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Abstract 

Background

The world economy was broken by the COVID-19 pandemic, which 
affected the coffee industry. The COVID-19 pandemic’s financial 
effects might influence equity markets and personal lives. This 
includes financial commodities like coffee, which the pandemic is 
predicted to damage. Coffee tourism is an emerging new kind of 
tourism in Thailand, formed in response to growing demand from 
visitors with a particular affinity for the beverage. Coffee tourism may 
contribute considerably to the expansion of Thai tourism if given the 
proper guidance and assistance.

Methods

As part of a coffee tourism experience focusing on first-hand activities 
and information, tourists can visit neighbouring sites while on a coffee 
plantation. This research uses a stochastic neuro-fuzzy decision tree 
(SNF-DT) to analyse coffee tourism in Thailand. The research surveys 
400 international and Thai coffee tourists. According to studies, Thai 
visitors mostly visit coffee tourism locations in Thailand for enjoyment. 
They also wanted to visit coffee fields in order to get personal 
knowledge of coffee production and marketing. Based on the 
comments of Thai visitors, coffee tourism in northern Thailand looks 
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to be highly and effectively handled. Due to the same factor, 
responses from foreign coffee tourists indicated that many of their 
journeys to coffee tourism destinations were made entirely for 
enjoyment rather than the business. They also wanted to meet local 
tour guides and acquire handmade and locally produced things to 
understand more about coffee tourism.

Result

According to study results, coffee tourism management in northern 
Thailand looks well-received by international tourists. We also 
compare the suggested model to the traditional one to demonstrate 
its efficacy. The performance metrics are prediction rate, prediction 
error, and accuracy. The estimated results for our proposed technique 
are prediction rate (95%), prediction error (97%), and accuracy (94%).

Recommendations

Major global businesses such as tourism have been harmed by 
COVID-19’s unprecedented effects. This study attempts to determine 
the role of coffee tourism in livelihoods based on real-time data using 
a machine-learning approach. More research is needed to analyse the 
factors of the coffee tourism experience using different machine 
learning approaches.

Keywords 
Coffee Tourism, COVID-19 pandemic, Foreign Tourists, Tourist 
Behaviors, Stochastic Neuro-Fuzzy Decision Tree (SNF-DT).
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Editorial note
Editorial Note (4th August 2023): The authors of this article have confirmed to the F1000 Editorial Team that this article
should not be included in the IIARP gateway, and it will therefore be removed from the gateway and remain on the
F1000Research platform as an independent submission not associated with IIARP.

Introduction
One of Thailand’s key economic sectors, tourism, has consistently shown promise and development throughout time.
Many travelers are looking to satisfy their need for a coffee-related experience to satisfy their taste for coffee. Such visitor
demands provide Thailand the chance to distinguish its tourism goods via a distinctive brand identity, promote its cultures
and distinctive characteristics, and work towards achieving global recognition. This coffee tour should let travelers
appreciate coffee tourism. Tourists enjoy fresh coffee from its origin, the hilly environment, coffee farms, harvesting
operations, bean roasting, etc. Tourism might become a national brand. The COVID-19 epidemic has had a significant
impact on many areas of society. As the COVID-19 pandemic spreads, the financial impact on commodities markets and
human lives is expected to be enormous and far-reaching. As a result of the pandemic, cash crops like coffee are also
projected to be adversely impacted. Farmers in over 52 nations depend on coffee to make a living.1 The epidemic also
impacts cafes and restaurants that get their ingredients from these industries since they must adhere to rigorous food
and hygiene regulations. Cafes and restaurants must follow current standards and newly updated COVID-19 health
guidelines even though there have been no reported incidents of the virus being transmitted via food in any nation.2

Coffee shops, among other food and beverage businesses, feel the effects of the new regulations, which many economists
and analysts say are already severe. Major global businesses like tourism have been harmed by COVID-19’s unprec-
edented effects.3 Figure 1 depicts factors of tourism experience.

Tourism and hospitality enterprises benefit from the coffee industry in this region. Risk perception and health guidelines
have considerably impacted this, resulting in a decrease in coffee foot traffic and an increase in at-home usage.
Furthermore, this pandemic has already had a severe impact on the worldwide coffee supply chain, which has resulted
in a changing price for the beverage.4 There is little doubt that coffee is one of the most important cash crops in the
world today. A claim has been made that coffee tourism is part of the culinary travel industry. The variety of cultural
experiences, distinct coffee-related customs, and unique coffee processing facilities in each location fueled brand growth
for the destinations. For coffee tourists, collecting and amassing coffee-related experiences is one of themain attractions.5

Figure 1. Factors of tourism experience (source: author).
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The potential of coffee tourism for sustainable livelihood and conservation is examined by Sustainable livelihood in
southwest Ethiopia. The mixed-methods approach used the memorable tourism experiences scale (MTES) to analyze the
tourism experiences offered by coffees in Taiwan. More qualitative research on coffee tourism is required.6,31 A case
study method is used to examine how COVID-19 affects the coffee industry and the accompanying consequences for
tourism, as well as crisis management techniques for a post-pandemic environment in Taiwan. This study’s inability to
completely implement the framework of the strategic approach is one of its weaknesses.7,32 Qualitative research was not
efficient for the analysis of coffee tourism. An empirical study to determine the role of coffee tourism in livelihood based
on real-time data is not performed To overcome this issue, we introduce a machine learning approach in this study.

