, =ty and ... and G, = t;) Then tr" = L, Else ..
........................................................................................... If (Gi =t;and G, =t;and ... and G, = t3)
or (Gy =tzand G, =tz and ... and G, = t;) or ... or (G; = t, and G, = t; and ... and G, = t;)
Then tr" =H.

Similarly, all functional dependencies are formed, which embody the decision-making
rules in mathematical form, which collectively form the knowledge base. For example, the
eligibility rules for deriving an aggregate risk assessment of one’s security of a tourist trip, for
the proposed information model, are proposed to be formulated as follows, the Table 2.

As can be seen, based on the constructed rules of relevance for deriving the risk to
one's safety during a tourist trip according to groups of risk criteria, the following fragment of
the knowledge base is presented, in Table 3.

Thus, at the output of the fuzzy method — Mpr an aggregated linguistic assessment tr” (e)
of the risk of one’s safety of the tourist trip for the expert e in the visited region R is derived.

The second stage of the integrated model is the regional level of tourist trip security. At this
stage, the calculation takes place within the region, for this purpose the data aggregation of
the generalized value of the safety risk of the tourist trip and the predicted level of re-visiting
the region is carried out using an expert method M.
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Table 2. Appropriateness rules for deriving an aggregated risk assessment of one’s security

Rule The rule of belonging Agg’regate rlsk assessment gf
number one’s security of a tourist trip

1 If the number of the resulting term evaluation by groups | L — “low risk”
of criteria is not lower:

1 with the term t; — “Strongly agree”,
3 with the term t, — "Agree”.

2 If the number of the resulting term evaluation by groups | BA — “risk is below average”
of criteria is not lower:

1 with the term t; — “Strongly agree”,

1 with the term t, — “Agree”,

2 with the term t; — “Neither agree nor disagree”.

3 If the number of the resulting term evaluation by groups | A — “average risk”
of criteria is not lower:

1 with the term t, — "Agree”,

2 with the term t; — “Neither agree nor disagree”,
1 with the term t, — “Disagree”.

4 If the number of the resulting term evaluation by groups | AA — "above average risk”
of criteria is not lower:

2 with the term t3 — “Neither agree nor disagree”,
2 with the term t, — “Disagree”.

5 For all others below cases. H — "high risk”

Table 3. Knowledge base fragment

Rule number | G; | G, | G;3 | G, | Term assessment of the risk of one’s own safety of a tourist trip
1 te |t [ t5 | &5 |L—"low risk"

2 ts | ts | & | t,

3 ts | ts | t, | t,

4 ts | t, | 3 | ty |BA - "risk is below average”

5 ts | t, | t; | t

6 | & |t | &

Mgs— an expert method of assessing the level of the sense of security of the region on the part
of the participants of the tourist movement

Thus, based on a fuzzy model for determining the aggregated term risk assessment of
one’s safety of a tourist trip in the visited region R, an aggregated linguistic risk assessment of
one's safety of a tourist trip is obtained for each expert: tr (e1>,tr* (ez),...,tr* (en).

First of all, one generalized value of the safety risk of tourist trip in the studied region R is
calculated. All participants of the tourist movement, as respondents of the research question-
naire, are considered equally important. Otherwise, the DM may delimit their competencies by
introducing weighting factors. The aggregate term risk assessment is naturally determined on
a percentage scale (0-100%), each of which is assigned a value from some interval [a; b], for
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example: L - [0; 15], BA —[15; 30], A — [30; 50], AA — [50; 80], H — [80; 100]. Next, the following
value is taken into consideration:
15 if tr (e) =L,

30 if o'
S(ej) =150 if tr (e
80 if tr'(e)=AA,
100 if tr'(e)=H.

