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Abstract: Qualitative and quantitative approaches to multicriteria evaluation and managerial deci-
sion-making often ignore the specifics of the role of the human factor. This article summarizes man-
agement methods that reflect not only numerical inputs but also data of a qualitative nature while 
considering their applicability in the tourism sector. Some of them can be assorted within the classes of 
Artificial intelligence. The focus is on the fuzzy approach at the theoretical and application level. The 
fuzzy approach is used to evaluate the degree of country travel and tourism competitiveness of selected 
European and Asian countries based on subjective rankings from the viewpoint of travelling persons. 
The results indicate that among countries under review, China is ranked as a highly competitive coun-
try in travel & tourism. Conditional competitive countries in terms of travel & tourism are the Czech 
Republic, Pakistan, Russia, and Turkey.
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1. INTRODUCTION

Standard mathematical approaches to multicriteria evaluation and managerial decision-mak-
ing largely based on it more or less ignore the specifics of the human factor role in evalua-

tion and decision-making activities in terms of individual knowledge, skills, and experience of 
decision-makers. These standard approaches make managers not deviate from the framework 
of a deep-rooted tradition of scientific thinking, which identifies understanding a phenomenon 
with the ability to quantitatively analyse it as if it was a mechanistic system subjected to alge-
braic, differential or integral equations. In this context, see e.g. the study by Jovanović (1999), 
who deals with investment decision-making in conditions of uncertainty and risk using stand-
ard methods like Break-even Analysis, Sensitivity Analysis, Theory of Games, and Decision 
Making Theory, or Schwartz & Zozaya-Gorostiza (2002), who perform investment evaluation 
in disruptive technologies in a conventional way. Many decision tools and techniques have been 
developed to assist managers in making decisions in conditions of uncertainty while reflecting 
human vague thinking (Coldrick et al., 2005). 

Decision tools are important instruments for setting business strategies. It is the quality of 
the individual corporate processes, which is key for maintaining stability and competitiveness. 
From the historical point of view, the first tool of quality management is Statistical quality con-
trol (SQC). However, much more commonly used methods, which could be referred to as clas-
sical ones, are Total quality management, Six Sigma, and a new concept of Six Sigma – Lean 
Six Sigma (LSS). These methods are widely used in industries, and an important question to 
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be asked is to what extent these methods are applicable in the tertiary sector, e.g. in tourism. 
With the development of computer technologies in the last decades, new management methods 
have appeared, which are based on cybernetic principles. Some of them can be assorted within 
the classes of Artificial intelligence (AI) that emerged as a computer science discipline in the 
1950s. Many powerful tools have been developed that are useful for automatically solving sys-
tems that would otherwise require human intelligence. These tools include knowledge systems, 
fuzzy logic (Omrane et al., 2016), inductive learning, neural networks, genetic algorithms, case 
reasoning, ambient intelligence, analytical hierarchy and network process (Sevinc et al., 2018). 
These techniques can be used independently or in a combination; they can handle both the nu-
merical inputs and linguistic variable. A critical point is to choose a structured approach that 
will help decision-makers formulate their judgments and attitudes. 

In the task of expert analysis or expert management of vaguely defined systems, the vague 
concepts are usually presented by means of linguistic variables and their linguistic values (i.e., 
terms). The word “linguistic” is used here in the meaning “communicated in natural language”. 
Desirable relationships between combinations of terms of input linguistic variables and terms 
of an output linguistic variable are given by a set of rules. The fuzzy set theory and the fuzzy 
approach based on it serves this purpose very well.

The fuzzy approach provides space for application of the human factor (individual knowledge, 
skills, and experience of an expert). It is based on the assumption that key elements of human 
thinking are not numbers, but intuitive concepts, the contents of which can be modelled by fuzzy 
sets, i.e. sets with blurred edges in which the transition from the membership to “non-membership” 
is gradual and vague rather than sudden and sharp (Zadeh, 1999). The ubiquity of fuzziness in the 
processes of human thinking suggests that most of the logic behind it is the logic with continuous 
fuzzy truths, fuzzy connections, and fuzzy derivation rules. The ability to manipulate intuitive 
concepts and subsequent summarization in the sense of summarizing data is one of the most im-
portant advantages of the human mind, which is also its fundamental characteristic (Zadeh, 1973).

The fuzzy method is used to evaluate the level of country travel & tourism competitiveness 
based on the subjective rankings of Travel & Tourism Policy and Enabling Conditions, Natural 
and Cultural Resources, and Safety and Security published by Calderwood & Soshkin (2019) 
among selected European and Asian countries from the perception of travelling persons.

The objective of the paper is to evaluate the degree of country travel & tourism competitiveness 
across European and Asian countries based on the subjective rankings from the viewpoint of 
travelling persons using fuzzy approach.

2. LITERATURE REVIEW

The following part briefly describes the basic methods and approaches to assess managerial 
tasks in situations of risk and uncertainty.

2.1. Method of Statistical quality control as an initial tool of quality management

The first analytical management tools were simple statistical methods – the so-called Statistical 
quality control (SQC). The modification of probability theory for the application in business en-
abled the introduction of the SQC system, the system that gave rise to a complex control system, 
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and which enabled the regulation of costs and risks, improvement of manufacturing knowledge, 
and specification of the definition of quality. As such, it led to the creation of a specialized posi-
tion, “Quality engineer” (Miranti, 2005). It may seem that currently, the SQC is less commonly 
used due to the existence of more sophisticated and modern measurement tools. According to 
Grigg & Walls (2007), SQC has its relevant application (in the present as well as in the future) 
in the whole industry, provided that the management has basic statistical thinking. Boyapati & 
Kantam (2012) agree with this statement, using also the analysis of graph of extreme values, 
which sorts the data into subsets, determines their extreme values, and further processes them 
using the probability theory. 