Related works
As stated in Ref. 6, the coffee tourism system in every tourist spot must be continually improved, and measures should be
taken to share information about coffee growth in Northern Thailand’s tourism sustainability.

A comprehensive literature review technique for tea and coffee tourism has been proposed in Ref. 7, which aims to
identify the opportunities and obstacles of expanding such niche products for locations. This study’smethodology uses an
English-language literature review of the previous studies on tea and coffee tourism. 31 papers on coffee tourism and
33 papers regarding tea tourism have been examined in total. Many studies have used a single stakeholder’s viewpoint or
the viewpoint of a particular coffee/tea tourism setting, like buyers’ or manufacturers’, according to the findings of this
investigation. Because this research is the first of its kind, it showed potential suggestions for future work in coffee and tea
tourism.

Community-based tourism (CBT) is a growing topic of study, and this study8 provides a framework to understand it
grounded in experimentally verified socio-psychological, phenomenological, and cybernetic conceptions of behaviour.
One of the most significant outcomes of this study is a more structured knowledge of how socio-psychological variables
might support and enable a successful CBT business plan to achieve a desirable “sustainable” goal.

Analyzing the characteristics that influence the success of coffee agro-tourism and also designing an efficient mechanism
for community-based coffee tourism have been the goals of this research. A total of 142 people from the Sukaratu District
agrotourism sector took part in.9 Coffee agrotourism throughout the Galunggung tourism region was shown to be
sustained by the coffee plantation, according to the study findings.

Using data gleaned from a number of researches on the Thai coffee market, the author of this thesis makes recommen-
dations for resolving the market’s current issues. According to the limited capacities of Ref. 10, inadequate data and
analysis of information, the facts and actual conditions could vary, therefore more complete inquiries and analyses of the
current system and problems are required, so as to put upmore effective remedies and proposals. Although the Thai coffee
industry has been thoroughly examined, there are still issues that need to be addressed and solutions found.

Depending upon that extended TPB framework,11 intends to analyze the factors. Using the TPB structure as a starting
point, this study provides a preliminary examination of the elements that may influence Thai consumers’ purchase
intentions for certified coffee. According to the findings, self-identification has a greater impact on attitude than social
identity, whereas attitude has the greatest impact on consumer buying behavior consequently.

Based on an extensive theoretical map that shows how an unfunded community member had carefully conceptualized
a system of actions and endeavors that have a significant impact on society,12 provides a practical example of a
conceptually rich strategic vision. It is feasible and increased by attempts to expand common values with buyers,
communities, and other relevant parties to establish sustainability-oriented principles.

Another study13 found that customer happiness and consumer loyalty are directly linked to service quality. As a result,
cost fairness and consumer loyalty are influenced positively by a company’s ability to keep its customers happy.
Additionally, client satisfaction serves as a bridge connecting service quality and satisfaction. In addition, perceived price
can operate as a bridge between a company’s ability to satisfy its customers and maintain their loyalty.

This research investigated the drivers of Norwegian senior tourists’ desire to visit Thailand and analyzed a path model of
variables impacting their travel intention throughout the pre-visit stage. This research hypothesized that travel motiva-
tion, expectation, limitations, destination image, and electronics word of mouth (e-WOM) impact travel intention.
The authors also explored participants’ travel sentiment about Thailand. Analysis was done on 500 samples of eligible
responders. Using Linear structural relations (Lisrel) software version of 8.72, a structural equationmodel (SEM)was run
to evaluate the factors affecting tourism. The impact investigation was carried out to see how study constructs had an
impact. About 62% of such variation in tourist perception is explained by its predictors.14
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It was the focus of Ref. 15 to examine the possibility and possibilities of coffee tourism throughout Ethiopia’s south-
western highlands. Here, we are looking at how sustainable tourism may support rural community livelihoods while also
helping to protect biodiversity, particularly the wild Arabica coffee gene pool, in the montane forest. According to the
findings, a fragile livelihood strategy and a desire to increase revenue are to blame for expanding agriculture into the forest
and destroying the unique wild Arabic coffee gene pool.

There has been a rise in the popularity of agritourism in developing nations, which has been under-researched by
academics.16 They are helping to further the conversation about the advantages and disadvantages of coffee tourism by
conducting a study based on the perspectives of many stakeholders. According to the study, farmers reap the most
benefits from empowering and cooperating, diversifying their businesses, and creating a more sustainable environment.

As per Ref. 17, coffee tourism can potentially improve locals’ lives. This is because there are new markets to enter and
benefits to be gained. Local communities and the environment benefit from strong government responsibilities, which
should be supported.

In Ref. 18, there are several ways inwhich innovation and coffee tourism are linked inGangneung, SouthKorea. By using
coffee tourism as an example of food and drink tourism, they examined how previous research has linked meals and
drinks with creativity before explaining how tiny towns like Gangneung, South Korea, have been able to thrive as coffee
tourism operators and how their use of creative thinking contributed to its success.

