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Abstract

Research background: In recent years, there has been increasing attention to the needs of
tourists with disabilities. Several international studies confirm that this target group has been
marginalized in tourism due to physical, economic, social, and environmental barriers. How-
ever, the integration of intelligent decision-support systems can significantly enhance accessi-
bility and inclusion in tourism.

Purpose of the article: This research aims to develop effective methods and algorithms for
constructing intelligent systems and software that generate precise and high-quality travel
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plans for tourists with disabilities. The primary objective is to create a decision support system
for trip planning, using the example of Visegrad Group countries (the Czech Republic, Hun-
gary, Poland, Slovakia).

Methods: The decision support system is structured around two core components: the data
level and the knowledge level. The data layer compiles a structured database of actual visits
by disabled tourists. The knowledge layer consists of mathematical models forming a com-
prehensive decision-making framework. The formalization of the system employs fuzzy set
theory, fuzzy logic, expert evaluation, and intelligent knowledge analysis. This research intro-
duces: an information model for assessing the accessibility of destinations; fuzzy method of
determining the degree of accessibility of destination, considering the level of limited capabili-
ties of the participant of the tourist movement; decision-making method when travel planning
on the accessibility of the region on goal needs.

Findings & value added: The decision-making support system was verified and tested on real
data from 41 participants in the Visegrad Group countries. A distinctive feature of this re-
search is the development of a dynamic, adaptive decision-support mechanism that evolves
with real-world user data. Unlike standard accessibility evaluation approaches, this system
provides personalized travel recommendations and continuously refines its ranking model
based on user experiences. This ensures a long-term impact on smart tourism, sustainable
travel planning, and enhanced accessibility for people with disabilities.

Introduction

In the recent years, there has been an increasing attention paid to the re-
quirements of the tourists with disabilities (PwD). These individuals have
the same needs and desires in the field of tourism as the other people and
despite the existence of the United Nations Convention on Rights of Per-
sons with Disabilities, the concerns about the rights of this population
group are increasing. Several international studies confirm that this target
group has not been preferred in tourism for a long time due to the exist-
ence of physical, economic, social, environmental, and the other obstacles,
which affect not only tourists, but also the local destinations (Gillovic &
MclIntosh, 2015; Michopoulou et al., 2015; Nyanjom et al., 2018). According
to the World Health Organization (WHO), it affects the disability of hun-
dreds of millions of families around the world per year and currently, ap-
proximately a 10-percent share of the global population lives with disabili-
ties in the European Union that is approximately 80 million inhabitants
with some kind of disability. According to the World Bank data, approxi-
mately a 15-percent share of the world population has at least one disabil-
ity (WHO, 2017). In a relation with the processes of the demographic age-
ing, there is a strong prerequisite for increasing the ageing rate of this pop-
ulation group. Given that the percentage of people with disabilities is sig-

418



Oeconomia Copernicana, 16(1), 417-462

nificantly higher in older age groups, it is important to consider the impact
of demographic aging on accessible tourism. This aspect is particularly
relevant within the framework of the silver economy, where tourism for
people with disabilities can play a crucial role in social inclusion and eco-
nomic sustainability.

From the social perspective, increasing accessibility in tourism can sig-
nificantly improve the quality of life for individuals with disabilities, ena-
bling them to engage more fully in society. From an economic standpoint,
developing accessible tourism can drive new markets, enhance destination
competitiveness, and contribute to broader national economic growth. Giv-
en the aging population and the growing demand for accessible tourism,
this sector represents a critical opportunity for both social progress and
economic development.

Several research studies point to the fact that the tourism industry ig-
nores the needs of inhabitants with disabilities that leads to open or mod-
erate discrimination (McKercher et al., 2003). Tourism marginalization can
be discouraged by PwD from the purchase of its products (Horner &
Swarbrooke, 2004; Loi et al., 2017), while the reluctance also plays an im-
portant role to explore the experience of a disabled tourist (Karadimitriou
et al., 2021; Rubio-Escuderos et al., 2024; Gillovic et al., 2021). Accessible
tourism requires that everyone with the same benefits independently of
economic, social, as well as physical conditions (Darcy et al., 2020; Agovino
et al., 2017) has the opportunity to have access to it.

By now, few research studies have analyzed the relationship between
tourism and PwDs, and those, which exist, were primarily focused on ex-
ploring the availability of tourism, transport processes, hotel accommoda-
tion, attractions and institutional/information support (Gillovic et al., 2021;
Cassia et al., 2020; Singh et al., 2021; Awan et al., 2022). With the develop-
ment of informatization, the accessibility of the information, which tourists
with disabilities need, has increased. Despite the expansion of the PwDs
services, the problem of disability is solved without considering various
forms of disability. PwDs have different types and degrees of disability, so
their access and use of tourism facilities will differ significantly not only
depending on the type of disability, but also in a way of provision of the
services and measures for PwDs (Ferrer et al., 2016, Gabru¢ & Medari¢,
2022). A major issue is not only misinformation, but also insufficient infor-
mation on the supply side, according to which potential demand is created.
Hence, the correct dissemination of information on the available destina-
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tions has become a key factor in increasing the possibilities and availability
of tourism for PwDs. According to some research studies, PWD motivation
is increasing, and it depends how available services are adapted to the par-
ticular disability. The decision-making process of the various PwDs groups
is very different from the decision-making process of tourists without disa-
bilities that is influenced by many factors. Each disability requires special
attention and the various services (Moura et al., 2023). This fact is consid-
ered sufficiently when defining the tourism offer that may possesses a neg-
ative impact on the outcome of the decision-making process related to the
dissatisfaction of the tourists with disabilities and many restrictions during
the destination (Nicolaisen et al., 2012; Kong & Loi, 2017).

Despite the growing interest in accessible tourism and a significant
amount of research focused on the analysis of physical and informational
barriers for people with disabilities (Card et al., 2006; Kastenholz et al.,
2015), current approaches to developing decision support systems in this
area have several limitations. In particular, previous research has mostly
focused on the analysis of the accessibility of individual objects or regions,
without taking into account the individual needs of different groups of
people with disabilities (Alkahtani et al., 2015; Chikuta et al., 2019). In addi-
tion, existing information systems (ICS) to support tourism choices often
rely on rigidly deterministic algorithms that do not adapt to the personal
needs of users, which can lead to inefficient route planning and tourist
dissatisfaction (Chou et al., 2008; Forouzandeh et al., 2021).

Unlike traditional models that focus on physical accessibility or use rig-
id algorithms, our approach personalizes recommendations based on disa-
bility type, severity, and travel goals. By incorporating fuzzy logic, our
system adapts to the diverse needs of people with disabilities, ensuring
more accurate and individualized travel planning. The proposed approach
allows for dynamically adapting recommendations according to the level
of tourist limitations and their personal travel goals. This contribution not
only provides higher accuracy and personalization of route planning, but
also forms the basis for future research aimed at expanding adaptive intel-
ligent systems in the field of accessible tourism.

Today, information and communication systems (ICS) are widely used
in the travel and tourism industry. Since the introduction of such systems,
they have helped make decisions based on simple data operations. With
the development of ICS, decisions are made based on the use of intelligent
systems and intellectual analysis of knowledge, which help tourists plan
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their trips and take such a process to a completely new level. Planning
a trip involves a complex process that includes many aspects. Our research
is aimed at choosing a region to be visited by participants of the tourist
movement with disabilities. Such a trip-planning task is computationally
expensive. Therefore, the development of effective methods and algorithms
is the basis for the construction of intelligent systems and ICS software that
derive real and high-quality travel plans for participants in the tourist
movement.

Our research is aimed at helping people with disabilities make an in-
formed decision when planning a trip, taking into account: the experience
and knowledge of participants of the tourist movement with disabilities
who have already visited the destination; type of disability or mobility
restriction; a vector of goals of a potential tourist, in which the evaluation
of coordinates for accessibility goals could satisfy a potential tourist, when
planning a trip.

This fact was a motivation for our study, whose main purpose is to de-
velop a decision-making support system when planning travel for people
with disabilities on the example of the countries of the Visegrad Group (the
Czech Republic, Hungary, Poland, Slovakia).

The major contributions of this study are summarized as follows:

- we are developing an information model of assessing the level of acces-
sibility of destination. At the same time, we formalize the collection of
information regarding the indicator of the type of disability or mobility
limitation.

- we develop a fuzzy method of determining the degree of accessibility of
destination, considering the level of limited capabilities of the partici-
pant of the tourist movement.

- we are developing a decision-making method when travel planning on
the accessibility of the region on goal needs. This method will transition
from destination availability to region availability.

- we verify and test the developed decision support system on real data
in the countries of the Visegrad Group.

Consequently, the essence of the decision-making support system when
planning a trip for people with disabilities is that it derives a general com-
prehensive assessment of the region, based on the statements of experts on
the issue of accessibility at the destination, the type of disability, the goal
needs of the potential tourist, according to which the ranking of accessibil-
ity takes place regions.
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The conducted research has the following structure. Part 2 provides
a literature review of the research issues. Part 3 describes a formal formula-
tion of the problem and a decision support system for travel planning for
people with disabilities, which consists of two components: the data layer
and the knowledge layer. In part 4, the decision support system is verified
and tested, and an example of evaluation on real data is given. The results
of the conducted research are discussed in part 5. The obtained new results
and ideas for the future development of regional tourism of people with
disabilities are described in part 6.