2.2. Total Quality Management

Another classic management tool is Total quality management (TQM). Ghassan et al. (2019) 
seek a correlation between introducing the control mechanism TQM and the performance of 
companies operating in the service sector. If TQM is focused on customers and innovations, 
it has the potential to improve the performance of the company. Zhang et al. (2020) note that 
the quantitative use of TQM in the service sector is not very frequent; however, there have 
been recently more and more papers dealing with this issue. Especially managers of companies 
operating in the service sector should pay attention to new possibilities of the application of 
TQM. Well-implemented TQM should influence the so-called Critical Success Factors (CSF). 
For example, in the hospitality sector, the first rank of soft aspects includes internal and external 
cooperation, which is followed by focus on customer and effective management (Jusoh et al., 
2018). Benavidez-Valesco et al. (2014) connect TQM and Corporate Social Responsibility (CSR) 
on the example of hotel services. The synthesis of TQM and CSR is a relevant philosophy of 
hotel management that generates a competitive advantage. The implementation results in the in-
creased accommodation capacity and higher performance of a hotel as a business. The growing 
productivity of a hotel is given by the satisfaction of its employees (Tari et al., 2017).

2.3. Contribution of Motorola – Six Sigma philosophy

The aforementioned tools of quality management are mainly of historical significance, although 
their application, as stated above, is still suitable. The most popular tools to improve the man-
agement processes currently include Six Sigma (6σ). Its popularity has grown in recent dec-
ades (Sony et al., 2020; Ninerola et al., 2019). For successful implementation of this method 
in a company, it is necessary to accept its individual tools and the entire methodology in the 
organization. Also, it should be stated that the issue of the individual acceptance of Six Sigma 
is addressed in a relatively low number of research papers (Mueller & Cross, 2020). Based on 
statistical evidence, it may be stated that the implementation of Six Sigma in a company in-
creases the innovation activities (incremental innovation) and the overall financial performance 
of the company (Oprime et al., 2019). Six Sigma can be used to optimize skill-based processes, 
such as software development in IT industries (John & Kadadevaramath, 2020). According to 
Cudney et al. (2020), Six Sigma can even be used to improve teaching methods at universities; 
however, this is conditioned by carrying out more complex studies. There is a relatively low 
number of papers dealing with the implementation of Six Sigma in the sector of public services. 
It is particularly the level of public transport that has a significant impact on the quality of the 
economic and social life in towns. A high level of urban public transport indicates the status of 
a modern town. The application of the Six Sigma method has the potential to contribute to the 
quality of public services (Kuvvetli & Firuzan, 2019). Chakraborty & Tan (2012) provide the 
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basis for the successful application of Six Sigma in the services sector. The sample of tested 
entities includes also a hotel; however, the study is limited by a lower number of elements in the 
statistical dataset and locality (Singapore). Despite this, it can be argued that Six Sigma has the 
potential to influence contextual factors (e.g. type of services). In 2001, the company Starwood 
Hotels and Resorts was thinking about accepting the Six Sigma philosophy within the planned 
improvement of the quality of its services. The expected outcome was increased performance 
of hotels (Pearlman & Chacko, 2012).

2.4.	 Modification	of	Six	Sigma	–	Lean	Six	Sigma

At the beginning of the new millennium, Lean Six Sigma (LSS) evolved from Six Sigma. The 
basic principle of LSS is interconnecting the lean thinking principles, i.e. the elimination of 
waste, and the Six Sigma method. It can be said that in practice, LSS is widely introduced to 
improve the processes of health care; it helps to improve the operation and quality, reduce costs, 
and medical errors. The condition of the successful implementation of LSS in health care is 
knowing the level of entity preparedness for the transformation before the very beginning of the 
change (Vaishnavi & Suresh, 2020). Gupta et al. (2020) bring an interesting view of the issue of 
leaving university early. With the help of university teachers and LSS experts, they try to find a 
solution to eliminate this negative phenomenon. There can also be mentioned the sector of public 
services, specifically the police as a security component of the state. It often has to face a limited 
budget. Adoption of LSS may lead to streamlining of the processes and better staff morale in 
reducing costs (Antony et al., 2019). Fletcher (2018) mentions the rich fund of LSS contributions 
aimed at the private sector. He tries to apply LSS in the public sector of services in the context 
of municipalities. There are also positive factors influencing the effective use of tax revenues, or-
ganizational structure, cost reduction. The adoption of LSS can thus theoretically have the poten-
tial to suppress the bureaucratic apparatus. Finally, a contribution from the service sector within 
the private sector. Gutierrez-Gutierrez et al. (2016) state that the combination of lean thinking 
and Six Sigma leads to continuous improvement of company performance. LSS as a synthesis of 
these methods brings significant advantages to companies operating in logistics services. 