The Cibulao landscape/environment was positively impacted by tourism.19 Strong interactions between actors,
resources, and the local governing structure led to sound economic and social performance. Enhancing the economy’s
performance is essential as a vital component of sustainable use of resources led by good local governance regulation.
According to the study’s findings, Community-based Coffee Tourism (CbCT) is further expanded as a green tourism
technique to help the community’s economy while also improving the environment.

The purpose of Ref. 20 is to discover the most important factors influencing people’s desire to visit sustainable coffee
and tea estates. In addition, the study examined the impact of travelers’ fears about contracting COVID-19 on their
decision to visit coffee and tea tourism hotspots. A survey of 302 eco-conscious Gen Y and Z customers was conducted
online using the idea of planned behavior as a foundation. The data were analyzed using partial least squares. Buyers’
opinions regarding healthy coffee/tea tourism have been influenced by their desire to learn and unwind. Regarding
sustainable coffee/tea tourism, risk andmindset are themost critical factors. Consumers’ attitudes and behaviors toward a
rapidly expanding type of tourism, which is taking place amid historically unprecedented conditions, can now be better
captured by the planned behavior by including contemporary factors.

The article21 outlines Lviv’s coffee tourism growth. The intended market for coffee tourism has been determined.
Characteristics and significant components of the resource basis for the growth and operation of coffee tourism in Lviv are
described. The local community and business work together to build and promote specialized infrastructure, tourist
products (goods and services), and coffee tourism events. It aims to establish a pleasant urban hospitality area for both
locals and visitors and to exhibit Lviv’s 200-year-old multiethnic coffee culture and distinctive coffee urban environment
to the globe. The article includes representative statistics, data on Lviv’s coffee tourist offer, and survey findings.22

In the coffee business, a reengineering effort focuses on identifying current innovations, evaluating existing ones, and
designing new ones that can be implemented in a contingency. Changes, production, and transmission of information
necessitate structural reengineering. Depending on the number of assets and external pressures, this is a new bet that
will be made to rebuild the coffee industry; new jobs must be created, including those of a leader, communicator, and
strategist.

Researchers23 are interested in learning more about how to boost revenue during the COVID-19outbreak era in Central
Aceh Regency by increasing coffee tourism, both physically and non-physically, using existing local expertise as a basis.
Researchers used a descriptive qualitative research design and gathered responses from 40 coffee shop owners and
patrons in various tourist destinations. Results revealed that the Central Aceh Regency offers significant potential for
developing a coffee tourismmodel depending on the local tradition and enhancing income, particularly for those actively
engaged in ecotourism development and coffee growers.

The issues faced by Thailand’s coffee farmers are explored in this research. Weather variations, rising labor rates, and an
increase in plant diseases have contributed to several failures throughout the decades. Comparing the state of coffee
tourist experiences from both the supply and demand sides was the primary focus of the investigation. Tourists are
unpredictable. A data-organized questionnaire was circulated to the respondents to analyze coffee farmers’ concerns.
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Our proposedmodel can handle numerical and category data andmanage issues with several outputs. Asmore data points
are utilized for training the tree, it increases the forecast data exponentially while comparing with other existing
approaches.

Contributions of this paper
• Stop word removal, stemming, dimensionality reduction, Min-max normalization is used for data

preprocessing.

• Linear Discriminant Analysis (LDA) is used for feature extraction.

• Bat Algorithm is used for feature selection.

• Stochastic Neuro Fuzzy Decision Tree (SNF-DT) is used for data analysis.

Methods
The COVID-19 pandemic might affect the coffee tourism industry in four ways: first, changes in demand in
major markets, including short- and long-term changes. Secondly, effects on coffee production in the area from rules
influencing production capacity, inputs, or employees. Third, hurdles and conflicts in getting coffee beans to markets
such as transportation costs, border checks, etc. Furthermore, the crisis brought structural changes in the global economy,
such as diminished accessibility to commerce. A quantitative method to investigate the effects of coffee tourism from
COVID-19 was used for this research. The COVID-19 pandemic’s unexpected effect has influenced everyone in the
coffee industry. Risks such as these are linked to adverse effects on health and mobility, and the economy. Hence
deep analysis of the factors affecting coffee tourism after a pandemic is required. Figure 2 depicts the overall
methodology used.

A survey was created to learn more about the behaviours, demands, and satisfaction levels of visitors who engaged in
coffee tourism in the northern region of Thailand. Validity testing was performed on the completed questionnaires.
Following that, the data were encoded and examined using statistical analysis tools. Stop word removal, stemming,
dimensionality reduction, and min-max normalization are used for data preprocessing. Linear Discriminant Analysis
(LDA) is used for feature extraction. Bat Algorithm is used for feature selection. Stochastic Neuro Fuzzy Decision Tree
(SNF-DT) is used for data analysis.

Ethics and consent
TheHuman Ethics Committee of the Faculty of Tourism and FacultyManagement Program at University of Phayao gave
its permission to the research protocol approval number 2.2/005/64; the date of approval was 03/23/2021. All participants

Figure 2. Schematic representation of the proposed methodology.
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also gave oral consent to take part in the study and received information about the research’s methodology. This method
of consent was approved by the Human Ethics Committee.

