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A B S T R A C T  
 

 

The paper describes the usage of the fuzzy Mamdani analysis and Taguchi method to optimize the 

tourism satisfaction in Thailand. The fuzzy reasoning system is applied to pursue the relationships among 
the options of a tour company in order to be used in Taguchi experiments as the responses. In this 

research, tourism satisfaction is carried out using L18 Taguchi orthogonal arrays on parameters such as 

budget, duration, hotel-choices, travel-options inside the country and theme of the travel are analyzed 
for one output objective as satisfaction. The output of the fuzzy reasoning system is used as an input in 

the response of each experiment in Taguchi method. But, the improvement is used for the mean de-

fuzzified output in the same experiment. The result is estimated using Taguchi-Fuzzy application and if 
companies focus on the selected options, it is most probable to achieve more than 90 percent of 

satisfaction. 

doi: 10.5829/ije.2019.32.03c.08 
 

 
1. INTRODUCTION1 
 
Tourism industry is one of the most serious sources of 

income for Thai people that can get the other currencies 

and establish lots of job opportunities in the country. 

Hence, feeling a satisfaction in connection with the 

service jobs, for the individuals who pay to have a great 

time is an important issue. Thus, the countries which have 

the capacity to attract the people from whole over the 

world require a great strategy to preserve and improve the 

satisfaction of tourists. These days, the tourism industry 

in Thailand faces a challenge to the ASEAN countries. It 

seems mandatory that the government and tour 

companies must modify the standards of their service 

system. The leading countries in this industry have 

continues improvements in their systems; so that the 

quality measurements are of the important issues for their 

service systems. Management of these systems requires 

new methods for improving the productivity and 

lessening the costs. The service quality is straightly 

related to the satisfaction on facilities and service 

administered by organs and employees during the travel 
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time. Nice memories cause highly pleased tourists and an 

interest to revisit the country or recommend the special 

tourist destination to other people [1]. The competition in 

terms of tourism is an essential objective for ASEAN 

member nations, so improvement of hotel and tourism 

industry in Thailand in terms of standard quality has 

become the most important priority of them [2]. 

One of the most basic functions of tourism 

management is to avoid or reduce damages, and 

sometimes convert damages to opportunities into growth 

opportunities and sustainability. Development of the 

Thailand economy depends on the international tourism 

industry extremely from a long time ago till now and has 

the most important role for economy of the Thailand. For 

many years, this industry has the most portion of income 

to economy of the country. The statistical annual reports 

show that the contribution of income from international 

tourists has had a good percentage about 10% to the GDP 

of Thailand in 2012-2013. In 2013, Thailand received the 

international tourists up to 26.7 million of people that was 

exceeded the tourism forecasting by Thailand 

Government [3]. In addition, in 2016, Bangkok ranked 
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first after London and NewYork in Euro monitor 

International's list of "Top City Destinations" with 21 

million visitors. 

Optimal Management of tourism industry provides 

considerable benefits. Hence, trying to optimize the 

industry using the quality tools is attractive. 

Traditionally, tourism satisfactions are principally set 

relied on the trial and error experiment of the tour 

companies. This approach is neither affordable nor 

helpful for quality control. Hence, Taguchi method using 

the orthogonal arrays designs an efficient table that 

includes the best sets of experiment that must be 

practiced elsewhere [4]. Nevertheless, most recent usages 

of Taguchi methods support only on individual quality 

characteristic and, in contrast, paid little attention on 

Multiple Performance Characteristics (MPCs) [5-9]. 