2.5.	 Artificial	Neural	Networks

Currently used management tools include artificial neural networks (ANN). They are based on 
biological learning patterns. Their advantage is the ability to work with large data volumes with 
very accurate prediction results (Vrbka & Rowland, 2019; Vochozka et al., 2019). In practice, 
the results of NN are applicable in all areas of life; it is even possible to predict potential devel-
opment of share prices (Vochozka & Horák, 2019; Vochozka et al., 2020). As Kolkova (2020) 
adds, due to globalization and digitization, accurate prediction results of future variables are 
necessary to maintain competitiveness. The disadvantage of their application, especially of con-
volutional neural networks, are considerable hardware demands on the level of computational 
systems and longer data processing time (Jan & Verma, 2020). It can thus be stated that NN can 
be used without any limitation for the companies operating in the service sector. Chung & Jung 
(2020) predict that their proposed dynamic cluster model based on NN and in general, technol-
ogies obtaining knowledge from unstructured information will be the basic tools to support the 
development and management of health care. In the financial sector, specifically on the example 
of European open economy, the application of NN and logistic regression enables predicting 
bankruptcy as early as ten years before it really occurs (Altman et al., 2020). According to Hor-
ak et al. (2020), predicting bankruptcy is always a topical issue. For its predicting, they test the 
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NN tools and Support Vector Machine. NN can also help to identify the preferences of bank 
clients (Ilie et al., 2017). A suitable tool to determine the creditworthiness of loan applicants is 
FLANN (Functional Link Artificial Neural Network). FLANN is able to help mortgage lend-
ers to decide whether to approve or reject the application. Chang et al. (2020) compare 113 685 
reviews from the web TripAdvisor. Using the convolutional model of NN and its deep learn-
ing, they monitor the complementarity of various types of data. This outperforms simple data 
comparison. The resulting visualization of data can help hotel managers to determine business 
strategies based on analysing feedback provided by hotel service users. A similar methodology 
(using user reviews available on the web TripAdvisor) is used by Khorsand et al. (2020). Kim 
(2018) points to the importance of predicting future financial problems. It can be stated that pre-
dicting financial distress has a significant impact on deciding about loans and the profitability 
of hospitality companies and hotels. He thus proposes a cost-oriented set SVM-NN-DT as an 
effective method of early warning of financial distress of hotels and hospitality companies.

2.6. Fuzzy Approach in Management in Tourism

Tourism is an important part of the national economy. Based on a region of a country, tourism 
represents a significant source of income. An increase in tourism leads to the expansion of the 
supply of hotel services (Larrinaga & Vallejo, 2021). This statement can be applied globally as 
well; especially in the second half of the 20th century, tourism experienced a boom. Its influence 
is very significant in tourist destinations, which is reflected in the growth of the national GDP 
(Saridogan, 2020). The attempts to measure benefits of tourism qualitatively and quantitatively 
using classical methods do not make much sense as individual indicators (the input data) contain 
many inaccuracies caused by the “inner” uncertainty; therefore, the findings obtained contain 
uncertainty hidden in individual input indicators (Shaikh et al., 2017). This requires the applica-
tion of tools that are more suitable for solving problems related to uncertainty. 

The fuzzy approach has proved to be a suitable tool to measure tourism in terms of sustainable 
development as shown by Ziyadin et al. (2019). Here, a new approach to selecting strategic instal-
lations in the functioning of the tourism industry was applied, within which the economic-mathe-
matical fuzzy model of management of sustainable development of tourism industry was created.

A novel approach to forecasting the success of a newly launched service in tourism by using a 
hybrid intelligence system called the Adaptive Neuro Fuzzy Inference System was described by 
Atsalakis et al. (2018). The advantage of the method lies in utilizing the combination of both the 
learning ability of a neural network and the reasoning ability of fuzzy logic in order to provide 
an improved predictive ability compared to the application of a single method. The inputs for the 
model were obtained from the questionnaire data that contained the variables of the new service 
development in tourism. The prediction accuracy of the method was evaluated by calculating per-
formance measures. The results showed that this procedure captured uncertainty in the relation-
ships between the input and output data to forecast the success of launching a new tourism ser-
vice. Compared to other methodologies, the proposed approach proved to be the most successful. 

Tourism is an energy-intensive economic sector, which is expected to play a role in reducing 
CO2 emissions. However, low-carbon tourism in most destinations is neglected. As Zhang (2017) 
points out, this can be seen e.g. in the Chinese Chengguan District of Lhasa, which has ambitions 
to become a world tourism centre. The author created a study based on fuzzy Delphi-ANP ap-
proach to suggest which low-carbon tourism strategy should be adopted in Chengguan District 
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in forthcoming years. The priorities of low-carbon tourism strategies in Chengguan District 
were identified (economic development, environmental construction and social support). The 
study particularly stresses the importance of the indicators for tourism carbon intensity, low-
carbon transportation, education regarding a low-carbon environment, carbon sink density, and 
wastewater treatment in order to call for the immediate implementation and development of 
low-carbon tourism.  
 
Tian et al. (2020) developed an integrated decision-making method for the assessment of 
environmental impact of tourism attractions in China by using an improved method of analytic 
hierarchy process and the extended picture fuzzy preference method for enrichment evaluations, 
the so-called PROMETHEE II method. The picture fuzzy method numbers were used to 
describe decision-makers’ preference that capture uncertain and vague information in the 
decision-making process. Based on the results of the improved analytic hierarchy process 
method and the picture fuzzy method the assessment of candidate tourism attractions was 
performed. 
 
The research study by Correia et al. (2019) investigated whether certain conditions can 
encourage tourists to buy luxury products. The results were obtained from the fuzzy-set 
qualitative comparative analysis; they showed that a combination of four conditions can 
motivate tourists to buy products of luxury brands (fashion leadership, prestige sensitivity, 
emotional attachment, and social value). Based on the fuzzy-set procedure, the study 
demonstrated that tourists who score highly in all four conditions form nearly a perfect 
subcategory of luxury buyers. 
 
2.7. Brief Insight into Fuzzy Set Theory 
 
The fuzzy approach has its foundations in various versions of fuzzy logic, which were created 
by adapting the binary numerical characteristics of propositional operators to the interval 〈0,1〉. 
If |A|∈{0,1}, respectively |B|∈{0,1}, is the truth value of the statement A, respectively B, we 
can express the classical truth tables for negation, conjunction, disjunction and implication by 
numerical characteristics of these operators (Běhounek & Cintula, 2006):  
 

|¬A| =  1 – |A|,  
|A˄B| = min{|A|, |B|},  
|A˅B| = max{|A|, |B|}, 
|A→B| =  1 for |A| ≤ |B|, |A→B| =  1 – (|A|– |B|), otherwise. 