The characteristic function given above allows you to translate linguistic terms into a quan-
titative assessment, which enables further calculation and comparison. A weighted sum is used
to derive one generalized value of safety risk of tourist trip:

LP(R):%En}S(eJ)J:ﬁ ©
=

where n — is the number of participants in the tourist movement in the region R. The gener-
alized value of qJ(R) € [1 5;100] of the safety risk of the tourist trip obtained within the region
characterizes the assessment of the sense of security of the region by the participants of the
tourist movement in the region. The higher the value, the higher the security risk of the tourist
trip and the sense of security in the region decreases. We can consider this dependence in the
form of uncertainties of the “small amount” type, expressed by Z-like membership functions.
For example, the quadratic Z-spline for this problem would look like:

1, (R) < 60;
( (R)—Go)2
pwi, 60 < y(R) < 80;
mes (R) = 800 ®
M, 80 < y(R) <100,
800
0, y(R)>100.

The membership function setting parameters depend on the real data of the applied prob-
lem, which determines the limitations of the study.

The obtained value mg (R) € [0; 1], is a normalized generalized value of the safety risk of
a tourist trip. When the value of m (R) approaches 1, then the risk of tourist trip in the study
region is minimal.

Let the researched region R have a predicted level of repeated visits to the region by par-
ticipants of the tourist movement — mp,.. The value of this level is denoted by my,, (R) €[0; 1],
which conditions the potential possibility of repeated visits to the region and/or the attraction
of new consumers of tourist services. The authors have already obtained this level in a previ-
ous study, and its values for V4 countries are given in (Data, 2023a). The higher the value of
Mgy (R) the greater the desire of tourists to visit the region again. In our study, it is assumed
that when the participants of the tourist movement have the desire to visit the region again,
then they were satisfied with the previous trip and felt safe in the region.
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Thus, on the one hand, the generalized value of the safety risk of the tourist trip m,¢ (R)
is obtained, and on the other hand, the predicted level of mp,, (R) regarding repeated visits
to the region by the participants of the tourist movement. It is proposed to use intellectual
analysis of knowledge based on multidimensional functions of belonging to obtain the level of
a sense of security of the region on the part of the participants of the tourist movement. So, as
the values of mg (R);mRV (R) in the space of estimates [0; 1] are characterized by the uncer-
tainty of the “average value” type, then you can use a cone-shaped or pyramidal membership
function. For example, a cone-shaped membership function, with the center of the base of the
cone at - (1;1) and scaled by coordinates (2;2), would look like:

1 2 2
Hks (R)=1-5 \/(mfS (R)=1)" +(mgy (R)=1)" . 9)
The Equation for the pyramidal membership function in two-dimensional space will have
the following form:

W (R) = max{[1 —%(‘mfs (R) =1+ |mgv (R) —1)];0}. (10)

The obtained values are normalized and characterize the level of feeling of security in the
region on the part of the participants of the tourist movement. As you can see, from a math-
ematical point of view we have that ¢ (R) € [0.29; 1].

The third stage of the integrated model is the national level of tourist trip security.

At this stage, a quantitative assessment and the degree of risk of the safety of the tourist
trip are derived using the proposed expert hybrid method M., taking into account the level
of the sense of security of the region on the part of the participants of the tourist movement
Mes (R) and the expert level of security of the regional tourism systems Agr.

Myr — a hybrid method of assessing the degree of risk to the safety of a tourist trip

Let the regional tourist system, for this study, be the content of a integrated tourist system
that is formed at the regional level under the influence of tourist flows, the main goal of which
is the innovative and sustainable development of the tourism sphere of the region. At the
current stage, the key direction of the development of the tourism sector is the guarantee of
tourism safety. Then some Asr — expert level of security of regional tourist systems is intro-
duced, which represents some national comparative assessment in the region. To introduce
such a level, the DM analyzes the region in terms of innovative and sustainable development
of the region under the influence of tourist flows, after that it expresses its reasoning in the
form of linguistic variables from the following term-set A¢; = {A1;A2;A3;A4;A5}, where: Ay =
{Low level of security of regional tourism systems}; A, = {The security level of regional tourism
systems is below average}; Ay = {Average level of security of regional tourism systems}; A, =
{The security level of regional tourism systems is above average}; A5 = {High level of security
of regional tourism systems}.