Data collection and processing
6,485,791 Thai and international visitors who traveled to the provinces of Chiang Rai, Chiang Mai, Mae Hong Son,
and Lampang made up the population for this research. This study’s sample, chosen using accidental sampling and
convenience sampling, consists of Thai and foreign tourists on vacation in coffee tourism destinations in Chiang Rai,
ChiangMai,MaeHong Son, and Lampang provinceswho participated in coffee-related tourism activities such as a coffee
farm tour or coffee tasting. Yamane (1973) method was used to compute the sample size at a 95% confidence level with a
0.05 margin of error.24,34

Although the result was 398, it was rounded up to 400 to make data gathering easier. Additionally, a percentage is used to
show how many responders there were in each region.

Visitors from Thailand were asked to complete the questionnaire in Thai, while tourists from English-speaking countries
were asked to complete the questionnaire in English. The questionnaire was in pen and paper format, and participants
were required to complete the entire questionnaire. 2 participants who were approached to take part declined. Table 1
shows the sample groups in each province.

Research instruments
A survey was created to learn more about the behaviors, demands, and satisfaction levels of visitors who engaged in
coffee tourism in the northern region of Thailand. The survey consists of closed-ended questions about the respondent’s
general characteristics, behaviors, needs, and satisfaction with the destination(s) for coffee tourism in terms of those
destinations’ potential, with an emphasis on the attractions, accessibility, amenities, available package, activities, and
ancillary services as defined byBuhalis’ 6As framework. The questionnaire includedmany options (based on a five-point
rating scale) to help respondents adequately answer the closed-ended questions.

Instrument validation
The questionnaire’s validity was thoroughly investigated. Each item on the questionnaire, primarily assessed by the
thesis adviser, was scrutinized by five specialists. An Index of ItemObjective Congruence (IOC) was used tomeasure the
content validity and language suitability. The acceptable range is shown by the IOC score of 0.926.32 After this, the
questionnaire was modified following the expert’s advice, before being delivered to the thesis advisor for final revisions.
A total of 30 visitors whowere not part of the sample group completed the finished questionnaire as a test run. Cronbach’s
alpha coefficient was used to gauge reliability. The output was 0.948, regarded as statistically valid.33

Procedures
The researcher used the validated questionnaire to gather data from the samples between April 2021 and March 2022.
The information was gathered in several districts throughout the provinces of Chiang Rai, Chiang Mai, Mae Hong Son,
and Lampang, where coffee tourism activities were planned.

Table 1. Sample group in each province.25

Province Percentage Number of
tourists
(person)

Sample
group
(persons)

Number of
respondents
(persons)

Sample
group
(persons)

Chiang Mai 38 Thai 2,463,541 151.93 152

25 Foreigner 1,624,755 100.20 100

Lampang 5 Thai 312,534 19.28 19

1 Foreigner 33,189 2.05 2

Chiang Rai 24 Thai 1,553,663 95.82 96

5 Foreigner 316,025 19.49 19

MaeHongSon 2 Thai 131,218 8.09 8

1 Foreigner 50,866 3 3.14
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Data analysis
Validity testing was performed on the completed questionnaires. Following that, the data were encoded and examined
using statistical analysis tools. This study examined the conceptual model by collecting data from a self-administered
questionnaire. For the purpose of certifying its validity, the survey instrument was pretested. For the purpose of ensuring
content validity, 50 national and international tourists were tested. All constructs were tested for reliability (Cronbach’s
alpha greater than 0.70) and survey questions were confirmed to be reliable.

Data preprocessing
Data preprocessing using stop word removal, stemming, term weighting, and dimension reduction are included.

Stop word removal
In many natural language processing (NLP) applications, stop word removal is among the most often utilized test sets.
The idea is to effectively remove words that exist in all of the corpus papers. Stop words frequently include adjectives and
pronouns. Stop words are often eliminated from the text before deep learning and machine learning models are trained
since stop words are plentiful and provide little to no unique information for classification or clustering. Stop words may
help to reduce the size of your index and query by removing them.When it comes to performance, fewerwords are usually
better. Because stop words are semantically empty, they have no effect on relevance rankings for data preprocessing.

Stemming
Stemming is the process of reducing words to their base by eliminating extraneous letters, generally a suffix, and
removing inflection. Porter and Snowball are two examples of stemming models. The findings may be used to find
similarities and links in massive datasets. Stemming is the text preparation normalization job associated with eliminating
word affixes in natural language processing (prefixes and suffixes).

Min-max normalization
The dataset was preprocessed using min-max normalization to give each element in the dataset a value ranging between
0 and 1. It establishes a data range by subtracting the greatest and lowest values of each data element. The least value of
data elements is subtracted from actual data element in the numerator. The normalization of data is carried out according
to equation 1.

x0i ¼
xi�xmin

xmax�xmin
(1)

Where xi refers to the original value of input dataset, x0i denotes the normalized value, xmax and xmin are the maximum and
minimum values of the data respectively.