 
By moving from the set {0,1} to the interval 〈0,1〉 we obtain the semantic form of Lukasiewicz´s 
fuzzy propositional calculus, originally formulated by Lukasiewicz and Tarski (Peregrin & 
Svoboda, 2016), applied in the theory of fuzzy sets. The basic rule of fuzzy logic in the selection 
of the considered alternatives is that the highest truth-value statements are preferred. 
 
2.8. Formal Description of Fuzzy Approach to Solving Managerial Problems 
 
A detailed formal description of individual steps of the fuzzy approach within the process of 
linguistic decision analysis in the context of multi-criteria decision-making is presented in 
Herrera & Herrera-Viedma (2000). The basic procedure involves the following basic phases 
(see also Fig. 1):  
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Phase One: The fuzzification of the numerical vector 𝑥𝑥𝑥𝑥 =  (𝑥𝑥𝑥𝑥R1, … , 𝑥𝑥𝑥𝑥Rn) entering the relation in 
which the vector x selects inferential rules relevant to its multi-criteria evaluation. These are the 
rules ((AR1i, … , ARnj), BRk) ∈ 𝑃𝑃𝑃𝑃, in which terms´ formalizations AR1i, … , ARnj of the left side are all 
nonzero numbers µRA1i (𝑥𝑥𝑥𝑥R1), … , µRAnj (𝑥𝑥𝑥𝑥Rn). 
 
Phase Two: Moving from the symbolic notation ((AR1i, … , ARnj), BRk) of the selected inference 
rule to its logic notation dependent on x in the form of (min{µRA1i(𝑥𝑥𝑥𝑥R1), … , µRAnj(𝑥𝑥𝑥𝑥Rn)}, µRBk)  =  (µRUA⃰⃰ 

(𝑥𝑥𝑥𝑥), µRBk), we obtain a number µRUA⃰⃰ (𝑥𝑥𝑥𝑥) indicating not only the degree of truthfulness that the 
situation characterized by the vector x actually occurred, and therefore, the degree of eligibility 
of the rule selection ((AR1i, … , ARnj), BRk) to its solution, but also the degree of significance of the 
term Bk in the multi-criteria evaluation of the vector x. µRBk: 𝑌𝑌𝑌𝑌 →  〈0,1〉 is the standard 
membership function of the elements 𝑦𝑦𝑦𝑦∈𝑌𝑌𝑌𝑌 to the fuzzy set Bk. On the other hand, µBk⃰∶  𝑌𝑌𝑌𝑌 →
 〈0,1〉 in the form of µBk⃰(y)  =  min{µRUA⃰⃰ (𝑥𝑥𝑥𝑥), µRBk(𝑦𝑦𝑦𝑦)} limits from above the function µRBk by 
means of the number µRUA⃰⃰ (𝑥𝑥𝑥𝑥). 
 
Phase Three: The components of the relation K will then be the elements of the set 𝑃𝑃𝑃𝑃𝑥𝑥𝑥𝑥 =
 {BRk: ∃𝑦𝑦𝑦𝑦: (min{µRUA⃰⃰ (𝑥𝑥𝑥𝑥), µRBk(𝑦𝑦𝑦𝑦)} ˃ 0), ((AR1i, … , ARnj), BRk)∈𝑃𝑃𝑃𝑃,𝑦𝑦𝑦𝑦∈𝑌𝑌𝑌𝑌}. These are the partial 
intermediate results by which aggregation (logical sum) we obtain the formalized term 𝐵𝐵𝐵𝐵Ragg =
 {(𝑦𝑦𝑦𝑦, µRagg(𝑦𝑦𝑦𝑦)): 𝑦𝑦𝑦𝑦∈𝑌𝑌𝑌𝑌} on Y, for which it holds that (1) 
 

𝜇𝜇𝜇𝜇𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎(𝑦𝑦𝑦𝑦) = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑥𝑥𝑥𝑥 �𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚�𝜇𝜇𝜇𝜇𝐴𝐴𝐴𝐴∗(𝑥𝑥𝑥𝑥), 𝜇𝜇𝜇𝜇𝐵𝐵𝐵𝐵𝑘𝑘𝑘𝑘(𝑦𝑦𝑦𝑦)�: ��𝐴𝐴𝐴𝐴1i, … ,𝐴𝐴𝐴𝐴nj�,𝐵𝐵𝐵𝐵𝑘𝑘𝑘𝑘� ∈ 𝑃𝑃𝑃𝑃,𝑦𝑦𝑦𝑦 ∈ 𝑌𝑌𝑌𝑌� (1) 

 
Phase Four: The final phase of the fuzzy approach is defuzzification, whose last step provides 
the output value yx of the multicriteria model of an alternative evaluation (𝑚𝑚𝑚𝑚R1, … , 𝑚𝑚𝑚𝑚Rc) ∈ 𝐴𝐴𝐴𝐴 as the 
mean value of the elements 𝑦𝑦𝑦𝑦∈𝐵𝐵𝐵𝐵Ragg weighted by the values µRagg(𝑦𝑦𝑦𝑦) of their significance – see 
(2). Therefore: 

𝑦𝑦𝑦𝑦𝑥𝑥𝑥𝑥 = �𝑦𝑦𝑦𝑦 ∙ 𝜇𝜇𝜇𝜇𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎(𝑦𝑦𝑦𝑦)𝑑𝑑𝑑𝑑𝑦𝑦𝑦𝑦/�𝜇𝜇𝜇𝜇𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎(𝑦𝑦𝑦𝑦)𝑑𝑑𝑑𝑑𝑦𝑦𝑦𝑦 (2) 

where ∫ is the symbol of a definite integral over the universe Y – more in detail in Dubois & 
Prade (1996). 