Literature review

Social tourism and tourism for PWD are a very important tourism segment
(Agovino et al., 2017), while this demand is constantly growing (Portales,
2015; Farkas et al., 2022). Several experts declare that tourism for PwDs can
bring several economic benefits and hence, it can return on investment. At
the same time, it can eliminate the negative impacts of seasonality (Aln et
al., 2012). Many PwDs travel with an accompanying person that increases
the potential space of barrier-free tourism and thus, it brings additional
income (Ribeiro ef al., 2018; Chikuta et al., 2019).

The authors, who have been investigating the development of social
tourism for long time, point to the fact that the development of tourism for
PwDs has strong restrictions still. Constraints on the tourism demand side
represent a direct consequence of the bid restrictions (Lyu, 2017;
Dominguez et al., 2013). The research studies are dominated by observing
the relations between PwDs and tourism from the demand side, while
many restrictions and barriers which PwDs face can be socially construct-
ed. Therefore, the correct dissemination of information on the available
destinations, has become a key factor in increasing the possibilities and
availability of tourism for PwDs (Zenko & Sardi, 2014; Kastenholz et al.,
2015).

An improvement of the offer in tourism for PwDs means the gradual
removal of the environmental, information, and personnel barriers on the
provider side that requires the considerable costs on the side of the tourism
service providers. Few studies were aimed at examining the perception of
managers for the provision of the service for PwDs and it is clear from the
available outcomes that these managers perceive the difficulty of providing
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the high-quality service for the given people and understanding their indi-
vidual needs (Darcy & Pegg, 2011; Poria et al., 2011).

Several authors examine the PwDs satisfaction with tourism and these
results point to the fact that PwDs achieves the higher levels of the life sat-
isfaction than people without disability. Tutuncu (2017) examined the satis-
faction of PWD with existing infrastructure, tourist products and services,
and the potential for improving barrier-free tourism in the selected destina-
tion. Their outcomes demonstrate that transport, accommodation, enter-
tainment, and infrastructure do not provide PWD with a complete barrier-
free approach that can significantly affect the PwDs decision-making pro-
cesses in the future. Similarly, the other studies declare these negative find-
ings (Nicolaisen et al., 2012; Farkas et al., 2022; Zenko & Sardi, 2014). Ac-
cording to Tutuncu (2017), the most disadvantaged group in the hotels
were people with the physical disabilities and wheelchair users. The insuf-
ficient and inaccessible areas possess a negative impact on the PWD satis-
faction related to the given stay and thus, they can significantly affect their
loyalty to the destination or to the accommodation facility.

Determinants of the barrier-free tourism development

The numerous empirical studies declare the positive impact of tourism
on well-being and life quality. These effects are felt by PwDs particularly
(Pearce, 2011; Lehto et al., 2018). Improving the availability of tourism for
these people can lead to the support of the social capital construction
(Mithen et al.,, 2015). Tourism is an important sector for the economic
growth of the countries and social tourism has become increasingly desira-
ble.

Many authors criticise the lack of the available and inclusive leisure ser-
vices and the resulting low level of the PwDs participation in them (Stum-
bo et al., 2011; Kastenholz et al., 2015).

The importance of tourist experience for the PwDs decision-making
processes is reported by several authors (Rubio-Escuderos et al., 2024;
Gillovic et al., 2021; Chikuta et al., 2019). The studies confirm that PWD
browse through many stages until they become active tourists, while tour-
ism can be considered a comprehensive process for them from planning,
coordinating, road management, self-management, and so on (Schrijver et
al., 2022). The PwDs decision-making process is influenced by several fac-
tors, such as, for instance, the limited range of negotiations, the need for an
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assistant like carer, knowledge of the target language, availability of state
aid (Karadimitriou et al., 2021; Rubio-Escuderos et al., 2024; Ferrer et al.,
2016).

Many research studies examine the special PWD barriers in tourism
through an application of the various differentiation aspects. Kastenholz et
al. (2015) examine the physical, internal, cultural, and social barriers that
confront the benefits for PWD. Some authors have focused on the specific
types of the affections of tourists and thus, drawing an attention to the dif-
ferent needs as well as the experience of tourism. Such experience for tour-
ists with mental disabilities Gillovic et al. (2021), neurological disorders
(McIntosh, 2020), or with visual impairment (Qiao et al., 2022) extend and
develop inclusive understanding of tourism experience for PwDs.

Some authors declare that disability creates other tourism barriers for
PwDs and for some PwDs groups physical accessibility represents only
a part of the barrier related to tourism for them (Kastenholz et al., 2015;
Card et al., 2006). This points to the fact that the health limitations also re-
late to each other and the work restrictions that are also related to the fi-
nancial limitations on the tourism use. The gender differences can also
represent a significant determinant in the deciding process about participa-
tion in the tourism activities (Xie et al., 2008; Sweet & Kanaroglou, 2016).
Nevertheless, as stated by Alkahtani ef al. (2015), the gender differences are
associated with the different interests, the activities related to leisure time,
the occupations, and so forth.

Fuzzy approaches application in decision-making processes in tourism

In the last decade, fuzzy methods have been increasingly used to devel-
op optimal decision-making systems and mechanisms. These methods
have also placed pressure on data collection processes and the quality of
databases. In tourism, we see a strong engagement of these methods to
increase the availability and competitiveness of tourism, safety, attractive-
ness of destinations, and so on (Tsaur & Wang, 2007; de Paula et al., 2021;
Andria et al., 2020). Gradually, their role is also inclining in the benchmark-
ing processes (Ruiz-Meza et al., 2022; Ulkhagq et al., 2019; Chou et al., 2008).

The multicriterial methods are considered by many authors to be an
important tool for the decision-making processes that are based the on-
tourist satisfaction ratings. Yu et al. (2018) draw an attention to the im-
portance of the online reviews on the tourist website for the decision-
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making of tourists. According to the authors, the online reviews represent
an important research problem. Law (2007) proposed the fuzzy decisions
model for the website evaluation. The authors pay an attention to the sub-
jective consumer perception of the quality of the website and hence, they
propose the process of an evaluation of the relative performance of the
website and increasing the competitiveness of the destinations.

Fuzzy techniques are recommended as a suitable tool for tourists in
choosing a destination (Popovic et al., 2019). They are also useful in select-
ing optimal accommodation, where price, distance from the center, safety,
location, and reservation conditions are important criteria. Mahdi and
Esztergar-Kiss (2021) applied the combining fuzzy-AHP and GIS methods
to select the optimal accommodation facility and confirm that improving
the accommodation conditions can increase the attractiveness of the desti-
nation as well as its competitiveness. Forouzandeh et al. (2021) propose
a new approach related to the tourism recommendations that is based on
the combination of the Artificial Bee Colony (ABC) algorithm and the fuzzy
model TOPSIS. The outcomes of the study confirmed the high accuracy of
the proposed method for the tourist decision-making processes.

The multicriterial methods are also employed by the authors to reveal
the factors affecting the development of tourism through an exploration of
the potential for the new forms of tourism, while the geographical and
environmental aspects appear in the forefront (Yang & Kong, 2022; Ima-
nov, 2021; Puska et al., 2022). Nilashi et al. (2019) applied the fuzzy ap-
proaches to the medical tourism decision-making processes. They applied
the multicriteria decision-making techniques, the Decision-Making Trial
and Evaluation Laboratory (DEMATEL) and Fuzzy Order of Preference by
Similarity to Ideal Solution (Fuzzy TOPSIS). The outcomes show the most
important factors for the medical tourism adoption human and technologi-
cal factors. Liao ef al. (2022) confirmed that the analytical hierarchical pro-
cess (AHP) and the TOPSIS methods are the most widely applied MCDM
methods to evaluate tourism, selection of hotels, evaluation of the attrac-
tiveness of destinations through an evaluation of the bibliometric analysis
and the methodologies. Similarly, Ziyadin et al. (2019) applied the fuzzy
techniques to create a model of sustainable tourism and strategic manage-
ment through an application of the fuzzy algebra mathematical apparatus.
The model considers the environmental and social indicators. Andria et al.
(2021) employed the FMCDM method for the tourism sustainability evalu-
ation processes. The authors compared the results of FMCDM with im-
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proved DEA, while DEA showed the better characteristics than a compara-
tor for evaluating the inefficient units. Dinger and Yiiksel (2019) consider
the evaluation of the investment strategies to be important for sustainable
tourism. For this purpose, the Hybrid of Decision-Making Approach Based
on Type-2 Fuzzy Sets interval, and fuzzy approaches consider the ap-
proaches to the decision-making processes in the field of tourism offer.