However, the MPCs of a service are such applications 

which still have not been paid attention efficiently by 

researchers. Investigation on MPCs of a service would be 

interesting studies in sight of customers either job 

owners. To optimize an operation with MPCs, the goal is 

determining the best process parameters that will 

concurrently optimize all the quality characteristics of 

interest to the designer. Assigning a weighting amount 

for each response is a common method. Nevertheless, 

determining an exact weighting amount to each response 

in a real practice is a problematic task. In fact, the 

weighting procedure applies specialists' judgment 

together considering the past experiences, is a simple 

method to optimize MPCs that is not always accurate and 

reliable [10]. Consequently, results often contain some 

uncertainties in the decision-making process. Taguchi’s 

quality loss function is applied in some of the 

applications including the concurrent optimization of 

MPCs [11]; As practical engineering projects, the 

optimization technique for face milling stainless steel 

with MPCs [12], and the investigation of the multiple 

surface quality characteristics of weld pool geometry in 

the tungsten inert gas welding process [13] had been 

executed. Nevertheless, the common results from the 

mentioned-above practical researches have increased the 

uncertainties because of the complex computational 

process, and ambiguous correlations among the MPCs. It 

is also noticeable that different performance 

characteristics have different relative weightings for 

tuning MPCs. A method is offered to optimize MPCs 

problems applying the fuzzy multiple attribute decision-

making process [14]. This procedure can lessen the 

uncertainties but requires sort of complicated 

mathematical computations and is consequently not easy 

to implement by individuals who have no sufficient 

mathematical knowledge. Applying the fuzzy logic 

analysis, the MPCs can be easily dealt by setting up a 

reasoning procedure for each performance characteristic 

and change them into a single value of the multiple 

performance characteristic indices (MPCIs). The 

flexibility, hastiness and effectively response to the ever-

changing demands of customers are increased by the 

developed method. 

 

 

2. METHODOLOGY 

 

2. 1. Taguchi Methods      A statistical method was 

introduced by Taguchi and Konishi which is called 

Taguchi method [15]. At first it was outspreaded to 

amend the quality of goods manufactured, and then its 

usage was developed to many other majors in 

engineering, such as Biotechnology, etc [16]. 

Professional statisticians have confirmed Taguchi’s 

attempts chiefly in the advancements of statistical 

designs for studying variation. Selection of control 

factors in Taguchi method must be made in conditions 

that it nullifies the effect of noise factors. To achieve the 

desired results successfully, it requires a careful selection 

of process parameters, and should be paid in two items as 

called noise and control factors. Selection of control 

factors must be made such that it nullifies the effect of 

noise factors. The noise factors are the factors that there 

is not any control on them, and mostly are the undesirable 

factors of all. Taguchi Method identifies appropriate 

control factors to achieve the optimum results of the 

process. Setting the complex of experiments requires a 

table which is filled by Orthogonal Arrays (OA). Results 

of these experiments are applied to analyze the data and 

anticipate the quality of components produced [17]. 

Any system built by human is observed by Taguchi 

methods as an engineered system that contains four main 

parts as presented in Figure 1. By applying energy 

transformation, it is designed to convert input signal into 

specific function desired by customers using the laws of 

physics. Taguchi methods guarantee that the proper 

design of the control factors will be derived from the 

system very efficiently. Noise factors or unwanted effects 

that there is not support control on them can be 

minimized in Taguchi method. Generally, the ideal 

function of a system is made when all the applied input 

is converted into producing its own desired performance 

without any disturbing unwanted item [18]. 

The Taguchi robust design basically uses matrix 

experiments. The classical experimental design 

procedures are too complicated and are not easy to apply. 
 

 
Figure 1. Foundation of an engineering system 
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If the number of parameters increases, a lot of 

experiments have to be carried out. Taguchi method by 

using a special design of orthogonal arrays (OA) has 

solved this problem. It attempts to analyze the all leading 

existing parameters with only a small number of practical 

tests. There is a capability in the method that for more 

accuracy in the study, the repetition for each 

experimental design is available which lessen the 

variations in the quality characteristic or response. It is 

done by converting the repetition data to another value, 

which is a measure of variation present in the scattered 

response data. This conversion includes the yield of 

signal-to-noise (S/N) ratio (η) that unifies several 

repetitions into one performance measure which reflects 

the amount of variation present. The growth of the 

proportion of signal to noise ratio concurrently optimizes 

the response and weakens the effect of noise factors 

which are the uncontrollable items [19]. Afterwards, the 

noise factors can be easily identified. The Minitab 17 

software [20] is used to analyze the data. In tourism 

satisfaction, upper values of the satisfaction are desirable 

for maintaining high tourism quality, so that larger the 

better S/N ratio can be calculated as follows: 

S/N = -10*log(S(1/Y2)/n) (1) 

where Y is the value of the result derived from the 

executed experiment, and n is the number of observations 

in a test. Using analysis of means (ANOM) and analysis 

of variance (ANOVA), the signal to noise ratios are 

analyzed. The ANOM is applied to determine the optimal 

factor level combinations and to estimate the main effects 

of each factor, whereas the ANOVA is applied to 

estimate the error variance for the effects and variance of 

the prediction error. The calculations of ANOM and 

ANOVA are explained in detail in literature [21]. In this 

paper, the control factors are selected by experts the five 

known tour parameters (which are derived from most 

common tour booking websites) Budget ($), Duration 

(Nights), Hotel choices (Star), Travel Options inside the 

country ($) and Theme of the travel (people). The 

mention-above factors and their levels respectively are 

presented in Table 1. 