Feature extraction using linear discriminant analysis (LDA)
Data transformation into numerical features that may be handled while keeping the information in the original data set is
known as feature extraction. LDA is one of the most widely used linear algorithms for feature extraction. LDA is used to
discover a lower-dimensional space that best distinguishes between data from various categories. The optimal way to
separate data from various categories is to utilise a lower-dimensional space found by LDA. With this approach, the
Fisher criteria, which is an objective function, is aimed towards maximisation:

Y Eð Þ¼ EPDvE
�� ��
EPDeE
�� �� (2)

Where Dv ¼
Xf
x¼1

tx nx�nð Þ nx�nð ÞP, (3)

De ¼
Xf
x¼1

tx
W

x∈fx
i�nxð Þ i�nxð ÞP

n o
(4)

Each of these is referred to as an Inter- or Intraclass scattering matrix. tx ¼mx=m is the prior probability of a sample
belonging to class x with expectation W. E may be derived by solving E∗= argmaxY(E) in solution space
Ls�t ¼ E∈Qs�t,EPE¼X

� �
. This may be achieved by solving the following extended eigenvalues reduction issue:

Dve¼ λDee. The label information on the samples is used directly by LDA to solve classification issues.

Page 9 of 26

F1000Research 2023, 11:1269 Last updated: 07 NOV 2023



Feature selection using Bat algorithm
A predictive model’s input parameters are narrowed down via a process known as ‘feature selection’. BAT algorithm is
used for feature selection.

Bat algorithm26

Researchers from different professions have been fascinated by bats, which have a unique capacity to echolocate. Bats,
especially microbats, use echolocation as a kind of sonar: they generate a loud and brief pulse of sound, wait for it to strike
an object, and thenwait for the echo to return to their ears. In this way, bats may calculate their distance from an item. As a
result of this remarkable orienting system, bats can distinguish a barrier from a prey item even in full darkness, enabling
them to hunt. Bat algorithm is a novel meta-heuristic optimization approach based on observations of bat behaviour. To
mimic the behaviour of a colony of bats that uses echolocation to locate prey and food, such a system has been devised.
The following are some of the idealized principles used to represent this method:

• When it comes to detecting distance and distinguishing between food and background obstacles, bats employ
echolocation in a remarkable manner.

• Searching for prey, an unidentified bat t j flew in random direction y j and velocity w j while emitting sound at
the fixed frequency f min and loudness of B0 at the given location and time. They may automatically alter the
wavelength λ (or frequency) of their produced pulses and the rate of pulse emission s∈ 0,1½ �, based on the
closeness of their target.

While it’s possible for the loudness to fluctuate in numerous ways, imagine that the loudness ranges from a big (positive)
B0 to a minimal constant Bmin.

The Bat algorithm is shown in Algorithm 1

The movement of the digital bats is determined by updating their velocity and location using equations 5, 6, 7 for every
time step u, where U is the maximum number of iterations are as follows:

f j ¼ f minþ f min� f maxð Þβ (5)

wk
j uð Þ¼wk

j u�1ð Þþ yk � ykj u�1ð Þ
h i

f j (6)

ykj uð Þ¼ ykj u�1ð Þþwk
j uð Þ (7)

Algorithm 1: Bat algorithm.

Objective purpose f yð Þ,y ¼ y1,…,yn
� �

Set up the bat population y jand w j , j=1,2,…,n.

Define the frequency of pulses f jat y j ,∀j¼ 1,2, ::,n:

Set up the pulse rates s j and the volume of sound B j, j¼ 1,2,…,n:

While t< T

For every bat t j , do

Make novel solution by equation 5, 6, 7

If rand> si, then

Choose one of the finest options from the list.

Create a local solution based on the best one.

If rand<B jand f y j

� �
< f ŷð Þ, then

Explore novel solutions.

Higher si and lower B j

Sort the bats & discover recent finest ŷ.
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Beta βð Þ - random integer created between the values zero and one.

ykj uð Þ - at time step u, the value of the decision parameter k for the bat.

The results of f j are utilised to regulate the speed and range of bat movement. The variable ŷk reflects the current global
best position (solution) for the decision variable k, which is produced by comparing all of the n bats’ answers.

To increase the range of feasible options, random walks are introduced. Firstly, one of the finest solutions currently
available is chosen, and every bat that accepts the criteria has its own solution generated using a random walk.

ynew ¼ yoldþ∈B uð Þ (8)

B uð Þ - overall bat noise level at t.

For each iteration of the algorithm, the loudness B j and the emission pulse rate s j are updated, as follows

Every iteration of the process, the B j and s j parameters are modified, as follows:

B j uþ1ð Þ¼ αB j uð Þ (9)

s j uþ1ð Þ¼ s j 0ð Þ 1� exp �γuð Þ½ � (10)

and α and γ -ad-hoc constants.

s j 0ð Þ and B j 0ð Þ are frequently chosen randomly.

In general, B j 0ð Þ∈ 1,2½ � and s j 0ð Þ∈ 0,1½ �.

Data analysis using stochastic neuro fuzzy decision tree (SNF-DT)
Data analysis is the act of analysing, cleaning, manipulating, and modeling data in order to identify usable data, inform
conclusion, and assist decision-making. Stochastic neuro fuzzy decision tree (SNF-DT) is used for data analysis.