 

Figure 1. Schematic representation of the problem solving process using fuzzy approach 
 
4. FUZZY APPROACH METHOD IN THE APPLICATION  
 
The fuzzy procedure of a country travel and tourism competitiveness evaluation is applied from 
the viewpoint of travelling persons. The fuzzy approach takes into account the uncertainty of 
the input data contained in the indexes of ratings (Manns, 2013) and the uncertainty and 
complexity of vague sociological and psychological factors (Munda et al., 1995) as well as 
expert knowledge and experience. 
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4.1. Problem Setting and Data  
 
Based on the values of Travel & Tourism Policy and Enabling Conditions (P), Natural and 
Cultural Resources (R) and Safety and Security (S) published by Calderwood & Soshkin, 
(2019), as we can see in Table 1, the selected European and Asian countries can be divided into 
three categories (countries with high travel & tourism competitiveness, countries with 
conditional travel & tourism competitiveness, and countries with low travel & tourism 
competitiveness) based on the perception of travelling persons obtained from Executive 
Opinion Survey as well as quantitative data obtained from other sources. The survey data was 
derived from the responses in the World Economic Forum’s Executive Opinion Survey and 
their values range from 1 (the worst) to 7 (the best). 
 
Table 1. Values of indexes of Travel & Tourism Policy and Enabling Conditions, Natural and 

Cultural Resources and Safety and Security of selected countries in 2019 

Country/Index 
Travel & Tourism Policy and 

Enabling Conditions (P)  
Score / Percentage rate 

Natural and Cultural 
Resources (R)  

Score / Percentage rate 

Safety and Security (S)  
Score / Percentage rate 

Czech Republic 4.7 / 67 % 2.5 / 36 % 6.1 / 87 % 
China 4.3 / 61 % 6.1 / 87 % 5.6 / 80 % 

Bosnia and 
Herzegovina 4.1 / 59 % 1.7 / 24 % 5.4 / 77 % 

Russia 4.4 / 60 % 3.8 / 54 % 5.1 / 73 % 
Turkey 4.5 / 64 % 3.3 / 47 % 3.4 / 49 % 

Note: Rating data are at the evaluation scale 1 - 7, where 1 represents the worst and 7 the best score; for the 
purpose of further processing, the absolute values are converted to a percentage scale at the interval 〈0, 100〉 %. 

Source: Calderwood & Soshkin, 2019; own processing.  
 
A direct relationship between the values of the indicators that are considered determinants of 
the level of travel and tourism competitiveness of a country has not been identified. However, 
vague practices exist for estimating the level of travel and tourism competitiveness from the 
values of these determinants. Moreover, an immediate relationship between the level of travel 
and tourism competitiveness and popularity of the country is also known. This enables us to 
solve the given task in two steps: The first step is the fuzzy estimation of travel and tourism 
competitiveness level; the second step utilizes the estimation results to allocate the country into 
a relevant category according to the destination popularity. 
 
4.2. Results  
 
The task consists of the separation of elements in a selected sample of countries into classes 
(travel and tourism competitiveness level) identified by a trio of classifiers (rating indices – P, 
R, S), which is a standard task of discriminant analysis; however, both the functions of the 
classifiers and the classes are defined vaguely, which makes it non-standard. Therefore, the task 
is solved using the established fuzzy approach described in Fig. 1, which captures the individual 
steps within the fuzzy process. This is preceded by a phase of a fuzzy model formulation, which 
is specified as follows: 
 
Three input linguistic variables Ai, i ∈ {P, R, S} with value domains 𝑈𝑈𝑈𝑈RAi =  〈0, 100〉 %, the 
identified basis values of which are the numbers presented in separate columns of Table 1. The 
task is to estimate the individual basic values of output linguistic variable B (travel and tourism 
competitiveness level) at the value domain 𝑈𝑈𝑈𝑈RB =  〈0, 100〉 %. For linguistic terms Aik of the 
variable Ai, and  Bj of the variable B and for their formalized terms (fuzzy sets) Aik, and  Bj it 
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holds true that j =  k, k ∈ {L, M, H}. For practical reasons, Ai, Aik, and Aik will be replaced by 
i, ki, and ki, B and Bj by O and kO. 
 
The files of fuzzy sets 𝑘𝑘𝑘𝑘i =  {{(𝑥𝑥𝑥𝑥, µRki(𝑥𝑥𝑥𝑥)): 𝑥𝑥𝑥𝑥∈𝑈𝑈𝑈𝑈Ri}, k ∈ {L, M, H}, I ∈ {P, R, S} or the file 𝑘𝑘𝑘𝑘O =
 {(𝑝𝑝𝑝𝑝, µRkO(𝑝𝑝𝑝𝑝)): 𝑝𝑝𝑝𝑝∈𝑈𝑈𝑈𝑈RO} can be an acceptable choice, in which the designation L means a low 
value of linguistic variable, M a mean value and H a high value, defined by trapezoidal 
functions of affiliation µki(x), respectively µkO(p) drawn in Fig. 2, Fig. 3, and Fig. 4.  
 