 
2. 1. 1. Selection of Orthogonal Array         The 

orthogonal arrays are used so that the interactions 

between control factors are almost evenly distributed to 

other columns of the orthogonal arrays and confounded 

to various main effects [22]. To select a proper 

orthogonal array for leading the experiments, the degrees 

of freedom are to be computed. Due to several processes 

that can be occurred, the most optimal table should be 

carried out [23].  
The most appropriate orthogonal array for this 

experimentation is L18 array which has been chosen from 

Mixed Level Design (61×34) as shown in Table 2.  

 
TABLE 1. Tour parameters and their levels 

No. Factors Level-1 Level-2 Level-3 Level-4 Level-5 Level-6 

A Budget Lowest Low Semi-low Middle High Highest 

B Duration Low Middle High - - - 

C Hotel choices Low Middle High - - - 

D Travel Options Bus+meal+sightseeing Car+meal+sightseeing Flight+meal+sightseeing - - - 

E Theme Honeymoon Friends Super group - - - 
 

 

TABLE 2. Orthogonal Array (OA) L18 

Experiment_No. Budget Duration Hotel_Choices Travel_Option Theme 

1 1 1 1 1 1 

2 1 2 2 2 2 

3 1 3 3 3 3 

4 2 1 1 2 2 

5 2 2 2 3 3 

6 2 3 3 1 1 

7 3 1 2 1 3 

8 3 2 3 2 1 

9 3 3 1 3 2 

10 4 1 3 3 2 

11 4 2 1 1 3 

12 4 3 2 2 1 

13 5 2 2 3 1 

14 5 2 3 1 2 

15 5 3 1 2 3 

16 6 1 3 2 3 

17 6 2 1 3 1 

18 6 3 2 1 2 
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One factor has six levels and four factors have three 

levels. Thus, according to the suggested arrays from the 

Taguchi tables, a total eighteen experiments are to be 

carried out that is the appropriate table for this study. 
 
2. 2. Fuzzy Method        Fuzzy reasoning is an approach 

which is based on "degrees of truth" rather than the usual 

"true or false". This is a mathematical view of inexact 

reasoning that models the reasoning process of human in 

linguistic terms which makes the numbers into a tangible 

phrase [24]. The method is very appropriate in defining 

the relationship between inputs and desired outputs of a 

system. The fuzzy logic has simplified so many 

complicated analyses of industrial and manufacturing 

systems that cannot be modeled exactly even under 

various conditions and assumptions. A system which 

follows the fuzzy logic is formed of a fuzzifier, an 

inference engine, a data base, a rule base, and defuzzifier. 

In this paper, the fuzzifier initially uses triangular 

membership functions to transform the crisp inputs into 

fuzzy sets, and then the inference engine performs a 

fuzzy reasoning on fuzzy rules to produce fuzzy values, 

finally the defuzzifier transforms the values into the crisp 

outputs. Mamdani fuzzy rules are derived from the 

experts of tourism industry who are familiar with the 

behavior of the passengers and their desires. Membership 

functions as a basic structure determine the fuzzy values 

and interpret the inputs and cover the mutual areas of 

ranges [25]. Nevertheless, already there has been no fixed 

procedure of selecting the best shape of the membership 

functions for the fuzzy sets of the control variables. Trial 

and error for choosing the best shape are chiefly 

practiced. According to Mamdani method, there are some 

rules that the data must be applied under their functions. 

The circumstance of a rule is described as follow: 

Ri : If  x1 is Ai1; x2 is Ai2; . . . ; and xs is Ais; 

then yi is Ci; i = 1, 2, . . . , M 
(2) 

where M is the last number of fuzzy rules, xj (j = 1, 2, . . 