Based on the overview, research on tourism for PwDs is fragmented.
However, there are strong multidisciplinary connections between the stud-
ies. Exploring fuzzy-based multi-criteria models (Haskova et al., 2023) in
decision-making under uncertainty can offer valuable insights, especially
when integrating sustainability aspects, as seen in various applications like
investment selection and resource management. Several dimensions of
barrier-free tourism take place, while binds to the particular diagnosis’s
groups and systemic solutions of barrier-free tourism are absent. The criti-
cal points and potential areas for improvement are identified in the studies,
but particular suggested solutions and tools, which would help PwDs in
the difficult decision-making processes, are missing. It has a negative im-
pact on the PwDs satisfaction related to tourism and their loyalty as well as
on the further development of barrier-free tourism in the international per-
spective and economic development of the countries.

Methods
Formal formulation of the evaluation problem

The decision-making support system for travel planning for PwDs is
a model for processing both data and knowledge. Therefore, the following
management subjects are defined: experts — participants of the tourist
movement with disabilities (respondents of the research questionnaire)
who visited the destination and expressed their opinions regarding its ac-
cessibility; potential tourists — people with disabilities planning a trip
based on the assessment of the level of accessibility of the region and acting
as a person who makes further decisions; the system analyst is the person
responsible for setting up all evaluation processes of the expert model.

Let the level of accessibility in the selected regions R = {Ry; Ry; ...; Ry},
be evaluated when planning a trip for PwDs. We have E = {e;; e,; ...; eg} —
a set of participants of the tourist movement with disabilities who visited
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the destination and based on their experience gave feedback about the ac-
cessibility at the destination. Such reviews are provided according to
groups of evaluation criteria Gy;Gy;...; G, for the purpose of forming
a database. P is a potential tourist with disabilities, for whom the level of
accessibility of the region will be derived according to his goal needs, to
make a travel decision.

Let the system-theoretical-multiple model of the task of assessing the
level of accessibility of the region when travel planning be presented as
follows:

M(R,E, P,mrp, Ky 4, Mgy, Mp )Y (f). (1)

Here we have: myp —the type of disability or restriction of mobility; K; ,
— information model of assessing the level of accessibility of destination;
Ms, — a fuzzy method of determining the degree of accessibility of destina-
tion, taking into account the level of limited capabilities of the participant
of the tourist movement; Mp, — a decision-making method when travel
planning on the accessibility of the region on goal needs.

As a result, the initial estimate Y(f) = {AR; R*}, is obtained, which con-
sists of: AR — the ranking series of accessibility of regions, which takes into
account the limitations of the potential tourist and his goal needs; R* is an
alternative solution for a potential tourist when planning a trip. The initial
estimate Y (f) contains the content of the validity of decision-making at the
level of regional tourism when planning a trip for PwDs.

Fuzzy logic is used in the study because of its ability to handle the un-
certainty and complexity of data such as tourist reviews, accessibility crite-
ria, and individual limitations of PwDs. It allows the modeling of multi-
criteria problems where parameters may be incomplete or conflicting,
providing adapted and personalized decision-making. This is important for
PwDs travel planning, as each person with a disability evaluates accessibil-
ity differently, depending on physical limitations and needs.

For a visual interpretation of the decision-making support system, when
travel planning for PwDs, a structural diagram is given, Fig. 1.

Fig. 1. shows the structural diagram of the decision-making support sys-
tem, which is divided into two components: the data level and the
knowledge level. In the program implementation of the developed system,
these levels will be backend and frontend, respectively. At the data level,
we have a set of experts ey, e,, ..., e, information about their type of disabil-
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ity or mobility limitation myp and the regions they visit Ry, Ry, ..., R,,. After
that, feedback from experts e, e,, ..., & is collected according to the devel-
oped information model for assessing the level of accessibility of the desti-
nation K;,. All information is stored in the database. At the knowledge
level, we have a potential tourist P, who is planning a future trip and aims
to choose the best region for this. The potential tourist provides infor-
mation about their type of disability or mobility restriction myp, and also
expresses their own target needs in the future trip. The fuzzy method Ms,,
based on information from the database, determines the degree of accessi-
bility of the destination, considering the level of disabilities of the partici-
pants in the tourist movement. Mg, is also used to calculate the assessment
of the level of disabilities of the potential tourist. The set of initial data at
this stage is presented to the knowledge base. Next, the information is pro-
cessed by the decision support method for planning a trip regarding the
accessibility of the region according to the target needs Mj,. The output is
the initial assessment Y (f) = {AR; R*}: AR is a ranking series of accessibility
of regions, which considers the limitations of the potential tourist and his
target needs; R* is an alternative solution for the potential tourist when
planning a trip. Based on the initial data, the potential tourist makes a deci-
sion on the choice of a region for the future trip. If the resulting alternative
solution does not satisfy the potential tourist, then the travel planning deci-
sions are revised by changing the target needs.

A two-component decision support system for travel planning for
PwDs is presented.

The first component of the decision-making support system when
planning a trip is the data level. To develop an adequate decision-making
support system for planning and choosing a region for visiting by PwDs, it
is necessary to have real data. Such data should be based on the experienc-
es of PwDs visiting destinations. Therefore, the first component of the de-
veloped system is the collection of feedback based on the proposed infor-
mation model and the formation of a database for obtaining knowledge. In
the first part, data is collected separately for participants in the tourist
movement. For this, the information model K;,,is presented, based on
which further evaluations will take place.

Ky 4 — information model of assessing the level of accessibility of destination
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Let there be a set G3; Gy;...; G; of groups of criteria for evaluating the
destination with respect to accessibility. Each such group consists of a set of
evaluation criteria K; = {Ky;;i =1,0,},g = 1,1 accessibility of the destina-
tion. Experts express their opinion on the issue of accessibility at the desti-
nation according to each evaluation criterion. To formalize experts' state-
ments, a set of linguistic variables A = {4;; 4,; A3; A4; 45}, is pro-
posed, which expresses the following meaning: A; — “Strongly disagree”; 1,
— “Disagree”; 1; — “Neither agree nor disagree”; 4, — “Agree”; 15 —
“Strongly Agree”.

The set of criteria contains the impressions of the participants of the
tourist movement regarding accessibility at the destination. Next, groups of
evaluation criteria included in the information model are proposed.

G, — parking at the place of residence.

K;, — the availability of parking spaces for persons with disabilities (PwDs)
was adequate.

K;, — the allocation of parking spaces for PwDs met the required standards.
K;3 — the proximity of the disabled parking space to the entrance was opti-
mal (closest to the entrance).

K, — the parking space markings were clear and easily distinguishable
(e.g., signage).

K;5 — the dimensions of the parking space for PwDs met the required speci-
fications (adequate width).

K, — the aisle width in the parking areas met the required standards.

G, — entrance to the accommodation facility.

K,, — the entrance to the accommodation can be considered barrier-free.

K;, — the gradient of the ramp meets the required specifications.

K3 — the width of the ramp was fine.

K, — the construction and location of the ramp were satisfactory.

K5 — the construction of the lifting platform was satisfactory.

K6 — the location of the lifting platform was suitable.

K,, — there were no curbs or other minor architectural barriers at the en-
trance.

K,g — the width of the entrance door to the accommodation facility is satis-
factory.

K,4 — the entrance door did not contain elements that make it difficult to
enter the hotel (fittings, high handles, etc.).

Gs — hall and reception.

K3, — the entrance can be considered barrier-free.
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K3, — lanes for the visually impaired were clearly marked.

K33 — the audio induction loop was accessible to the hearing impaired and
those using a hearing aid or other assistive device.

K3, — limited-service areas (e.g., reception desk) were available to serve
customers with disabilities.

G, — elevators in the accommodation facility.

K41 — the width of the elevator door is satisfactory.

K,, — the width of the lifting device was satisfactory.

K, — use of the elevator was constant (both inside and outside).

K44 — the floor surface of the elevator was suitable for the needs of people
with disabilities.

G5 — hotel room.

K51 — an adjustable bed was available that suited my needs.

Ks; — the height of the bed is satisfactory.

Ks3 — the space under the bed was satisfactory.

Ks, — the bed had a firm mattress that suited my needs.

K55 — the bathroom had a wide clean space.

K5 — the height of the tables is satisfactory.

Ks5; — the convenience of moving around the room (carpet, floor, etc.).

Ksg — a handheld showerhead was available, meeting the individual’s
needs.

Ksg — the mirror is placed at a convenient distance for the disabled.

Ks 10 — the height of the toilet seat is satisfactory.

K 11 — access to the cabinet beneath the sink was unobstructed.

Ks 1, — there was a vast space in the room.

Ks5 13 — control of mechanical parts of accessories (water faucet, light, air
conditioner) was convenient.

K 14 — all the controls were visible from the bed.

Ks 15 — a bar fridge was available for medication which suited my needs.

G¢ — mobility and security.

Kg1 — the grab bars in the bathroom were accessible and suited my needs.
K, — the railing was the entire length of the bathroom.

K43 — the shower had a bench or other alternative arrangement.

Kg, — there were seats available in the elevator that suited my needs.

Kgs — the non-slip floor was functional in the bathroom.