 
Figure 2. Courses of membership functions to terms of linguistic variable i, for i ∈{P, R, S}  

 

The following applies: 
(Li) 𝜇𝜇𝜇𝜇Li(𝑥𝑥𝑥𝑥) = 1 for 0 ≤ 𝑥𝑥𝑥𝑥 ≤ a𝑖𝑖𝑖𝑖 , 

𝜇𝜇𝜇𝜇Li(𝑥𝑥𝑥𝑥) = (bi − 𝑥𝑥𝑥𝑥)/(bi − ai) for ai ≤ 𝑥𝑥𝑥𝑥 ≤ bi, 

𝜇𝜇𝜇𝜇Li(𝑥𝑥𝑥𝑥) = 0 for 𝑥𝑥𝑥𝑥 ≥ bi 

(Mi) 𝜇𝜇𝜇𝜇Mi(𝑥𝑥𝑥𝑥) = (𝑥𝑥𝑥𝑥 − ai)/(bi − ai) for ai ≤ 𝑥𝑥𝑥𝑥 ≤ bi, 

𝜇𝜇𝜇𝜇Mi(𝑥𝑥𝑥𝑥) = 1 for bi ≤ 𝑥𝑥𝑥𝑥 ≤ ci, 

𝜇𝜇𝜇𝜇Mi(𝑥𝑥𝑥𝑥) = (di − 𝑥𝑥𝑥𝑥)/(di − ci) for ci ≤ 𝑥𝑥𝑥𝑥 ≤ di, 

𝜇𝜇𝜇𝜇Mi(𝑥𝑥𝑥𝑥) = 0 otherwise 

(Hi) 𝜇𝜇𝜇𝜇Hi(𝑥𝑥𝑥𝑥) = 0 for 0 ≤ 𝑥𝑥𝑥𝑥 ≤ ci, 

𝜇𝜇𝜇𝜇Hi(𝑥𝑥𝑥𝑥) = (𝑥𝑥𝑥𝑥 − ci)/(di − ci) for ci ≤ 𝑥𝑥𝑥𝑥 ≤ di, 

𝜇𝜇𝜇𝜇Hi(𝑥𝑥𝑥𝑥) = 1 for 𝑥𝑥𝑥𝑥 ≥ di 

 
Various distributions of parameters ai, bi, ci, di for various i on the horizontal axis in Fig. 2 
represent various distributions of basic values of these variables. Table 1 shows, for example, 
that when i = P, none of the basic values out of these five is under the limit of di, whereas when 
i = S, three values are under this limit. For this reason, aP < aS should apply. Especially for O, 
where the distribution is not known and where there is no reason for assuming asymmetry, aRO =
 20, bRO =  40, cRO =  60, dRO =  80 (see Fig. 4). By a suitable choice of these four parameters in 
the affiliation of functions to terms of input linguistic variables, it is possible to consider the 
structure of the measured or otherwise established data in the fuzzy model (this is a task for an 
expert). To describe the procedure of the task, all linguistic variables are assumed to have the 
same distribution and uniformity as the four mentioned parameters (as in the case of variable 
O). This distribution will vary according to the experts who decide on its parameters. 
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Another step is a compilation of a set of inference rules of type ((k1P, k2R, k3S), UkO) for 
assigning three output terms to total 27 various triplets α3 of input terms, where k1, 
k2, k3, k ∈ {L, M, H}. The basic strategy is the choice of kO with the k, which prevails in the 
triplet (k1P, k2R, k3S). If none of them prevails, MO is chosen. This selection strategy assigns 
MO to thirteen triplets of input terms in total; LO, respectively HO, is assigned in seven of the 
remaining cases – see Table 2 presenting the rules compiled based on this strategy, which is 
determined by the experts and decision makers.  
 

Table 2. Set of twenty-seven inference rules (in the form kR1kR2kR3→ k) 
LLL→L LLH→L  LMH→M MMM→M MLL→L MHM→M HHH→H HLH→H HHM→H 

LLM→L LHL→L LMM→M MLM→M MLH→M MHH→H HLL→L HMM→M HLM→M 

LML→L LHM→M LHH→H MML→M MMH→M MHL→M HHL→H HMH→H HML→M 

 
The specific procedure related to the fuzzy model solution shown in Fig. 1 will be explained on 
the example of construction of the p0 parameter for the Czech Republic. As stated above, for 
the purpose of the demonstrative calculations, the differences in the distribution of values of 
individual indices will be ignored (for each of them the parameters of affiliation functions to 
terms are given as a = 20 %, b = 40 %, c = 60 %, d = 80 %). A triplet of input basis values 
(𝑥𝑥𝑥𝑥R0, 𝑦𝑦𝑦𝑦R0, 𝑧𝑧𝑧𝑧R0), 𝑥𝑥𝑥𝑥R0∈𝑈𝑈𝑈𝑈RP, 𝑦𝑦𝑦𝑦R0∈𝑈𝑈𝑈𝑈RR, 𝑧𝑧𝑧𝑧R0∈𝑈𝑈𝑈𝑈RS is the triplet (67, 36, 87) – see Table 1. Their inclusion into 
the respective terms is seen in Fig. 3. 
 

  
Figure 3. Graphical representation of the term assignment to the input basic values  

for the Czech Republic 
 

From the calculations, it follows that (the formulas for calculation are specified below Fig. 2): 
- 67 ∈ 𝑆𝑆𝑆𝑆RMP with the truth |67 ∈ 𝑆𝑆𝑆𝑆RMP|  =  µRMP(67) = (80 − 67) / 20 =  0.65 
- 67 ∈ 𝑆𝑆𝑆𝑆RHP with the truth |67 ∈ 𝑆𝑆𝑆𝑆RHP|  =  µRHP(67) = (67 − 60) / 20 =  0.35 
- 36 ∈ 𝑆𝑆𝑆𝑆RLR with the truth |36 ∈ 𝑆𝑆𝑆𝑆RLR| =  µRLR(36)  =  (40 –  36) / 20 =  0.2 
- 36 ∈ 𝑆𝑆𝑆𝑆RMR with the truth |36 ∈ 𝑆𝑆𝑆𝑆RMR| =  µRMR(36)  =  (36 –  20) / 20 =  0.8 
- 87 ∈ 𝑆𝑆𝑆𝑆RHS with the truth |87 ∈ 𝑆𝑆𝑆𝑆RHS|  =  µRHP(87)  =  1. 