In the form of an operator, a hybrid method of assessing the degree of safety risk of a tour-
ist trip is formally presented:

A(“Es (R): Agr (R)) — f(Hsr Tor) (11
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where A — is an operator matching a set of initial values of f, given the input variables
Meg (R);AST (R) for some region. The input data of the method are the value of the regional
level pgg (R) which is obtained from the feelings of security of the region on the part of
the participants of the tourist movement; the value of the national level A, (R) of the safety
of regional tourism systems. At the output of the evaluation model, we have: a quantitative
estimate of L, and the degree of risk to the safety of the tourist trip Tgp.

In the first step, the operation of fuzzification of the input hybrid data is performed. For
this, each input value (lJEs (R)"Asr (R)) is matched with the value of the membership function
Mep (R) For this, it is necessary to build membership rules to obtain a normalized assessment
of the input data.

Let the term-set of linguistic variables A = {A1;A2;A3;A4;A5} be represented on some
numerical interval to delimit the terms [ay; ag], where Ay € [a4; a,], A, € [ay; a3], A3 € [as; a4l
A, € [ay; as], A, € [as; agl. The values of the division of intervals can be adjusted and changed,
based on the real data on the functioning of regional tourism.

To do this, the values of &, are calculated using the characteristic function, using the lin-
guistic variables Ay, the quantitative estimates pgs and the values of the interval partitioning

lay; agl: Gz‘PEs(R)r if AST(R)€A1;
a3-pgs (R), it Agr(R)€A,;
E(R)=1a, g (R), if Agr(R)€Ay; (12)
as'HEs(R)' if AST(R>€A4?
dg-Mes(R), if Agr(R)€Ds.

This will provide an opportunity to combine the quantitative assessments and opinions of
the DM. As a result, an objective assessment of §(R) is obtained regarding the safety of tourist
trip in the region, which will lead to the validity of decision-making.

For an adequate interpretation of the dependence of the level of the region’'s sense of
security on the part of the participants of the tourist movement and considering the consider-
ations of the DM regarding the level of security of regional tourism systems, it is necessary to
normalize the obtained estimates. Therefore, it is suggested to use an S-shaped membership
function to compare the data using the representation of the membership rule:

0, E(R)§a1
. 2
HsR(R): i ;(R) 2 (3
ag — a,+a
1-2 26_01 , 12 6 < E(R)<a6
1, E(R)za6

The membership function constructed in this way suggests that the resulting value of
Hep (R) will tend to 1, in the event that the security risks of the tourist trip are minimal.

Thus, the subjectivity of expert opinions is revealed, and a transition is made from unclear
expert linguistic and quantitative assessments to standardized and comparable.
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Further, according to the received normalized assessment of the safety risk of the tourist
trip Uep (R) represent the linguistic interpretation of the degree of risk of the safety of the
tourist trip, using the following term-set T¢, = {SR1;SR2;SR3;SR4;SR5} as follows:

" Uep(R) € 0;0.2) - SRy: very high degree of safety risk of tourist trip;

= U (R)€|0.2,0.4) ~ SR,: high degree of safety risk of a tourist trip;

= Uep (R)€|0.4;0.6) - SRy average degree of safety risk of a tourist trip;
= Uer (R)€|0.6;0.8) — SR,: low degree of safety risk of tourist trip;

" Uep(R) € 0.8;1] - SR:: very low degree of safety risk of tourist trip.

The system analyst can change the levels of decision-making by taking into account the
real data of the participants of the tourist movement and regional tourism of this or that
country.

The presented integrated expert model for risk assessment and ensuring the safety of
tourist trips: economic and technological aspects is developed so that it does not depend on
the number of risk criteria, groups of criteria, and regions. At the output, a quantitative as-
sessment and the degree of the security risk of tourist trip in the studied region are obtained,
which takes into account three stages: the individual sense of security of the region on the part
of the tourist, the generalized value of the security risk of the region and the national expert
level of security of regional tourism systems.