K46 — there was an emergency button in the bathroom, the location of which
suited me.

K7 — the room was located not far from the elevator.
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Kgg — the door opened without problems (e.g. handles).

G, — equipment — comfort/rest/additional mobility of the accommodation
object.

K, — access to the gym was seamless.

K;, — access to the hotel pool was no problem.

K;3 — access to other recreation areas (wellness, sauna) in the hotel was
without problems.

K;, — access to the hotel bar/cafe was no problem.

Gg — services and security.

Kg, — room service was available.

Kg, — assistance services available (e.g. assistance with luggage).

Kgs — orientation was clearly marked.

Kg, — the evacuation plan was clear.

G, — restaurant and business services in the tourist center.

Ky, — the interior of catering establishments is adapted to the needs of peo-
ple with disabilities.

Ky, — there were enough aisles between the tables.

Kg3 — the height of the table and the legroom under it are satisfactory.

Ky, — the counters were adapted to PwD.

Kgs — public catering establishments were clean.

Ky — access to shops has been adjusted for people with disabilities.

Ky; — the aisles between the racks in the stores were wide enough for my
needs.

G1o — parking at the destination/near the tourist attraction.

Kjo 1 — the allocation of disabled parking spaces was satisfactory.

Ko, — the distance of the disabled parking space to the entrance was ap-
propriate (closest to the entrance).

Kjo 3 — the marking of parking spaces was clear and easily identifiable (e.g.
a board).

Ko 4 — the size of the parking space for the disabled is satisfactory (wide
enough).

K, 5 — the width of the aisles in the parking lots was satisfactory.

G11 — physical accessibility of tourist destination attractions.

K, , — attractions at the destination were available.

K1, — sidewalks and roads at the destination were barrier-free.

Kj, 3 — availability of information signs for people with disabilities.

K, 4 — transport (e.g. public transport) has been adapted for people with
disabilities.
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Kj, 5 — there were toilets adapted for the needs of people with disabilities.
G;, — the attitude of residents.

K, 1 — residents and other visitors were attentive.

Kj, , — residents and other visitors were willing to help.

K;, 3 — I had no feeling of inferiority, from other visitors.

For adequate evaluation, it is necessary to have databases and
knowledge bases built on the real data of experts, while considering the
level of their limited capabilities. Therefore, for each participant of tourist
movement E information is obtained regarding the indicator of the type of
disability or mobility limitation — myp. The indicator myp(myrp; Myrp)
includes two variables: m,rp — type of disability or mobility restriction;
m,rp — the percentage recognized by the expert regarding his disability.

The type of disability or mobility limitation is qualitative information
that is summarized in a certain way. Therefore, the expert is asked to
choose a set of values that belongs to his constraint. Such a linguistic evalu-
ation m,rp can have a set of the following values:
my4 — physical limitations only in a wheelchair.
my, — a disabled person in a wheelchair with the ability to walk short dis-
tances with the help of crutches.

m, 5 — disabled with crutches.

my, — a disabled person with the use of a cane.

m, s — neurodegenerative disability in a wheelchair.

my¢ — neurodegenerative disability with crutches.

my, — neurodegenerative disability without compensatory aids.
myg — chronic diseases with the use of a wheelchair.

m,q — chronic disease with the use of crutches.

my1 — chronic illness without compensatory aid.

myq1 — sightless.

myq, — deaf.

Another variable m,r, € [0;100] represents a quantitative value in the
form of a percentage, determined by the expert in relation to his disability.

Without reducing the generality, the group of criteria is open. The mod-
el is presented in a general form, so it has no restrictions on the number of
groups or criteria.

Thus, the main function of the information model is to collect feedback
from experts. A set of such reviews is stored in a database, based on which
knowledge is subsequently obtained to assess the level of accessibility of
the region.
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The second component of the decision-making support system when
planning a trip is the level of knowledge. After collecting feedback from
other participants in the tourist movement and forming a database, the
data is processed. Here, a potential tourist with disabilities decides to visit
the region using: a knowledge base; a fuzzy method of determining the
degree of accessibility of destination, taking into account the level of lim-
ited capabilities of the participant of the tourist movement — Ms,; a deci-
sion-making method when travel planning on the accessibility of the region
on goal needs — Mp,.

M, — a fuzzy method of determining the degree of accessibility of destination,
considering the level of limited capabilities of the participant of the tourist move-
ment

Let the participants of the tourist movement with disabilities (experts)
visit the destination and express their attitude on the issue of accessibility
according to the proposed groups of criteria. Since the presented research is
focused on regional tourism, the travel decision-making support system will
recommend the general region to visit. Regional ratings will reflect objective
reality, as they are derived from many reviews regarding the accessibility of
the destination. Then the generalized content of group opinion is obtained
within the region. And as you know, group opinion is close to the truth. In
this regard, there is no need to collect information about a specific object at
the destination. The level of accessibility of multiple destinations determines
the general impression of the accessibility of the region. Furthermore, with-
out loss of generality, the fuzzy method is rearranged for some experts e in
the visited region R. The set of input linguistic variables has the following
form, Table 1.

In the first step, to compare the data, it is necessary to assess the level of
the expert's limited capabilities. In the second step, the expert's reasoning
needs to be generalized and standardized across groups of evaluation crite-
ria.

In the first step, the following approach is used to assess the level of the
expert's limited capabilities.

It is proposed to use intellectual analysis of knowledge, based on mem-
bership functions, to reveal uncertainty and subsequently compare data re-
garding the type of disability or mobility limitation. For this purpose, a Z-like
membership function is considered, which can be applied to problems of
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uncertainties of the "low level" type. For example, a quadratic Z-spline
would look like this:

1, w<1;
—1)2
1-“ 1<wsy
Hitp = —w)? @)
o) 4cw<7,
18
0, w=7.

where w is the number of elements from the set myrp = {my1; Mqy; ...; My12}
for the considered expert e. The membership function has the following
meaning: the greater its value, the lower the level of the expert's limited
capabilities.

Further, for another variable of the indicator m,rp, which is the percent-
age recognized by the expert regarding his disability, it is similarly sug-
gested to use a quadratic Z-spline:

1, Myrp < 10%;
_ 2
1— St 109% < myrp < 40%;
Horp = (70-marp)? 3)
T' 40% < Mmyrp < 70%,
0, Myrp = 70%.

The value of the membership function p,rp characterizes the level of
disability of a participant in the tourist movement. The logic is as follows:
the larger the value of u,rp, the lower the level of the expert's limited capa-
bilities.

The parameters of the membership functions constructed above were
adjusted based on the experience of the authors of the article and real data
from V4 countries. Thus, normalized data are obtained for the indicator of
the type of disability or mobility limitation: myp = (U17p; Uarp)-

Next, to derive one normalized estimate of the level of limited capabili-
ties of the expert myp, it is proposed to use the approach of intellectual
analysis of knowledge based on multidimensional membership functions.
Values (pirp; Haorp) are characterized by the uncertainty of the "average
value" type. In two-dimensional space, cone-shaped or pyramidal member-
ship functions are used to reveal such uncertainty. Without reducing gen-
erality, we consider a conical membership function with base (1;1) and
scaling by coordinates(2; 2):
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mrp = {10’ o/tl;zle];iij:’ A= % V(rrp = D? + (arp — 1)2.(4)
Thus, the participant of the tourist movement e receives a normalized as-
sessment of the level of limited opportunities in the visited region —
mrp (e, R) € [0;1]. This indicator has the following meaning: the greater the
value, the lower the level of various violations, restrictions on activity, and
obstacles to the active activity of a participant in the tourist movement.

Consider the second step of the fuzzy method.

Let each linguistic variable be assigned some quantitative estimate a. The
level of assessment o increases if the indicator has good feedback from ex-
perts at the destination. In connection with the further normalization of the
data, it is proposed to express the quantitative assessment through the fol-
lowing characteristic function:

o, =1 if A;-"Strongly disagree",
a, =2 if A,-"Disagree",
a=<0az =3 if A;-"Neitheragree nor disagree", ©)
o, =4 if A,-"Agree",
as =5 if As-"Strongly agree".

To obtain a normalized and compared value, within a group of criteria,
an averaged value is used:

oy = %Zfﬁl agi, g = 1,1 (6)
where g, € [0;1], 6, is the number of criteria in the corresponding group
g. The resulting value has the following meaning: when g, approaches
unity, then the expert is satisfied and has a good impression of the set of
accessibility criteria at the destination. o, is the normalized score of the
group of accessibility criteria at the destination.

Next, the normalized evaluations are aggregated for all groups of acces-

sibility criteria at the destination according to the following formula:

_ 1
o= 722:1 ag. 7)
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Of course, a convolutional approach can also be used here, using the
importance of groups of criteria. The authors of the article consider the
assessment of such importance in future studies as one of the tasks.

At the output of this method, an assessment and the degree of accessi-
bility of the destination are derived, considering the level of limited capa-
bilities of the participant of the tourist movement. To adequately interpret
such a dependence, the following function is constructed:

0, og<0;
Esa =1(@)™P, 0<5<1; (8)
1, og>1.