 
We have finished the fuzzification process in which the assigned input values (67, 36, 87) 
enabled selection of four triplets α3 in the symbolic notation αRMMH =  (UMP, MR, HS),αRMLH =
 (UMP, LR, HS),αRHMH =  (UHP, MR, HS) and αRHLH =  (UHP, LR, HS); in the logic notation 
αMMH* =  (67 ∈ 𝑆𝑆𝑆𝑆RMP) ˄ (36 ∈ 𝑆𝑆𝑆𝑆RMR) ˄ (87 ∈ 𝑆𝑆𝑆𝑆RHS), |αMMH*|  =  min{0.65, 0.8, 1}  =
 0.65; αMLH* =  (67 ∈ 𝑆𝑆𝑆𝑆RMP) ˄ (36 ∈ 𝑆𝑆𝑆𝑆RLR) ˄ (87 ∈ 𝑆𝑆𝑆𝑆RHS), |αMLH*|  =  min{0.65, 0.2, 1}  =
 0.2; αHMH* =  (67 ∈ 𝑆𝑆𝑆𝑆RHP) ˄ (36 ∈ 𝑆𝑆𝑆𝑆RMR) ˄ (87 ∈ 𝑆𝑆𝑆𝑆RHS), |αHMH*|  =  min{0.35, 0.8, 1}  =
 0.35; αHLH* =  (67 ∈ 𝑆𝑆𝑆𝑆RHP) ˄ (36 ∈ 𝑆𝑆𝑆𝑆RLR) ˄ (87 ∈ 𝑆𝑆𝑆𝑆RHS), |αHLH*|  =  min{0.35, 0.2, 1}  =  0.2.  
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By the application of inference rules on the symbolic notation of triplets, the outputs MO and 
HO were traced by the rules 
(𝑀𝑀𝑀𝑀𝑃𝑃𝑃𝑃,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝐻𝐻𝐻𝐻𝑆𝑆𝑆𝑆),𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀), ((𝑀𝑀𝑀𝑀𝑃𝑃𝑃𝑃, 𝐿𝐿𝐿𝐿𝑀𝑀𝑀𝑀,𝐻𝐻𝐻𝐻𝑆𝑆𝑆𝑆),𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀), ((𝐻𝐻𝐻𝐻𝑃𝑃𝑃𝑃,𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝐻𝐻𝐻𝐻𝑆𝑆𝑆𝑆),𝐻𝐻𝐻𝐻𝑀𝑀𝑀𝑀) and ((𝐻𝐻𝐻𝐻𝑃𝑃𝑃𝑃, 𝐿𝐿𝐿𝐿𝑀𝑀𝑀𝑀,𝐻𝐻𝐻𝐻𝑆𝑆𝑆𝑆),𝐻𝐻𝐻𝐻𝑀𝑀𝑀𝑀).  
 
Then  
 
AGG =
(αMMH*,𝑝𝑝𝑝𝑝 ∈ 𝑆𝑆𝑆𝑆RMO) ˅ (αMLH*,𝑝𝑝𝑝𝑝 ∈ 𝑆𝑆𝑆𝑆RMO) ˅ (αHMH*, 𝑝𝑝𝑝𝑝 ∈ 𝑆𝑆𝑆𝑆RHO) ˅ (αHLH*,𝑝𝑝𝑝𝑝 ∈ 𝑆𝑆𝑆𝑆RHO) and µRagg =
|AGG| =
max{min{|αMMH*|, µRMO(𝑝𝑝𝑝𝑝)}, min{|αRMLH*|, µRMO(𝑝𝑝𝑝𝑝)}, min{|αHMH*|, µRHO(𝑝𝑝𝑝𝑝)}, min{|αHLH*|, µRH

O(𝑝𝑝𝑝𝑝)}}  =  max{min{0.65, µRMO(𝑝𝑝𝑝𝑝)}, min{0.35, µRHO(𝑝𝑝𝑝𝑝)}, µRHO(𝑝𝑝𝑝𝑝)}}.  
 
Then µRAGG(𝑦𝑦𝑦𝑦)  =  0.65 for 33 ≤  𝑦𝑦𝑦𝑦 ˂ 67, µRAGG(𝑦𝑦𝑦𝑦)  =  0.35 for 67 ≤  𝑦𝑦𝑦𝑦 ˂ 100 (see the bold 
line in Fig. 4). 
 

 
Figure 4. Graph of function µagg 

 
By a numerical approximation of the values of integrals in the formula for the calculation of 
the horizontal coordinate of the position of the centre of gravity (the relation (2)), the value of 
p0 in (%) is assessed as  
 
𝑝𝑝𝑝𝑝0 = (0.65 ∙  (40 +  50 +  60)  +  0.35 ∙  (70 + 80 +  90 +  100)) / (3 ∙  0.65 +  4 ∙
 0.35)  =  65 %. 
 
The resulting values of p0 for all examined countries are summarized in Table 3. 
 