4. Results

The integrated expert model for risk assessment and ensuring the safety of tourist trips has
been verified and tested on real data in the countries of the Visegrad Group (Czech Republic,
Hungary, Poland, Slovakia) (Data, 2023b). The presented study is a component of a general
study of attitudes towards selected areas related to tourism in the V4 countries. For this,
a research questionnaire containing 132 questions divided into 16 groups was developed.
The data collection procedure was carried out on the basis of the cooperation of several
organizations in the period from March to December 2021. As a result, data was obtained
from 2,343 respondents of tourism participants who visited regions in the V4 countries for
the period from 2017 to 2021. Note that the obtained data meet al. the requirements for
forming a sample, and the respondents meet the demographic characteristics regarding the
completeness of statistical data. During the research, experiments were conducted based on
the entire sample of data, using the developed integrated expert model. To display the results
and the possibility of reproducing the model by other researchers, an example of evaluation
on data fragments is given.

An example of risk assessment of tourist trip safety is given in four regions from the V4
countries: Banska Bystrica Region (Slovakia), Plzen Region (Czech Republic), Lesser Poland
Voivodeship (Poland), Veszprém county (Hungary).

We will consider an example of evaluation in the form of an integrated expert model in
three stages.

The first stage of the integrated model is the individual level of security of the tourist trip.

Let the participants of the tourist movement express their attitude according to each
evaluation criterion regarding their own safety and harassment at the destination, accord-
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ing to formalized linguistic variables. Then, a set of input linguistic variables is obtained. For
example, to illustrate the model, we will present fragments of input data for four experts
e (R1>,e2 (RZ),93 (R3),e4 (R4) after traveling in 2020, respectively, by region: Ry — Banskéa Bys-
trica Region (Slovakia); R, — Plzert Region (Czech Republic); R; — Lesser Poland Voivodeship
(Poland); R, — Veszprém county (Hungary) (Data, 2023b), Table 3.

Table 3. Input expert data from respondents e;, e,, e3, e,

Banska
Bystrica Plzen Region Lesser Poland Veszprém count
Group | Crite- yst 9 Voivodeship P y
L . Region
criteria | ria
e,(R) e,(R,) es(Rs) ey (Rs)
K., |Disagree Strongly Agree Disagree Neither agree nor disagree
Ky, |Agree Disagree Agree Neither agree nor disagree
K,; |Disagree Strongly disagree | Strongly disagree | Neither agree nor disagree
G
1 K Strongly Strongly disagree | Strongly Agree Neither agree nor disagree
4| disagree
K Strongly Strongly disagree | Disagree Strongly disagree
15 | disagree
K,, |Disagree Strongly disagree | Disagree Neither agree nor disagree
K,, |Agree Strongly Agree Agree Neither agree nor disagree
K,; |Disagree Strongly disagree | Disagree Neither agree nor disagree
K Disagree Strongly disagree | Neither agree nor | Neither agree nor disagree
G 24 disagree
2 K Strongly Strongly disagree | Neither agree nor | Neither agree nor disagree
25 | disagree disagree
K Disagree Strongly disagree | Neither agree nor | Neither agree nor disagree
26 disagree
K Strongly Strongly disagree | Neither agree nor | Neither agree nor disagree
27 | disagree disagree
K3, |Disagree Strongly disagree | Disagree Neither agree nor disagree
K, |Disagree Strongly disagree | Agree Strongly disagree
G K35 |Disagree Strongly disagree | Strongly disagree | Disagree
3
K, |Disagree Strongly disagree | Disagree Disagree
K Neither agree | Strongly disagree | Agree Disagree
35 | nor disagree
K Strongly Strongly disagree | Strongly disagree | Strongly disagree
41 | disagree
K,, |Disagree Strongly disagree | Strongly disagree | Disagree
K Strongly Strongly disagree | Strongly disagree | Strongly disagree
G, 43 | disagree
K Strongly Strongly disagree | Strongly disagree | Strongly disagree
44 | disagree
K Strongly Strongly disagree | Strongly disagree | Strongly disagree
45 | disagree
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First, a transition is made from the linguistic reasoning of experts for each criterion to
one resulting term assessment for groups of risk criteria. Each linguistic variable is assigned
a quantitative assessment using the characteristic function (2). Next, within the group of risk
criteria is the sum of the values of quantitative estimates according to Equation (3). The char-
acteristic function (4) is used to derive the resulting term estimate by groups of risk criteria.
The results are recorded in the Table 4.