. , s) are the input variables, yi are the output variables, 

and Aij and Ci are fuzzy sets modeled by membership 

functions µAij(xj) and µCj(yj), respectively. According to 

the Mamdani conception method of inference reasoning 

for a complex of differentiate rules, the finalized output 

for the M rules is stated as follows: 

µCj(yj)=max{min[µAi1(x1), µAi2(x2),…, µAis(xs)] 

i = 1, 2, . . . , M 
(3) 

In composing the rules, all possible intermediate 

relationships between inputs and outputs are taken into 

consideration. The rules are embedded in the Mamdani 

box illustrated in Figure 2. After assignment of the 

memberships the rule base is formed. In the rule base, 

totally 40 rules are defined between the five tour 

parameters and satisfaction. For instant, “If (Budget is 

highest) and (Duration is Low) and (Hotel choices is 

Low) and (Theme is not honeymoon) THEN Satisfaction 

is dissatisfied” Figure 3.  

Fuzzy Inference Motor Unit is an engine that provides 

a single response of all the processes. It is done by 

considering all of the relationships between the input and 

output embedded in the fuzzy rules. The engine gathers 

all of inferences and gives out an accurate output which 

is based on the mentioned-above rules. The Centroid 

method is applied to combine and defuzzify the results of 

the rules. The output unit declares the output value 

yielded at the end of the interaction [26]. In this study, 

the output is the range of satisfaction that comes out from 

the data and Mamdani rules.  

Figure presents the fuzzy reasoning process for the 

forty rules, with five input variables that uses the 

triangular shape membership functions. All of the ranges 

in the triangular shapes are carried out from the common 

amounts of Asian tours. For combining the fuzzy values 

into a single crisp output a defuzzification method is 

applied. The center of gravity as called Centroid method, 

one of the most favorite methods for defuzzifying fuzzy 

output functions, is used in the research. The formula to 

carry out the centroid of the combined outputs, ŷi, is 

obtained as follows: 

ŷi = 
∫ yi µCi(yi)dy 

∫ µCi(yi)dy 
 (4) 

The single crisp value which is produced by the above-

mentioned formula is the final output value yielded from 

the input variables. 

The 40 questionnaires are presented to Thailand tour 

professionals from Iran, India and Tajikistan who have at 

least 15 years of experience in this industry. The 

professionals are asked to choose one of the satisfaction 

levels randomly, and then select the levels of the service 

factors. 

 

 
Figure 2. Mamdani fuzzy operations 
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Figure 3. Mamdani conception methods with fuzzy controller operations 

 

 

The 40 rules are based on these 40 questionnaires to 

create the fuzzy inference engine. Afterward, according 

to the service factors, 50 random tourism cases are 

produced by "rand" function. Considering that the 

membership functions do not produce an exact result; 

therefore, the average of them is mandatory. The results 

average of the 50 tourism cases do play role as the inputs 

of Taguchi table.  

 

 

2. 3. Taguchi and Fuzzy Combination       The 

defuzzified outputs of the fuzzy system that are the 

average of multiple cases are used as the response for 

Taguchi system. 
In recent researches, the fuzzy and Taguchi method are 

used separately, that the data are been analyzed with and 

without fuzzy assumptions [19]. However, in the current 

paper, they are applied simultaneously, which the outputs 

of the fuzzy system are devoted as the inputs for the 

Taguchi system, respectively. 

 

 

 

 

 

3. RESULTS AND DISCUSSION 
 

Table 3 illustrates the entire experimental results through 

Taguchi dynamic S/N ratio. The values of the tour 

products are yielded to be between 21.06 and 38.96 db. It 

is noticeable that trials 6 and 10 have the highest 

dimensional accuracy over 38 db. The S/N ratio is 

applied to assess the effectiveness of a system. 

Furthermore, Taguchi method uses the system not only 

for diagnosis but also for anticipating/predicting system, 

which makes the best percentage of productivity of a 

complicated system [27]. 

This is attributed to the fact that Asian people desire to 

consider about 280-700 US dollars, Stay up to four 

Nights, choose a hotel that has got Four Stars and more, 

spend about 25-95 dollars for internal travel which 

includes meal and sightseeing, and the favorite theme is 

between 2 to 6 friends as illustrated in Fig. 4. If tour 

companies focus on these options and become more 

flexible, it is most probably to achieve more than 90 

percent of satisfaction.  