This score Eg, is calculated by the corresponding expert e in the visited
region R, so we denote it Eg,(e; R). The construction of such a function is
driven by the following logic: an expert with a low level of disability, after
visiting a destination, has a bad impression of accessibility, then the output
score Zg, tends to 0. Conversely, the output score Zg, tends to be 1 if an
expert, with a strong level of limited capacity, receives a good impression
of accessibility at the destination. Therefore, this function can adequately
interpret the situation regarding comfort at the destination of PwDs.

Next, the degree of accessibility of the destination is determined in the
form of a linguistic assessment regarding the level of comfort in the desti-
nation (region R) for PwDs (e), respectively by type of disability and its
percentage. For this, the obtained value Zg, € [0; 1] is mapped to one vari-
able of the term-sets LC = {lcy, lc,, ..., lcs} putting the following content:

- Ess €(0,8; 1] — lc; = “High level of comfort at the destination for a PwD

(my7p) and its percentage (m;,rp).

- Zs4 € (0,6; 0,8] — lc, = “Level of comfort at the destination for a PwD

(myrp) and its percentage (m,rp) above average”.

- Esa € (0,4; 0,6] — lcs = “Average level of comfort at the destination for

a PwD (myrp) and its percentage (myrp)”.

- Zs4 €(0,2;0,4] - lc, = “Low level of comfort at the destination for a PwD

(myrp) and its percentage (m,rp)”.

- Esq € [0; 0,2] — lcs = “Very low level of comfort at the destination for

a PwD (myrp) and its percentage (m,rp)”.

Since the fuzzy method was introduced for some experts ¢ in the visited
region R, the evaluation procedure is repeated for all participants of the tour-
ist traffic from the database.
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Thus, based on the fuzzy method of determining the degree of accessi-
bility of the destination considering the level of limited opportunities of the
participant of the tourist movement, for each expert e in the visited region,
an assessment, and the degree of accessibility of the destination is obtained,
considering the level of limited opportunities of the participant of the tour-
ist movement. Such initial data are presented in the form of Table 2 and
form part of the knowledge base of the researched problem.

It is clear that Table 2 forms a sparse matrix, as the experts do not visit
all the regions, but each expert has visited at least one. Therefore, the ma-
trix will have at least one value per row for some region.

In addition, if we have more than one expert in a certain region in the data-
base, then within the criteria groups there is an aggregated impression of
the experts regarding the availability of the region.

=1 %9 CloR ) s 7
Qg=%,k=1,§,g=1,l. )
where NV is the number of experts who visited the corresponding region
R;, j= 1,n. The resulting value has the following meaning: when Qg4 ap-
proaches unity, then on average the experts are satisfied and have good
impressions about the set of accessibility criteria within the region.

Mp, — a decision-making method when travel planning on the accessibility of the
region on goal needs

For the decision-making support method, when planning a trip accord-
ing to target needs, the normalized scores Q,, g = 1,1 of groups of accessi-
bility criteria at the destination are considered. Such assessments form an-
other part of the knowledge base of the researched problem.

A feature of the decision-making support method when planning a trip
is that potential tourists P have their own goals regarding groups of acces-
sibility criteria. Also, the potential tourist expresses information for the
indicator of the type of disability or mobility limitation mp(P), namely:
the type of disability or mobility limitation (m;rp(P)) and the percentage
recognized by the expert regarding his disability (m,rp(P)). Next, to reveal
the uncertainty and compare the data, the values of the membership func-
tions are calculated using formulas (2) and (3). After that, according to for-
mula (4), one normalized assessment of the level of limited opportunities
for a potential tourist is derived T, (P).
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Next, concerning the normalized estimate of the level of limited oppor-
tunities of a potential tourist, relative estimates of proximity to all estimates
of the level of limited opportunities of participants in the tourist move-
ment, which are in the database 7, (e, R), are determined. For this, values
are calculated according to the following formula for all estimates
m—TD(ek,Rj),k =1,¢j=1n:

(p — 1 _ |m_m(P)_m—m(ek'Rj)| (10)

max{iep (P)-min(mrp (e R)) ) max(mrp(eR;))-mrp(P)}

The values of ¢(ey, Rj) € [0; 1] characterize the relative estimates of the
proximity of experts in the visited region to the assessment of the level of
limited opportunities of a potential tourist. If (p(ek, Rj) =1, then the re-
striction of the potential tourist coincides with the participant of the tourist
movement e, in the region R;. And vice versa, if (p(ek,Rj) = 0 there is an
absolute mismatch between the expert's restriction e, and the potential
tourist.

Let the system analyst establish a certain level w € [0; 1] of compliance
with the limitation of the potential tourist (p(ek, R]-) € [0;1]. After that, only
those regions for which the value (p(ek, R]-) > w are selected for considera-
tion as potential regions: R = {le (p(ek, R]-) >w, j= 1,_n}

Let the following goals be proposed in terms of groups of criteria:
C4,Cy, ..., Cp. For example, for the developed information model for as-
sessing the level of accessibility of the destination K, the given goals are as
follows: C; — the goal of convenient parking at the place of residence; C, —
the goal of accessibility standards for the entrance to the accommodation
facility; C3 — the goal of matching the hallway and reception; C, — the
purpose of the standards of accessibility of elevators in the accommodation
facility; Cs — the goal of hotel room comfort; C; —the goal of mobility and
security; C; —equipment goal — comfort/rest/additional mobility of the
accommodation facility; Cg — service and security goal; Cg —the goal re-
garding restaurant and business services in the tourist center; C;, —the
goal of convenient parking at the destination/near the tourist attraction; Cy4
— the goal regarding the physical accessibility of the attractions of the tour-
ist destination; C;, — the goal regarding the appropriate level of attitude of
residents.

Next comes the task of assessing the level of accessibility of the region,
when planning a trip consisting of [ goals. Then vectors C;(P) =
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{01(R1), 01(R2), ., 01(Rn)}, Co(P) = {02(R1), 02(Ry), ..., 02(Rn)}, ..., Ci(P) =
{o,(Ry),0,(R), ..., 01(R,)}, are projected onto the I-dimensional space, re-
spectively. For each region, the coordinates for the goals C,,C,,...,C;, are
obtained, which are presented in the following  form:
(01(R1), 02 (Ry), ..., 01(Ry)), (01(R3), 02(R2), ..., 01(R2)),.,
(01(Rn), 02(Rp), .., 01(Ry)).

Let the [-dimensional “vector of the goals of a potential tourist” T* =
(41,4, ...,4;), be considered, which expresses the desire to prioritize
groups of criteria regarding accessibility for the future trip according to the
goals Cy, Cy, ..., C;.

Definition. “Vector of the goals of a potential tourist” is an imaginary re-
gion in which the coordinates of the goals of accessibility could satisfy
a potential tourist in deciding to visit the region.

Such a vector of goals of a potential tourist is modeled as follows. Let an
object with [ inputs and one output be analyzed, and U - is the initial eval-
uation vector (uq, Uy, ..., U;):

U= (A, Ay, ..., A). (11)

The components of the vector U acquire normalized and compared val-
ues from the interval [0; 1]. 44, 4,, ..., A; — input linguistic variables from the
terms the set A.

Next, qualitative terms from the following term-set A ={a;(minimum
need); a,(minor need); az(existing need); a,(significant need); as(priority
need)}, for the assessment of linguistic variables A4, 4, ..., 4;:

Ay = (ay1, 13, ---, Os5),
Ay = (21,022, -+, Az5), 12)
Al = (all, alz, ceny als).

The knowledge “vector of the goals of a potential tourist” T* =
(41, 4,, ..., 4)), is obtained by using fuzzy logic. For this purpose, a base of
fuzzy knowledge is built, based on systems of logical statements — “If —
Then, Else”, which connect the values of the input variables A;,4,,..,4,
with one of the possible values of U, x= 1,5:

IF A, = a;c AND A, = ay AND ... AND 4, = q;
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THEN U = (uy,u,, ...,u;) ELSE...

Thus, the potential tourist P sets a linguistic desire to the vector of goals,
which is translated into the vector of the initial quantitative and normal-
ized assessment (uq, Uy, ..., u;), thatis (uy, uy, ..., u;) = (ty,ty, ..., ty)-

For the developed information model, the fuzzy knowledge base for as-
sessing the accessibility level of the region is as follows.

IF we have goals:

C; — is the goal of convenient parking at the place of residence (ay; is
a minimal need then u; = 0.2; a;, is a minor need then u; = 0.4; a3 is an
existing need then u; = 0.6; ay, is a significant need then u, = 0.8; a;5 is
a priority need then u; = 1)

AND C, - the purpose of standards of accessibility of the entrance to
the accommodation facility (a,; is a minimal need then u, = 0.2; a,, is
a minor need then u, = 0.4; a,; is an existing need then u, = 0.6; a,, is
a significant need then u, = 0.8; a,s is a priority need then u, = 1)

AND C,, — the goal regarding the appropriate level of attitude of resi-
dents (a;,; is a minimal need then u;, = 0.2; a;,, is a minor need then
U, = 0.4; a,,3 is an existing need then u;, = 0.6; a,,, is a significant need
then uy, = 0.8; a,,5 is a priority need then u;, = 1)

THEN the logical statement is formulated as follows.