Table 4. Calculation results from respondents ey, e,, e, e,

Group ei(R) &(R) es(R) e4(R.)

criteria 0 T ) T 0 T ) T
G, 10 ty 10 ts 14 ty 13 ts
G, 14 t; 1 t, 20 t 21 t,
G, 11 ty 5 t, 13 ts 10 ty
G, 6 t, 5 t, 5 t 6 t

Next, the aggregate risk assessment of one’s safety on the tourist trip is determined. To do
this, we will use the rules of belonging to derive the risk of one's safety on a tourist trip, which
is described in Table 2.

We will formulate these rules of belonging for illustrated experts

€ (R1),e2 (,‘?2),e3 (Rs),e4 (R4>:

= ¢(R): 1f (G=t; and G, =t; and G, =t; and G, =t,) Thentr’(e,) = A

e, ngg :f (G =t; and G, =t, and G, =t, and G, =t,) Then tr’ ezg =H.

= e(Ry): If (G,=t; and G, =t; and G;=t; and G, =t,) Thentr’(e;) = AA.

" e, (R4): If (G =t; and G, =t, and G, =t, and G, =t,) Then tr’ (94): A.

Thus, at the output of the fuzzy model — M,;, an aggregated linguistic risk assessment
of one's safety of a tourist trip is derived for experts tr* (e1),tr* (ez),tr* (eg),tr* (e4) in visited
regions.

The second stage of the integrated model is the regional level of tourist trip security. At this
stage, the data aggregation of the generalized value of the safety risk of the tourist trip and
the predicted level of repeated visits to the region is carried out separately for the regions:
R, — Banska Bystrica Region (Slovakia) according to the data of 144 experts; R, — Plzen Region
(Czech Republic) according to the data of 80 experts; R; — Lesser Poland Voivodeship (Poland)
according to the data of 52 experts; R, — Veszprém county (Hungary) according to the data of
58 experts.

First of all, one generalized value of the safety risk of tourist trip in the studied regions
is calculated. For this, one generalized value of the safety risk of a tourist trip is derived,
by entering values according to Equation (6) and using a weighted sum, the Equation (7):
Y(R,)=89.34; W(R,)=48.13;(R;)=81.06; Y(R,)=77.85.

The obtained values indicate a sense of security in the region. The higher the value, the
higher the security risk of the tourist trip and the sense of security in the region decreases.

After that, the quadratic Z-spline membership function is used to compare the data, ac-
cording to the Equation (8): mpg (R;) = 0.142; mg (R, ) = 1; mgg (Ry ) = 0.449; mpg (R, ) = 0.602.
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This membership function changes the directionality of the goal, so when the obtained
value approaches 1, then the risk of tourist trip in the studied region is minimal.

Let the researched regions R;,R,,R;,R, have a predicted level of repeated visits to the
region by participants of the tourist movement, which was obtained by the authors in a previ-
ous study (Data, 2023a): mg,, (R,)=0.78; mp, (R,) =0.82; mp, (Ry) =0.79; mp, (R,) = 0.45.

The obtained value has the following meaning: the greater the mp,, (R) the greater the
desire of tourists to visit the region again.

Next, to obtain the level of a sense of security in the region on the part of the participants
of the tourist movement, it is proposed to use the intellectual analysis of knowledge based
on the cone-shaped function of belonging, according to the Eqution (9): (R1):O.557;
Mes (Ry) = 0.91; pgg (Ry) = 0.705; pgg (R, ) = 0.661.

The third stage of the integrated model is the national level of tourist trip security.