 

 

 

 

 
Figure 1. Taguchi analysis- S/N : Larger is better 
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TABLE 1. Taguchi orthogonal arrays and the SNRA 

"No." "Budget" "Duration" 
"Hotel 

choices" 

"Travel 

option" 
"Theme" 

Response (derived from Fuzzy_Logic 

Analysis) (average of MPCIs) 
SNRA1 

Taguchi 

prediction 

1 1 1 1 1 1 40.8 32.2132 90.6166 

2 1 2 2 2 2 59.3 35.4611  

3 1 3 3 3 3 72.4 37.1948  

4 2 1 1 2 2 50.0 33.9794  

5 2 2 2 3 3 60.1 35.5775  

6 2 3 3 1 1 88.8 38.9683  

7 3 1 2 1 3 41.5 32.3610  

8 3 2 3 2 1 75.0 37.5012  

9 3 3 1 3 2 40.8 32.2132  

10 4 1 3 3 2 88.4 38.9290  

11 4 2 1 1 3 25.6 28.1648  

12 4 3 2 2 1 45.5 33.1602  

13 5 1 2 3 1 75.0 37.5012  

14 5 2 3 1 2 50.0 33.9794  

15 5 3 1 2 3 30.1 29.5713  

16 6 1 3 2 3 50.0 33.9794  

17 6 2 1 3 1 11.3 21.0616  

18 6 3 2 1 2 50.0 33.9794  

 

 

4. CONCLUSION 
 

This study represents that the usage of a fuzzy logic 

analysis and Taguchi experiment altogether is a simple, 

efficient, and effective method in developing the subject 

of tourism industry. Optimization of MPCIs in the 

process was obtained through the proper system model 

simulation which met more requirements of desired 

demands by the customers. Taguchi’s Method can 

design optimal number of experiments that is adequate 

for selection of the best practice. Furthermore, Taguchi’s 

method also can be used for analyzing any other type of 

studies to optimize the processes without any additional 

useless expenses.  

According to the experimental results, the following 

conclusions can be drawn: 

This paper develops a new approach towards 

optimizing the subject of Tourism industry using the 

Average of MPCIs in Taguchi experiments in order to 

optimize the mentioned factors and choose the best level 

of each factor. The five options of common tourism 

industry booking menus are divided into separated levels 

for more accurate research in Mamdani fuzzy logic either 

Taguchi experiment designs. The fuzzy rules are 

formulated to base the decision making process and the 

Taguchi method is used to fine tune the rules for optimal 

performance. Taguchi derives the selected level of each 

option, then suggests how manage the options to gain the 

maximum satisfaction. The experimental design is 

performed and simulations are conducted to compare the 

Taguchi method to other earlier reported methods. 
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 چکیده

 

المللی های تاگوچی سطح رضایتمندی گردشگران بینبا استفاده از روش فازی ممدانی و همچنین طراحی آزمایش مقاله در این

است. فاکتورهای تعیین شده برای رزرواسیون تورهای سیاحتی توسط متخصصین از: از کشور تایلند مورد ارزیابی قرار گرفته

شده برای سفر، مدت اقامت، رتبه هتل)ستاره(، وسیله نقلیه در سفرهای بین شهری، نوع سفر)ماه بودجه درنظر گرفته 

است. با استفاده از روش فازی ممدانی، فاکتور اول به شش طبقه و سایر فاکتورها عسل،دوستانه،گروه انبوه( تشکیل شده

خصصین، قوانین کلی برای رضایتمندی گردشگران اند. با استفاده از نظر متهرکدام به سه طبقه فازی دسته بندی شده

درنظرگرفته شد. با تکیه بر این نظرات تخصصی، با درنظرگرفتن مدل سفر آن شخص و پارامترهای آن، که قطعا عددی 

های دیفازی شده تحلیل فازی ممدانی گردند. ازآنجائیکه خروجیها در یک سیستم فازی بررسی میغیرفازی است، نمونه

شود. )این متد تاکنون در هیچ یک ازتحقیقات گذشته در سطح گیری مییکسان نخواهند بود، از نتایج حاصل میانگینالزاما 

، بطوریکه فاکتور اول L18است، که این یک نوآوری در نوع خود است.( با استفاده از آرایه اورتوگنال الملل انجام نگرفتهبین

های های دیفازی شده در سلول پاسخ آزمایشباشند، حاصل میانگین خروجیمیسطحی دارای شش سطح و سایر فاکتورها سه

افزار، سطحی که از هر فاکتور بیشترین مقدار نسبت سیگنال به اختالل را گردد. پس از تحلیل توسط نرمتاگوچی وارد می

بیرون کشیده شده از فاکتورها، نتایجی  بینی تاگوچی، با قرار دادن سطوحشود. در پایان با استفاده از پیشداشت، شناسایی می

 درصد افزایش دهد.90آید که قادر است سطح رضایتمندی توریسم را تا بدست می
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