Stochastic neuro fuzzy decision tree (SNF-DT)
Incorporating neural learning algorithms into the feedback loop of hierarchical FDT (fuzzy decision tree) is the goal of
stochastic neuro fuzzy decision tree (SNF-DT). The approach considerably increases the accuracy of classification of
FDTwithout sacrificing the comprehensibility of the FDT structure. By returning from each leaf node to the root node, the
back propagation learning method may be directly applied to the SNF-DT structure. A single forward cycle of FDT
induction precedes numerous rounds of back propagation to fine-tune the FDT parameters in SNF-DT (membership
functions and leaf certainties). Because of this approach, the hierarchical structure of the FDT tree isn’t disrupted, and the
tree parameters may be tuned efficiently while still being interpretable. Figure 3 depicts the structure of SNF-DT.

Two summing nodes have been added to the basic SNF-DT structure in Figure 3 in order to perform inference.
To determinez1, the certainty factors for class 1 (Yes) from each leaf node are added together. In the same approach,
to determinez2., the certainty factors corresponding to class 2 (No) are added together. To determine the strength of the
mth class discharging at the nth leaf node in any pattern, use the formula

μ j
pathn

�βnm (11)

On the basis of the input characteristics accessible in traveling from the root node to the nth leaf node, each
pathn n¼ 2,…,6ð Þ is created. μ j

pathn
is the pathn membership degree. Which may be estimated as

μ j
pathn

¼
Y

k¼1,2,3

μGkn T j
k

� �
(12)

The degree of confidence with which pathn can categorise class m is βnm 0≤βnm≤1; ,¼ 1,2ð Þ.

Firepower of all leaf nodes belonging to a specific class is combined to determine the prediction confidence z jm m¼ 1,2ð Þ
of the jth pattern using FDT
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y j
m ¼

X6
n¼1

μ j
pathn

�βnm (13)

Predictions may be made by using the formula:

y j
1 ¼
X6
n¼1

μ j
pathn

�βn1y
j
2 ¼
X6
n¼1

μ j
pathn

�βn2 (14)

Segmentation to a unique class requires selecting the classes with the greatest degree ofmembership, such as classifying a
given pattern to categorise m0.

m0 ¼ argmax
m¼1,2

z jm
� �

(15)

The class with the most accurate predictions will be chosen, m0 ¼ argmax
m¼1,2

z j1,z
j
2

� �
To fuzzify input attributes, the method selects Gaussian membership (GM) functions out of many alternatives due to its
differentiable property. For jth pattern membership degree of pathn can be calculated by

μ j
pathn

¼∐
k
μGkn ¼

Y
k

exp
T j
k �Dkn

� �2
2σ2kn

 !
(16)

Where the centre and standard deviation of GM of the kth input attribute on the nth route of Gkn is represented by Dkn

and σkn, respectively.

The technique specifies that the FDT’s error function is a differentiable function like the mean square error F.

F¼ 1
2n

Xr
m¼1

Xn
j¼l

d j
m� z jm

� �2
(17)

Figure 3. Structure of SNF-DT.
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In SNF-DT, n is the number of training patterns, d j
m and z jm are required classes for the jth training set.

For the error to be minimised, all variations about the parameter’s Gaussian centre locations, widths, and confidence
factors must disappear. The parameter update rule is a consequence.

θτþ1 ¼ θτ �η
∂F

∂θ
(18)

FDT structures with Gaussian membership functions are updated using the following update rules: centers, widths, and
confidence factors.

βτþ1
nm ¼ βτnmþ

η
n

Xn
j¼1

e j
m� z jm

� �
μ2pathn (19)

Results
In this research, we examined the factors affecting tourist involvement in coffee tourism after the COVID-19 pandemic
in Thailand. Following a thorough analysis of the sample group, which included both Thai and foreign visitors
who engaged in coffee tourism in Thailand’s northern area, the following conclusions may be drawn. The parameters
are satisfaction level, coffee tourism rate, prediction rate, prediction error, accuracy. The existing methods are KNN
(k-nearest neighbors),26 naïve Bayes,27 BGVAR (Bayesian global vector auto regressive model,28 ANN (artificial neural
network),29 SNF- DT (stochastic neuro fuzzy decision tree) [Proposed].

The survey was completed by 275 travelers who came to Thailand to visit coffee plantations. According to the replies,
more than 59% of respondents overall were female, which is in line with demographic data. Between 21-30 years old,
around 60% of the population. Around 58% of people held bachelor’s degrees. About 29% of respondents were students
or university students, and about 75%were unmarried. 38% of those who responded said it was their first time visiting the
coffee tourist locations in northern Thailand. 40% of the participants were situated in Bangkok, and 28% earned between
10,001 and 20,000 THB each month. 52% of tourists learnt about places online, and 92% supported internet advertising.
48% of tourists drove privately. 52% spent 1,000-5,000 THB for transportation. Over 75% of participants spent little
more than 1,000 THB. 56% spent less than 1,000 THB for meals and drink. 53% spent less than 1,000 THB for lodging.
64% spent less than 1,000 THB on souvenirs. 68% of respondents spent no more than 1,000 THB. The majority of Thai
visitors surveyed (67%), came to the places for pleasure, followed by 22%who wanted an educational experience and to
sample fresh coffee from the coffeemanufacturing facilities. 54% of visitors stayed 1-2 days. 77%wanted to come during
coffee harvest season. 75% wanted coffee goods, especially instant coffee. Almost 47% wanted to learn about coffee
tourism by visiting farms and factories. Tours to coffee estates drew 81%of participants and more than 84% of satisfied
coffee tourists wanted to re-visit. Almost 90% of the examined travelers would suggest coffee tourism to others.