At this stage, a quantitative assessment and the degree of risk of the security of the tourist
trip are derived, taking into account the level of the sense of security of the region on the part
of the participants of the tourist movement i (R) and the expert level of security of regional
tourist systems Agr.

Let the DM for each region have its own considerations regarding the security value of
regional tourism systems:

= A, (R1) = {The security level of regional tourism systems is above average};
(Rz) = {High level of security of regional tourism systems};
R3> = {The security level of regional tourism systems is above average};
Ry)

4

L] AS
. A4
= A, = {The security level of regional tourism systems is above average}.

First, the fuzzification operation of the input hybrid data is performed.

Let the term-set of linguistic variables A¢; = {A1;A2;A3;A4;A5} be represented on some
numerical interval [0;100|, to delimit the terms: A, €[0;20], A, €[20;40|, A, €[40;60],
AYS [60;80], Ag € 80;100}. The values of the breakdown of the intervals were adjusted to
the real data of the functioning of regional tourism.

Further, with the help of the characteristic function (12), the values of &, are calculated,
which makes it possible to combine quantitative estimates and opinions of the DM: &(R,) =
44.57; §(R,) = 971; §(R;) = 56.4; E(R,) = 52.83.

After that, an S-shaped membership function is used to interpret the dependence and
compare the data (13): pgg (R;) = 0397; pgp (R,) = 0.984; pge (Ry) = 0.62; gy (R, )= 0.555.

According to the received normalized assessment of the safety risk of a tourist trip e (R)
a linguistic interpretation of the degree of safety risk of a tourist trip is presented:

= R; (Banska Bystrica Region (Slovakia)): pgp (R1) =0.397¢ [0.2;0.4) - SR,: high degree of

safety risk of a tourist trip;

= R, (Plzen Region (Czech Republic)): pep (Rz) = 0984 ¢ [0.8,’1] - SRs: very low degree of

safety risk of tourist trip;

= R; (Lesser Poland Voivodeship (Poland)): pep (R3> =0.62¢ [0.6;0.8) - SR, low degree

of safety risk of tourist trip;

= R, (Veszprém county (Hungary)): pee (R4> =0.555¢ [0.4;0.6) - SR3: average degree of

safety risk of a tourist trip.
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Thus, for the studied regions for the period from 2017 to 2021, a quantitative assessment
and the degree of risk of tourist trip safety were obtained for the analysis of the region and
support for further decision-making.

5. Discussion

The perceived risk in the target destination is considered one of the most important factors
influencing the tourists’ decision-making processes. From a managerial point of view, the per-
ception evaluation of the security risks for tourists is very important, because it is not enough
to only provide the increasingly high-quality services in order to survive in the competitive
markets (Mufioz-Mazén et al, 2021), but also to know the perceived feelings of tourists’
security and protection. The persistent negative perceptions of the security risks by tourists
causes a high fluctuation of customers and a market share and own competitiveness decrease
(Oshriyeh et al., 2022; Skare et al,, 2021). The regular risk assessment in the tourism industry
gives managers a strong potential to construct and to apply the risk minimisation strategies
and thus, to create a positive image of their offers in the tourism industry (Roy et al.,, 2019).
Therefore, it is necessary to systematically create and to assess the integrated relationship
between risk, tourist satisfaction, tourist attitudes, and repeat visit intentions that helps to
create a competitive advantage (Dzemydiené & Ragab, 2020). Assessment of influence of
management transformations and risk for tourism business (Saura et al., 2023). The missing
knowledge about the security risks for tourists associated with the particular tourist destina-
tion prevents the construction of the integrated conceptual frameworks and their empirical
validation that results in an insufficient development of the concepts, methods, and systems
for managing the tourist risks (Guaita Martinez et al., 2023).