If a potential tourist needs convenient parking at accommodation 4,
the need for appropriate standards of access to accommodation facility 4,,
..., the appropriate level of attitude of the residents A;, then U =
(Ug, Ug, vy Ugsp).

If necessary, the system analyst can change the quantitative levels or
rules in the goals. And the knowledge base itself, similarly to groups of
criteria, is open, so the number of goals can be changed relative to the in-
formation model if necessary.

Next, for all regions, there are values Z ;= (z4 j1Z2js 1 21 ]-), j= 1,_n, which
represent relative estimates of the proximity of the evaluated regions to the
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vector of goals of a potential tourist for each goal Cy,C,, ..., C;, at the same
time removing the questions of different rating scales:

|t1-0Q1(R)|
le =1- - / )
max{tl—m;n Q1(Rj); mt];x Q1(Rj) —tl}
]

g =1— [t2-02(R))| -

2j max{tz—m}'n Q1(R)); max Q1(R)) —fz}' j=1n (13)

. ()

U max{tl—m}'n Q(Rj); max Ql(Rj)—tl}

Note that in this model it is possible to perform a simplified assessment
without considering the target needs of a potential tourist in terms of goals
correlated with groups of criteria. For this purpose, in formula (12) Eg, is
used — an assessment of the accessibility of the destination considering the
level of limited opportunities of the tourist movement participant, and
instead of the “vector of the goals of a potential tourist” some point SP
from the set [0;1]. When the value SP—1, then a ranking series of the best
regions in terms of accessibility will be built.

Let the potential tourist be able to set weight coefficients for each goal
{vy,v,, ..., v}, for example from the interval [1,10]. If the potential tourist
does not need it, then the weighting coefficients will be considered equally
important. For further calculations, it is necessary to carry out their normal-
ization:

_ V1 _ U2 _ vy
Wi =g Wy =, ..., W = . (14)
Zg:1vg Zg:ﬂ-’g Zg:1”g

The next stage is the aggregation of ratings using a convolutional ap-
proach. A potential tourist is allowed to choose one of the convolutions:

Zi; = l;wg — pessimistic convolution; (15)
Yg=1, -
g]
Zyj = l_[fqzl(zg j)wg — cautious convolution; (16)
Z3; = YL 1wy - z,; —average convolution; 17)
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Zy; = fzgzl wy - (24j)* — optimistic convolution. (18)

After that, based on the obtained Z; values, a ranking series of the ac-

cessibility of the regions is built:
AR = (ARy,AR,,...,ARy). (19)

A decision-making support system enables a potential tourist to choose
a region for travel, considering accessibility goals and type of disability:

R* = m]aij*, j=1n. (20)

From a mathematical point of view, the best alternative solution for
choosing a region in terms of accessibility, when planning a trip, will be the
closest to the “Vector of the goals of a potential tourist”. The larger the
value of Z;, the more accessible the region is to the goals of the potential
tourist who plans their trip and decides to visit the region while consider-
ing the level of the potential tourist's limited capabilities.

The innovation of the decision-making support system when planning
a trip for PwDs is that, based on the statements of experts on the issue of
accessibility at the destination, the type of disability, and the goal needs of
the potential tourist, it derives a general comprehensive assessment of the
region, according to which the ranking of accessibility takes place regions.

Results

The decision-making support system for travel planning for PwDs has been
verified and tested on real data in the countries of the Visegrad Group (the
Czech Republic, Hungary, Poland, and Slovakia) which included a total of
19 regions (Data from the evaluation of 41 participants 2024).

The Visegrad Group countries were selected for the study because of
their geographical and cultural similarities, which allows for a comparison
of tourism systems and accessibility for people with disabilities in a single
context. These countries have a significant development of tourism, which
makes them interesting for studying the impact of inclusive tourism on the
economy. Although these countries have made some steps towards ensur-
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ing accessibility for people with disabilities, there are different levels of
development of policies and infrastructure, which allows for a comparative
analysis. In addition, they are members of the EU, which ensures common
European accessibility standards, and at the same time, there is significant
potential for improving accessible tourism in the countries.

The authors are conducting a comprehensive study on the development
of intelligent decision-making support systems for regional tourism in the
V4 countries. The presented research is a constituent part of it. A research
questionnaire with 132 questions was developed for a comprehensive
study. The data collection procedure itself took place in the period from
March to December 2021 and was made possible thanks to the cooperation
of several organizations. As a result, for the period from 2017 to 2021, data
was collected from 2,343 respondents of tourism participants in the V4
countries. Out of 2,343 respondents, there were 41 participants of the tour-
ist movement with disabilities. To display the results and the possibility of
reproducing the decision-making support system by other researchers, an
example of evaluation on 41 participants of the tourist movement with
disabilities is given.

The first component of the decision-making support system when planning a trip is
the data level.

Based on the available 41 participants of the tourist movement with dis-
abilities, using the information model for assessing the level of accessibility
of the destination, a database was formed. An excerpt of the database is
shown in Table 3, and the entire database is available at (Data from the
evaluation of 41 participants 2024).

The second component of the decision-making support system when planning
a trip is the level of knowledge.

Calculations are first carried out using the developed fuzzy method of
determining the degree of accessibility of the destination — Ms,.
In the first step, to compare data, it is necessary to assess the level of limited
capabilities of experts. For this, the membership functions p;rp and p,rp are
calculated, respectively, according to formulas (2) and (3). Next, a cone-
shaped membership function according to formula (4) is used to derive one
normalized estimate of the level of limited capabilities of experts mrp .

443



Oeconomia Copernicana, 16(1), 417-462

In the second step of the fuzzy method, some quantitative estimate o, is
assigned to each linguistic variable, according to the formula (5). Further, to
obtain a normalized and compared value, formula (6) is used to obtain
09,9 = 1,12 averaged value within the criteria group.

After that, aggregation of 6 normalized estimates for all groups of acces-
sibility criteria at the destination is carried out according to formula (7). At
the output of this method, according to formula (8), the Zg, score and the
degree of LC accessibility of the destination are derived, considering the
level of limited capabilities of the tourist traffic participant.

All results of calculations by 41 experts are given in (Data from the
evaluation of 41 participants 2024), and fragments of calculations by previ-
ous experts are illustrated in Table 4.

As can be seen from the table, expert e,5 in the West Pomeranian Voi-
vodeship (PL) region received the best impression of accessibility at the
destination.

Next, Mp, is considered — a method of supporting decision-making,
when planning a trip regarding the accessibility of the region according to
the goal needs.

Let us have some potential tourist P. First, let him express information
about: myrp(P) type of disability or mobility restriction — “Disabled in
a wheelchair, Neurodegenerative disability, Sightless”; m,rp(P) percentage
recognized by an expert regarding his disability — 45%.

After that, the values of the membership functions are similarly calcu-
lated according to formulas (2) and (3): pyrp(P) =0.778; pyrp(P) =0.347.
According to formula (4), one normalized assessment of the level of limited
opportunities for a potential tourist is derived mr,(P) =0.655.

Next, concerning the estimate m;,(P) the relative estimates of proximity
to all estimates of the level of limited opportunities of 41 participants of the

tourist movement are determined according to formula (10). Let the system
analyst set the level of limitation of a potential tourist at w = 0.6. The calcula-
tion results are shown in Fig. 2.

Then the regions are selected for the next -calculation R =
{le (p(ek, R]-) >06, j= 1,_n} As a result, 12 experts from 8 regions are ob-
tained: R; =Nitra region (SK) — expert e3; R, =Zilina region (5K) — experts
e,, e1e; R; =Banska Bystrica Region (SK) — experts es, e,4; R, =PreSov
region (SK) — experts e;,, e;9; Rs =Trnava Region (SK) — experts e,,, e,3;
Rs =West Pomeranian Voivodeship (PL) — expert e,s; R, = Hajdu-Bihar
County (HU) — expert e3,; Rg = Liberec region (CZ) — expert ez,.
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As we can see, in some regions there is more than one expert in the da-
tabase, then within the criteria groups there is an aggregated impression of
experts regarding the accessibility of the region according to formula (9),
Table 5.

Let the potential tourist express his own goal needs for the planned trip.
Such an expression is given as a "vector of the goals of a potential tourist"
according to the goals Cy, C,, ..., Cy5: U = (44,45, ..., A1,), where Aj=ay; A, =
a3; Az = a3; Ay = as5; As = As; Ag = Q45 A7 = 45 Ag = p; Ag = 35 Agg = Gy;
Ay = ay; Ayp = as.

Then, using a fuzzy knowledge base on the assessment of the level of
accessibility = of the region is  obtained (Uq, Uy, ey Ugp) =
(0.8;0.6;0.6; 1;1;0.8;0.2; 0.4; 0.6; 0.4; 0.4; 0.6).