Second, the findings revealed demographic data, habits, requirements, and levels of satisfaction for all 125 foreign coffee
tourists who responded to the questionnaire. In terms of demographic data, the results revealed that women made up the
majority of the respondents, or more than 57%. Nearly 45% of the population was aged 21-30. About 33% had completed
high school. 80% of themwere unmarried and 41% of the population was either students or university graduates. Around
23%of the populationwas based in theUnited States of America. 44% ofworkers earned less than 2,000USD permonth.
It was about 65% of respondents’ first time visiting a coffee tourism site. Nearly 33% of travelers said their tour guides
taught them about the places. Nearly 37% reached the destination by airways. 36% of the examined foreign tourists said
they have spent between 501 and 1,000 USD on transportation. 48% spent up to 100 USD on activities in the places.
Almost 42% spent between 101 and 500USD on food and drinks. 45% spent between 101 and 500USD on lodging. Half
of them spent up to 100 USD on souvenirs. Around 18% of participants spent 100 USD on souvenirs and they spent
between 101 to 500 USD on other expenses.35% visited the places for recreation. Over 47% stayed one to two days. 56%
wanted to come during coffee pruning season. 54% wanted local coffee-related items and handicrafts. 56% wanted to
learn about coffee tourism from local guides. 54% wanted to see coffee farms and factories. In terms of satisfaction,
approximately 54%of foreign coffee tourists want to return to the coffee tourism sites. Nearly 73% said they’d suggest the
coffee tourism sites they visited.

The degree to which an individual’s actions provide them joy and fulfillment is referred to as satisfaction. The following
Figure 4 represents the satisfaction level. In this graph, it includes both Thai and foreign visitors who came to Thailand’s
northern area to explore coffee tourism. The satisfaction level of visitors includes attractions, accessibility, amenities,
available packages, activities, and ancillary services. The overall satisfaction level of foreign tourists is much greater than
Thai tourists.
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Thailand’s coffee tourism management seems to be a big hit with Thai visitors, according to the findings. Like the
Thai visitors, most of the international tourists surveyed were extremely pleased with the country’s coffee tourism
administration. Table 2 shows the satisfaction level of both Thai and foreign visitors.

As seen by the average score of 3.8, the findings generally imply that Thai visitors are quite satisfied with the
administration of the coffee tourism industry in Thailand. In a similar vein, the foreign tourists who participated in the
study are generally quite satisfied with the way that coffee tourism is managed in Thailand (mean = 3.93).

The coffee tourism industry recommends travel to coffee farms. Coffee tourism in Thailand has a lot of growth
potential because of Thailand’s abundant capacity to host visitors and manage its coffee resources. The following
Figure 5 represents the impacts of COVID-19 in coffee tourism.

Table 3 shows the impacts of COVID-19 on the coffee tourism rate. Table 3 illustrates that prior to COVID-19, 90% of
tourists were travelling to Thailand for the purpose of coffee tourism. In the midst of the COVID-19 epidemic, this
dropped to a rate of 30%, but after the pandemic, it increased to a rate of 70%.

The parameters are satisfaction level, coffee tourism rate, prediction rate, prediction error, accuracy. The existing
methods are KNN (k-nearest neighbors),26 naïve Bayes,27 BGVAR (Bayesian global vector auto regressive model,28

ANN (artificial neural network),29 SNF- DT (stochastic neuro fuzzy decision tree) [Proposed].

The prediction rate is the percentage of situations in which the test findings return positive. The following Figure 6
represents the prediction rate.We evaluated the k-nearest neighbors with a prediction rate of 55%, the Naive bayes with a
prediction rate of 68%, the Bayesian global vector autoregressive with a prediction rate of 76%, the artificial neural
network with a prediction rate of 88%, and we proposed SNF-DT with a prediction rate of 95%. The results of the
comparisons reveal that the suggested approach is superior to each of the four methods that already exist.

Table 2. Tourist satisfaction with Thailand's coffee tourism.

Destination for coffee tourism Foreign tourists Thai tourists

SD x Satisfaction level SD x Satisfaction Level

Accessibility .654 3.81 High .728 3.91 High

Attractions .546 4.08 High .623 4.13 High

Activities .756 3.73 High .958 3.67 High

Available package .756 3.73 High .990 3.66 High

Ancillary services .785 3.28 Average .855 3.79 High

Amenities .623 3.79 High .631 3.94 High

Figure 4. Tourists' overall satisfaction with coffee tourism in Thailand.
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Table 4 shows the prediction rate for suggested and traditional methods.

The following well-known equation may be used to compute the percentage prediction error:

Percentage prediction error¼measured value�predicted value
measured value

�100 (20)

The following Figure 7 represents the prediction error. We evaluated the k-nearest neighbors with a prediction error of
58%, the Naive bayes with a prediction error of 65%, the Bayesian global vector autoregressive with a prediction error
of 77%, the artificial neural network with a prediction error of 85%, and the proposed SNF-DT with a prediction error of
97%. The comparative findings show that the proposed technique is lower than the four existing approaches.