Table 3. Values of travel and tourism competitiveness index p0 (in %) 
Country Index p0 in % / Fuzzy score 

Czech Republic 65 / 4.6 
China 75 / 5.3 

Pakistan 50 / 3.5 
Russia 60 / 4.2 
Turkey 55 / 3.9 

 

Table 3. Values of travel and tourism competitiveness index p0 (in %)
Country Index p0 in % / Fuzzy score

Czech Republic 65 / 4.6
China 75 / 5.3

Pakistan 50 / 3.5
Russia 60 / 4.2
Turkey 55 / 3.9

4.3. Discussion 

As stated above, there is an indirectly proportional dependence of the popularity of the country 
from the view of travelling persons (PC) on the travel and tourism competitiveness level (TC). 
When TC grows, PC increases and vice versa. From this point of view, Fig. 2 and 3 can be inter-
preted in such a way that in the interval (0, a) all experts consider TC to be low and hence PC is 
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considered to be low as well. At the interval of (a, b), their views differ. The number of experts 
who consider TC to be low decreases in favour of those who consider TC to be medium, which 
increases if TC moves closer to the point b. The same can be said about PC. In terms of the 
interval (b, c), all experts agree that TC and PC are medium. In the course of (c, d), the experts 
gradually deviate from the view that TC and PC achieve medium values   and agree that TC and 
PC are high at the interval of (d, 1).

The boundaries between the classes of country popularity with respect to the opinion of most 
experts are as follows: the intersections of the curves μ of the formalized terms of the linguistic 
variable TC have coordinates p1 [30, 0.5] and p2 [70, 0.5], see e.g. Fig. 3. Because of their similar-
ity to the potential curves μ of the terms of the variable PC, they can be mutually approximated.

The boundaries distinguishing the countries with high travel & tourism competitiveness (high-
ly popular destinations), conditional travel & tourism competitiveness (conditionally popular 
destinations), and low travel & tourism competitiveness (low popular destinations) lie at the 
points p1 = 30 percent and p2 = 70 percent. The results summarised in Tab. 3 indicate that China 
is ranked as a country with high travel & tourism competitiveness and a very popular tourist 
destination. The countries with conditional travel & tourism competitiveness include the Czech 
Republic, Pakistan, Russia, and Turkey, which are considered to be medium popular with trav-
elling persons.

For the purposes of the demonstrative task, necessary calculations are, without loss of general-
ity, minimized by the assumption of identical courses of membership functions of formalized 
terms of input linguistic variables. Regardless of this simplification, the solved specific task is a 
useful illustration of the presented method in terms of tourism indices estimation. 

5. FUTURE RESEARCH DIRECTIONS

Further research should be focused on the application of fuzzy approach in the broader area of 
tourism management. In terms of artificial intelligence and artificial neural networks, further 
research should be aimed at increasing awareness of these tools and their use in the service 
sector, which includes tourism. 

6. CONCLUSION

The objective of the paper was to evaluate the level of travel & tourism competitiveness of select-
ed European and Asian countries based on the subjective ranking of travelling persons and fuzzy 
approach.

The theoretical part indicates that SQC used for management is one of the oldest tools; despite 
this, it is also currently suitable for the application in all types of companies, including those 
operating in the service sector. It should be added that the knowledge of statistical methods is 
important for management. In summary, SQC can be seen as a pioneering method that intro-
duced a modern methodology in quality assessment in the world of management. A more recent 
version – TQM – is used more frequently in management compared to its predecessor; the fund 
of the contributions to its application in the service sector is not very rich. However, there is a 
large number of studies territorially focused on hotel industry in the countries of southern Eu-
rope, especially Spain. 



FUZZY LOGIC AND ARTIFICIAL INTELLIGENCE TOOLS  
IN THE CONTEXT OF TOURISM ANALYSIS

613

Currently, one of the most widely used tools to measure quality is Six Sigma, which was created 
by the management of the multinational corporation Motorola. For company management, before 
the implementation of the Six Sigma method, it is very important to accept its tools; however, the 
individual acceptance of Six Sigma in companies has been little addressed in the studies. The ap-
plication of Six Sigma can be a turning point for companies within their life cycle. Six Sigma has 
the potential to increase innovations, improve financial performance and skills of employees. In 
the service sector, Six Sigma can be applied to improve the quality of teaching within the tertiary 
education, etc. In tourism, there can be mentioned e.g. the introduction of Six Sigma in the com-
pany Starwood Hotels and Resorts. In 2001, LSS appeared as a modification of Six Sigma. LSS 
has a similar application and methodology as the basic Six Sigma; the difference is in the concept 
of LSS, which is a synthesis with lean thinking. LSS improves processes in state administration, 
logistics, education, etc. 

Modern management tools are based on computer technology. They include also ANN, whose 
main advantage is their ability to work with large volume of data and relatively accurate pre-
dictions of various phenomena for the future. The main disadvantage is required hardware and 
longer data processing time. In the service sector, ANN can be used for predicting bankruptcy, 
determining the creditworthiness of entities applying for mortgage loans, optimization of pro-
cesses in health care, tourism, etc. From the portal TripAdvisor, user reviews are collected, which 
are integrated in the ANN system. The prediction results should lead to better business perfor-
mance. In the case of ANN, it should be taken into account that for most companies, it is a theoret-
ical tool. Their wide application in tourism is expected rather in the future, although a number of 
companies operating in this sector have already been using artificial neural networks. The authors 
believe that the development and application of artificial intelligence in tourism will contribute to 
improving the situation concerning the problems arising with the current coronavirus pandemic. 

The paper focused on the fuzzy approach method in more detail at the theoretical and application 
level. The fuzzy approach provides space for the application of the human factor. It is widely used 
for the evaluation of problems and issues concerning travel and tourism sector. It is based on the 
assumption that the key elements of human thinking are not numbers but intuitive concepts, the 
contents of which can be modelled by fuzzy sets. Herein, the fuzzy approach was used to assess 
the travel & tourism competitiveness level, the solution of which was obtained by a “detour” over 
vaguely defined procedures. The results indicate that within the countries under review, China is 
ranked as a country with high travel & tourism competitiveness and a very popular tourist destina-
tion. The countries with conditional travel & tourism competitiveness include the Czech Republic, 
Pakistan, Russia, and Turkey, which are considered to be medium popular with travelling persons. 
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