Moreover (U, Uy, ..., Usz) = (tq1, Lz, o) t12).

Next, for all regions, there are values according to formula (13), which
represent relative estimates of the proximity of the evaluated regions to the
vector of goals of a potential tourist for each goal C;, C,, ..., C,. The result is
recorded in the form of Table 6.

Let the potential tourist set the weighting coefficients for each goal from
the interval [1,10]: v;=8; v,=6; v3=6; V,=8; v5=10; V¢=7; v,=6; Vg=6; Vy=8;
V10=6; V11=7; V12=9.

Normalized weighting factors are calculated according to the formula
(14): w;=0.09; w,=0.07; w3=0.07; w,=0.09; ws=0.11; w¢=0.08; w,=0.07; wg=0.07;
wy=0.09; w1(=0.07; w;,=0.08; w,,=0.1.

At the next stage, evaluations are aggregated using convolutions. Let
the potential tourist choose the average convolution according to formula
(17):

Z3, =0.36; Z3, = 0.57; Z33,=0.5; Z3, = 0.71; Z3s = 0.66; Z3, = 0.32; Z3, =
0.73; Z3g = 0.49.

After that, based on the obtained Z3 values, a ranking series of the ac-
cessibility of the regions is built: AR =(R;; R4; Rs; R,; Rs; Rg; Ry; Re).

The results of the study show that the decision support system for travel
planning for people with disabilities was successfully tested on real data
from 19 regions of the Visegrad Group countries. The analysis assessed the
level of accessibility for people with disabilities in these regions and con-
sidered the individual needs of potential tourists. The results showed that
the best choice for a potential tourist was the region R,, which best meets
his needs and level of limitations. This approach allows for effective com-
parison of different regions and choosing the best option for tourists with
disabilities.
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Discussion

In the work, a decision-making support system was developed when travel
planning for PwDs, which, based on the feedback of participants of the
tourist movement with disabilities, takes into account their level of comfort
at the destination, is based on the goal needs of a potential tourist and de-
rives a ranking of regions to visit based on the similarity of the limited op-
portunities of a potential tourist to the participants of the tourist move-
ment. Designed for this: information model of assessing the level of acces-
sibility of destination; a fuzzy method of determining the degree of acces-
sibility of destination, taking into account the level of limited capabilities of
the participant of the tourist movement; a decision-making method when
travel planning on the accessibility of the region on goal needs; verified the
developed decision-making support system based on real data in the re-
gions of the V4 countries; an example of evaluation based on the data of 41
participants of the tourist movement with disabilities for regions from the
V4 countries is illustrated.

The decision-making support system is based on two components: data
level and knowledge level. The level of data forms a database of actual
visits to the destination by participants of the tourist movement with disa-
bilities, further regional tourism is evaluated based on their experience. The
level of knowledge consists of mathematical models that collectively repre-
sent a decision-making support system when planning a trip for PwDs. For
the formalization of the system, the mathematical apparatus of the theory
of fuzzy sets and fuzzy logic, expert evaluation, and intellectual analysis of
knowledge is used. The choice of such a mathematical tool makes it possi-
ble to increase the degree of reasonableness of decision-making regarding
travel planning.

The value of the decision-making support system when planning a trip
for PwDs is that: on the one hand, the system is based on real feedback
from the participants of the tourist movement, who expressed their impres-
sions about accessibility at the destination, and on the other hand, it con-
siders the goal needs and information regarding mobility restrictions of the
potential tourist. At the output, a ranking number of regions is obtained in
terms of their availability relative to the goal needs of a potential tourist.
Another important aspect of this study is that all settings of the decision-
making support system are tested and verified on real data. This will make
it possible to develop real and high-quality travel plans for participants of
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the tourist movement with disabilities. On the other hand, this decision-
making support system can be useful for business and public authorities to
understand the need for the quality of integrated tourism services for
PwDs.

It is proved above that the developed decision-making support system
has important practical value. Note that the formal description of the sys-
tem is presented in the format of data and knowledge levels. This is done
to easily implement it in software tools for quick practical use. In the pro-
gram implementation of the system, the levels of data and knowledge will
be Backend and Frontend, respectively. This presentation of the system is
aimed at attracting a wider audience.

Existing approaches to travel planning for PwDs (Agovino et al., 2017;
Darcy et al., 2020) primarily focus on static accessibility information, such
as databases of barrier-free locations or generalized accessibility ratings of
destinations. Previous works (Kastenholz et al., 2015; Card et al., 2006) have
proposed rule-based and statistical methods for evaluating accessibility, yet
they often lack adaptability to the specific needs of an individual traveler.
Moreover, traditional accessibility assessment models do not consider the
dynamic nature of accessibility, relying mostly on expert-driven or infra-
structure-based evaluations without integrating real user feedback.

Compared to these approaches, our proposed decision-making support
system introduces a more personalized and data-driven methodology.
Unlike prior models, which provide generic accessibility ratings, our sys-
tem incorporates real-time feedback from PwDs who have visited specific
locations, allowing for a more context-aware and user-centric assessment.
By leveraging fuzzy logic and expert evaluations, our system effectively
addresses the inherent uncertainty in accessibility perception, which previ-
ous deterministic models fail to capture.

Another key advantage of our model is its ability to generate personal-
ized travel recommendations. While earlier research has focused on acces-
sibility as a binary measure (accessible/non-accessible), our approach ranks
destinations based on their suitability for an individual traveler, consider-
ing both their specific mobility limitations and travel goals. This level of
granularity enhances the decision-making process and improves travel
planning accuracy for PwDs.

Additionally, our model is tested on real-world data from the V4 coun-
tries, providing empirical validation that is often missing in other studies.
The integration of data and knowledge levels in our system allows for
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seamless adaptation to different regions, which is a significant improve-
ment over existing models that require manual adjustments for each loca-
tion.

By offering an adaptable, user-feedback-driven, and goal-oriented ap-
proach, our decision-making support system not only surpasses the exist-
ing methodologies, but also contributes to the development of inclusive
tourism policies. The ability to personalize travel recommendations based
on real user experiences makes our system a superior alternative to tradi-
tional accessibility evaluation frameworks.

The advantages of the decision-making support system stem from the
fact that: the system is easily adapted to any region, groups of accessibility
criteria are easily configured, and the goal needs of PwDs are easily con-
figured; the information model is presented in a general form, so it does
not have any restrictions on the number of groups or criteria; a set of lin-
guistic assessments of the type of disability or mobility limitation can be
easily modified, which does not affect further calculations; the level of lim-
ited capabilities of the potential tourist and his goal needs for visiting the
destination are taken into account; the system outputs a ranking of the
accessibility of regions, which takes into account the limitations of the po-
tential tourist and his goal needs; the system displays an alternative solu-
tion for a potential tourist when planning a trip; the decision-making sup-
port system uses the theory of fuzzy sets and fuzzy logic, which reveals the
uncertainty of input expert evaluations; all parameters of the decision-
making support system were adjusted on real data.

Enhancing the coherence of the proposed decision-making support sys-
tem with global inclusive tourism policies strengthens its practical impact.
By aligning the system’s methodology with international accessibility
frameworks, such as the UNWTO Guidelines on Inclusive Tourism, our
approach can serve as a valuable tool for policymakers and stakeholders in
the tourism sector. Furthermore, integrating the model into existing re-
gional and national tourism strategies will foster more data-driven and
user-centered decision-making, ultimately improving travel experiences for
PwDs.

A limitation of our study was the use of different types of characteristic
functions and membership functions of one and many variables. This also
includes setting their parameters. The adequacy of the decision-making
support system depends on the level of data, that is, on the amount of
feedback from experts with disabilities. Therefore, it is necessary to make
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a wider sample of the research questionnaire, while expanding the geogra-
phy of the research in other countries. However, these limitations do not
affect the obtained results and innovative approaches. The reliability of the
obtained results is ensured by the justified use of the mathematical appa-
ratus. The rationality of alternative solutions when planning a trip for par-
ticipants of the tourist movement with disabilities contributes to the devel-
opment of inclusive regional tourism and proves the advantages of the
developed model.

Addressing the identified limitations through future research will fur-
ther enhance the system’s applicability. Expanding the geographic scope
and increasing the dataset of user feedback will refine the ranking model,
ensuring greater accuracy in assessing accessibility. Moreover, incorporat-
ing real-time data updates and Al-driven predictive analytics can improve
the system’s adaptability to dynamic accessibility conditions. These ad-
vancements will not only strengthen the decision-making framework, but
also contribute to the ongoing development of inclusive tourism policies on
a global scale.

Conclusions

The main goal of the research is to develop a decision-making support sys-
tem when planning a trip for PwDs, based on the example of the countries
of the Visegrad Group. At the same time, the following scientific results
were obtained.

Firstly, developed information model for assessing the level of accessi-
bility of destination, which consists of 74 criteria, which are divided into 12
groups and contain impressions of participants of the tourist movement
regarding accessibility at the destination. It formalizes the collection of
information regarding the indicator of the type of disability or mobility
limitation. The model is presented in a general form, so it has no re-
strictions on the number of groups or criteria. This model represents the
level of feedback data.