In the work, an integrated expert model was developed, which, based on the attitude
of the participants of the tourist movement regarding their safety and harassment at the
destination, the predicted level of repeated visits to the region, and the expert level of safety
of regional tourism systems, derives a quantitative assessment and the degree of risk of the
safety of tourist trips. For this purpose, the following information model for assessing the
safety level of tourist trip has been developed; a fuzzy method for determining the aggregated
term risk assessment of one's safety of a tourist trip; an expert method of assessing the level
of the sense of security of the region on the part of the participants of the tourist movement;
a hybrid method of assessing the degree of risk to the safety of a tourist trip; the developed in-
tegrated expert model was verified on real data in the regions of the V4 countries; an example
of evaluation on data fragments of four regions from V4 countries are illustrated: Banskéa Bys-
trica Region (Slovakia) 144 experts, Plzert Region (Czech Republic) 80 experts, Lesser Poland
Voivodeship (Poland) 52 experts, Veszprém county (Hungary) 58 experts.

The research is based on innovative methods and techniques for obtaining and present-
ing knowledge, which is formalized using the theory of fuzzy sets and fuzzy logic. The choice
of such a mathematical tool makes it possible to increase the degree of validity of the final
management decisions. The value of the expert model lies in the fact that it considers the issue
of assessing the safety risks of tourist trip in a complex manner, from individual, regional to
national levels. At the same time, it takes into account expert assessments of one’s safety and
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harassment at the destination, the predicted level of repeated visits to the region (based on
the satisfaction of tourists as subjects of consumer behavior from visiting the region), and the
expert level of security of regional tourism systems. Another important aspect of this study
is that all model settings are tested and verified on real data. At the output of the model, we
have a quantitative assessment and the degree of risk to the safety of the tourist trip. This
allows an integrated analysis of the region to support decision-making, from the point of view
of the safety of tourist trip, for all interested parties, such as tourists, businesses, and public
authorities.

The main goal of the conducted research is to develop an integrated expert model for
risk assessment and ensuring the safety of tourist trips: economic and technological aspects,
using the example of the countries of the Visegrad Group (Czech Republic, Hungary, Poland,
Slovakia). At the same time, the following scientific results were obtained:

= for the first time, an information model for assessing the safety level of tourist trips was

developed, which consists of 22 criteria for assessing one’s safety and harassment at
the destination, divided into 4 groups of risk criteria, namely: the group of safety risks
of the infrastructure of the place of visit; a group of risks of social and environmental
safety of tourism; a group of tourism health safety risks; harassment risk group at the
place of a visit;

= for the first time, a fuzzy method for determining the aggregated term risk assessment

of one’s safety on a tourist trip was developed. The input data are linguistic variables
regarding the impression of the participants of the tourist movement after visiting the
region, concern for their safety, and harassment at the destination. The method uses
the principles of fuzzy logic. Based on the formulated rules of belonging, embodied in
the knowledge base, an aggregated linguistic assessment of the risk to one’s safety of
a tourist trip for an expert in the visited region is derived. This method represents the
first stage of a complex model — an individual level of safety of a tourist trip;

= for the first time, an expert method of assessing the level of the sense of security of

the region on the part of the participants of the tourist movement was developed. The
method is aimed at calculations within the region. Its peculiarity is that it aggregates
data on the generalized value of the safety risk of a tourist trip and the predicted level
of repeated visits to the region. The method uses methods of obtaining and presenting
knowledge based on the intellectual analysis of knowledge of multidimensional mem-
bership functions. Based on real data, the verification of the settings of the membership
functions was carried out. The obtained initial value is compared and normalized, and
also characterizes the level of the sense of security of the region on the part of the
participants of the tourist movement. This method describes the second stage of the
complex expert model — the regional level of tourist travel safety;

= for the first time, a hybrid method of assessing the degree of risk to the safety of

a tourist trip was developed. The hybridity consists of the fact that the expert level of
security of regional tourism systems obtained from DM is combined with the level of
the sense of security of the region on the part of the participants of the tourist move-
ment. The model reveals the subjectivity of expert opinions and transitions from vague
expert linguistic and quantitative assessments to standardized and comparable ones. At
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the output, a quantitative assessment and the degree of risk of tourist travel safety in
the studied region are obtained. This method describes the third stage of the complex
model — the national level of tourist travel safety;

= the integrated expert model for risk assessment and ensuring the safety of tourist trips:

economic and technological aspects was verified and tested on real data from 2,343
respondents in the countries of the Visegrad Group. An example of assessing the de-
gree of safety risk of tourist travel in the region is illustrated on fragments of data from
a population of 334 experts in four regions: Banska Bystrica Region (Slovakia), Plzer Re-
gion (Czech Repubilic), Lesser Poland Voivodeship (Poland), Veszprém county (Hungary).