Secondly, a developed fuzzy method of determining the degree of ac-
cessibility of the destination, considers the level of limited capabilities of
the participant of the tourist movement. The input data are linguistic vari-
ables regarding the impression of the participants of the tourism movement
regarding accessibility in the destination. The method uses the principles of
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fuzzy sets. As a result, the method for each expert in the visited region
derives a quantitative normalized assessment and the degree of accessibil-
ity of the destination, considering the level of limited capabilities of the
participant of the tourist movement.

Thirdly, a decision-making method for travel planning on the accessibil-
ity of the region on goal needs was developed. The method goes from des-
tination accessibility to region accessibility. The method considers the type
of disability of a potential tourist. The concept of the "Vector of the goals of
a potential tourist” is introduced to consider his goal needs regarding the
accessibility of the region in terms of groups of criteria. The method is
based on the principles of fuzzy logic and intellectual analysis of
knowledge. The built knowledge base is open, so the number of goals, the
number of levels, and the rules in the goals can be changed if necessary. At
the output, alternative options of regions in terms of accessibility are ob-
tained that are closest to the goals of the potential tourist who plans their
trip and decides to visit the region, while considering the level of limited
capabilities of the potential tourist.

Fourthly, the decision-making support system has been verified and
tested on real data in the Visegrad Group countries. An example of an as-
sessment of 41 participants of the tourist movement with disabilities is
illustrated.

Further research will be aimed at developing software applications fo-
cused on the needs of tourists with disabilities, which will ensure conven-
ient travel planning for this category of people. The implementation of
software solutions based on the proposed decision-making support system
will significantly enhance the practical value of this research by providing
real-time accessibility assessments and personalized travel recommenda-
tions for tourists with disabilities. In particular, a web-based analytical
system for business and government agencies will be developed that will
use methods of obtaining and presenting knowledge to support the devel-
opment of regional tourism in the context of inclusion.

The next stage will be the research and implementation of innovative
technologies, in particular artificial intelligence, to adapt tourist routes and
services to the individual needs of people with various types of disabilities.
It is additionally planned to study the potential of adaptive technologies to
create personalized tourist experiences, which will ensure a high level of
accessibility and comfort.
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Overall, this research opens up new directions for sustainable and inno-
vative development of regions in the field of tourism, improving the quali-
ty of life of people with disabilities and ensuring an inclusive approach to
planning tourist routes and services.
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Annex

Table 1. Input data of a visit by an expert e

Expert data Opinion of an expert
Region Type of Percentage of Criterion - Linguistic
SO s Criterion
disability disability group assessment
Kiq Ay
G,
Klm1 A1m1
KZl AZl
G, .
R m m
1TD 2TD K2m2 Azmz
Ki Au
G,
Klml Alm,
Table 2. Data on the degree of accessibility of the destination
Region e e, em
R, Eoan Esa12 Esaim
R, Zsa21 Zsa22 Esazm
Ry Zsan1 Esanz Esanm

Table 3. Excerpt of the database of expert reviews

West
Group Trnava region Pomeranian Hajdu-Bihar Liberec region
of Criteria (SK) - Voivodeship County (HU) - (CZ) -
criteria ey (PL) - (531 €34
€25
Strongly Neither agree nor .
K1 disagree Agree disagree Strongly disagree
Kiy N elthe.zr agree Agree N elthe.zr agree nor Strongly disagree
nor disagree disagree
b K Disagree Strongly agree Neither agree nor Strongly disagree
3 6 gy ag disagree &Y 6
Neither agree nor
I% . .
16 Disagree Strongly agree disagree Strongly disagree
Strongly . .
. Ky disagree Strongly agree Disagree Disagree
2 K Disagree Disagree

Strongly agree

Strongly disagree




Table 3. Continued

West
Group Trnava region Pomeranian Hajdu-Bihar Liberec region
of Criteria (SK) - Voivodeship County (HU) - (CZ) -
criteria ey (PL) - e31 €34
€25
K. Strongly Strongly agree Disagree Disagree
i disagree gy ag 8 8
Kiz1 i:;giz Strongly agree Disagree Disagree
Gip K22 i:;;i}el Strongly agree Disagree Disagree
Kiz3 i:;;i)e, Strongly agree Disagree Disagree
Indicators of the type of disability or mobility restriction
Disabled in a R . With Without
R Disabled in a .
m Myrp wheelchair, heelchai barrels/mallet, compensatory aid,
™ Chronic disease wheelchair Physical disability Chronic disease
Marp 5% 100% 80% 60%

Table 4. Excerpt of the results of the calculation by the fuzzy method My,

West Pomeranian

Hajda-Bihar County

Trnava region (SK) Voivodeship (PL) (HU) Liberec region (CZ)
o 0.4 0.9 0.6 0.2
o 06 1 04 04
03 0.5 0.6 0.4 04
[ 0.4 0.85 0.7 0.4
g5 0.63 0.96 0.6 04
O 0.68 0.7 0.23 04
o 05 1 03 04
0g 0.6 1 0.2 0.4
09 0.46 1 0.46 0.4
10 0.52 1 0.36 04
011 0.36 1 0.2 04
01 0.2 1 0.4 0.4
a 0.48 0.92 0.4 0.38
Harp 0.944 1 0.944 0.944
Harp 1 0 0 0.056
Mrp 0.972 0.5 0.499 0.527




Table 4. Continued

Trnava region (SK)

West Pomeranian
Voivodeship (PL)

Hajdua-Bihar County
(HU)

Liberec region (CZ)

Zea 0.49

lcy = "Average
level of comfort at
the destination for
a PwD (Disabled in
a wheelchair,
Chronic disease)
and its percentage
(5%)”

LC

0.96

lc; = “High level of
comfort at the
destination for a
PwD (Disabled in a
wheelchair) and its
percentage (100%)”

0.63

lc, = “Level of comfort
at the destination for a
PwD (With
barrels/mallet,
Physical
disability) and its
percentage (80%)
above average”

0.6

lc, = “Level of comfort
at the destination for a
PwD (Without
compensatory aid,
Chronic disease) and
its percentage (60%)
above average”

Table 5. Results of aggregated impressions of experts regarding accessibility by

region

Q Q, Q3

Q4 Qs Q6

Q; Qg Q

Ry 0.5 0.8

0.35
R, 08 08 075
Ry 02 022 035
R, 06 091 08
Rs 04 057 058
R¢ 083 08 075
R, 043 051 03
Rg 063 066 053

0.2 0.21 0.2

0.8 0.88 0.8

1 091 0.9

0.68 0.75 055

1 1 0.6
0.3 055  0.55
0.65 0.77 058

0.2 0.2 0.2

0.8 0.8 0.87
0.6 0.6 0.57
1 1 1
0.8 0.8 0.79

0.5 0.75 0.8
0.54
0.525

0.63 0.67

0.64 0.32 0.8

0.8 0.78 0.8

0.2 0.52 1
1 1 1
0.6 0.76 1
0.84 0.48 0.8
0.56 0.52 0.47
0.7 0.5 0.63

Table 6. Relative estimates of the proximity of the evaluated regions to the vector of
the potential tourist's goals

Z Z2 Z3 24 Zs Ze Z7 Zg Z9 Z10 Z11 212
Ry 0.5 0.5 0 0 0 0 1 0.67 0 0.6 0.87 0.5
R, 1 0.44 0.4 0.75 0.85 1 0.25 0.33 0.32 0.33 0.37 0.5
R3 0.33 0.92 0.9 0.59 0.69 0.58 0.25 0.33 0.54 0.67 0.4 0
R, 0.72 0.86 0.7 0.56 0.71 0.63 0.59 0.63 0.82 0.5 0.83 0.92
Rs 0.72 0.89 0.8 0.63 0.61 0.79 0.5 0.5 0.79 0.53 0.47 0.67




Table 6. Continued

Zy Z3 Z3 Zy Zs5 Zg Z7 Zg Z9 Z10 Z11 Z12
Re 0.67 0 0.2 1 0.9 0.67 0 0 0 0 0 0
R, 0.67 1 1 0.5 0.49 0.67 0.5 0.67 1 0.67 0.67 1
Rg 0 0.5 0.2 0.25 0.24 0.33 0.75 1 0.5 1 1 0.5
Figure 1. Structural diagram of the decision-making support system
KO)
-_—
s / Information
. mrp </’ s model K; 4 Database
e il \
EX A O |
. / A [ Data level
_/
// * Knowledge level
e »| Fuzzy method Knowledge
Mg, base
Vector of > Decision-making 3
the goals method Mp,
7'y
View solutions when planninga trip

Figure 2. The results of calculating the relative estimates of the proximity of 41
participants of the tourist movement to a potential tourist by the level of limitation
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Appendix

Data from the evaluation of 41 participants of the tourist traffic with disabilities.

https://docs.google.com/spreadsheets/d/THITn-GwQDQIFLFT AUbbhM3cPgIW3G-
a/edit?usp=share_link&ouid=111497346858387909549&rtpof=true&sd=true