The advantages of the integrated expert model stem from the fact that: the model does
not depend on the number of risk criteria, groups of criteria and regions, and therefore it is
possible to investigate various aspects that influence the worries and concerns of the par-
ticipants of the tourist movement regarding their own safety and harassment at the destina-
tion; the model uses knowledge representation techniques, which makes it possible to adjust
decision-making rules to build a knowledge base; the model derives an aggregated term
assessment of the risk of the tourist's own safety during the tourist trip; takes into account the
expert level of security of regional tourism systems and the desire of tourists to visit the region
again; the expert model, using fuzzy logic, reveals the uncertainty of the input expert assess-
ments, moves from considerations about one’s own safety and harassment at the destination
to an aggregated risk assessment of one’s own safety of the tourist trip; the expert model was
adjusted on real data.

A limitation of our study was the use of different types of characteristic functions and mem-
bership functions of one and many variables, as well as their set parameters. The construction
of rules of belonging for the formation of the knowledge base of the risk to one's safety
on a tourist trip depends on the competencies of system analysts. It is necessary to expand
the geography of the research in other countries and make a wider sample of the research
questionnaire to have the opportunity to obtain new knowledge on the problems of regional
tourism and to train the model for more accurate results. However, these limitations do not
affect the obtained results.

The rationality of the obtained degree of safety risk of a tourist trip contributes to the
development of regional tourism and proves the advantages of the developed model. The
reliability of the obtained results is ensured by the justified use of the mathematical apparatus.
The obtained research results confirm the scientific and applied value of the analysis, which
fully proves the validity of the formulated scientific hypothesis.

6. Conclusions

The primary objective of this research was to devise a fuzzy model for evaluating the extent
of disinformation spread on digital platforms, considering the QoL of residents. In achieving
this goal, several significant scientific advancements were made: the development of an in-
novative information model for assessing residents’ QoL; the creation of a novel model for
evaluating current disinformation narratives on digital platforms; and the pioneering develop-
ment of a fuzzy model for determining the level of disinformation spread on these platforms.
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This fuzzy estimation model was rigorously tested and verified using real data from 3,036
respondents. An illustrative example of the application of this fuzzy model on selected data
sets was provided to demonstrate its practical effectiveness.

The developed fuzzy model holds substantial potential for policymakers, strategic de-
velopment planners, and experts in sustainable development, as well as those specializing
in conceptual processes and methodologies related to QoL and UQoL. Additionally, the
study’s findings are invaluable for a diverse array of experts, including social media specialists,
by informing methodologies aimed at mitigating disinformation processes and bolstering
information security. This research supports the development of monitoring and regulatory
mechanisms and contributes to the construction of information and media literacy systems.
It also aids in establishing benchmarking indicators for economically quantifying the impact
of disinformation processes on society. These insights are vital for ensuring sustainable eco-
nomic development and the formulation of effective political, economic, technological, and
innovation strategies.

Looking ahead, the authors plan to develop innovative software to facilitate feedback col-
lection from respondents and enable the practical application of this research for various de-
cision-makers. Furthermore, addressing the challenge of accurately gauging the quantitative
levels of disinformation perception among residents and its spread through digital platforms,
the research will incorporate artificial intelligence technology and machine learning methods.

Further research of the problem can be seen in the development of other expert and vague
models for assessing the level of tourism in selected regions. Development of new methods
of obtaining and presenting knowledge for the development of regional tourism. In total,
current and future research will make up information technology for decision support in the
tourism business, market research, and economics. For the practical and widespread use of the
developed expert systems, web-oriented software will be designed for use by both business
and state authorities.
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