Table 5 shows the prediction error for suggested and traditional methods.

Table 3. Impacts of COVID-19 in coffee tourism rate.

Coffee tourism rate

Before COVID-19 During COVID-19 After COVID-19

90% 30% 70%

Figure 6. Comparative analysis of prediction rate for suggested and traditional methods.

Figure 5. Impacts of COVID-19 in coffee tourism (source: author).
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The effectiveness of a classifiermay bemeasured by counting the number of true positives (TP), true negatives (TN), false
positives (FP), and false negatives (FN).30 In performance evaluation, sensitivity and specificity are two metrics that are
frequently utilised.

It determines howmany samples are successfully categorized. It determines how exactly the outcomes correspond to the
original outcome.

Accuracy¼ TPþTN

TPþTNþFPþFN
(21)

The following Figure 8 represents the accuracy.We evaluated the k-nearest neighbors with an accuracy rate of 52 percent,
the Naive bayes with an accuracy rate of 68%, the Bayesian global vector autoregressive (BGVAR) with an accuracy rate
of 79%, the artificial neural network with a accuracy rate of 86%, and we proposed SNF-DTwith a accuracy rate of 94%.
The comparative findings show that the proposed technique outperforms each of the four existing approaches.

The Table 6 shows the accuracy for suggested and traditional methods.

Table 5. Prediction error for suggested and traditional methods.

Methods Prediction rate (%)

KNN26 58

Naive Bayes27 65

BGVAR28 77

ANN29 85

SNF-DT [Proposed] 97

Figure 7. Comparative analysis of prediction error for suggested and traditional methods.

Table 4. Prediction rate for suggested and traditional methods.

Methods Prediction rate (%)

KNN26 55

Naive Bayes27 68

BGVAR28 76

ANN29 88

SNF-DT [Proposed] 95
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Discussion
Coffee farms in Thailand were new experiences for most of the participants in the study.31-33 Participants in the survey
were more inclined to visit coffee enterprises in Thailand to learn about coffee tourist destinations. Coffee tourism
hotspots should set up their ownwebsites, according to the report, as a way to better connect with visitors.31,34 As a result,
it seems that the capacity to accommodate visitors by launching interesting coffee tourism activities that respond to
known data on tourist satisfaction in this sector would likely gain their pleasure and assure return visits.35,36 In this regard,
it is important to understand visitor behaviour and demands so that successful marketing strategies for each province can
be developed and implemented, and the necessary objectives may be met. In addition, the costs in coffee tourism sites are
not exceptionally expensive since they are considered alternative tourist attractions. Inadequate knowledge about
activities available in coffee tourist locations led them to arrange a one-day trip. Visitors to coffee tourism sites were
more interested in having fun than in learning about the process of making and consuming coffee. The majority preferred
to travel in the winter during the coffee harvest season, followed by those who wanted to visit in the rainy season for crop
rotation. Consequently, most visitors to the coffee tourism attractions were located in the central area of Thailand,
particularly in Bangkok. Because to the region’s lowlands, humid temperature, and short winter season, most Central
Thailand’s residents spend their winters seeking a change of scenery and visiting tourist sites in other parts of the
country.37 Most Thai visitors want to learn more about coffee by visiting coffee estates and seeing coffee production and
processing. A portion of the research team wanted to discover local culture from local tour guides. Tourists were
interested in coffee farm excursions, coffee brewing demonstrations and tastings, visiting neighboring sights, seeing
coffee processing facilities, and learning about local lives, cultures, and customs. Most want to return to coffee tourism
hotspots and recommend them to others.38 Amassive dataset does not workwell with KNN.26 The probability outputs are
not to be taken too seriously sinceNaive Bayes27 is also recognized for being a poor estimator. BGVAR28 cannot simulate
distributions if it is difficult to calculate the next-symbol probability. The construction of artificial neural networks is not
predetermined by any rule according to ANN.29 To tackle this issue, we propose stochastic neuro-fuzzy decision trees for
analyzing the coffee tourism. The findings show that coffee tourism is a popular pastime for coffee aficionados, and that
many tourists enjoy a cup of joewhile on vacation. Coffee- related souvenirs, tour packages, and coffee history may all be
developed to improve tourism, and tourists are aware of this potential.

Figure 8. Comparative analysis of accuracy for suggested and traditional methods.

Table 6. Accuracy for suggested and traditional methods.

Methods Prediction Rate (%)

KNN26 52

Naive Bayes27 68

BGVAR28 79

ANN29 86

SNF-DT [Proposed] 94
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Conclusion
Coffee farms have been hit hard by the current pandemic-induced change in consumer perceptions of risk and behavior.
Economic, social, and health repercussions have been noticed and felt by both coffee tourists and its producers and
customers alike. These methods allowed for a rapid reaction to pandemic in the coffee tourist. Data on the sample
group’s visitor numbers in each province is collected and preprocessed. The linear discriminant analysis is used to extract
the features, and the Bat method can be used to select the features. Stochastic neuro-fuzzy decision trees were utilized to
analyze the coffee tourist data. Future research will focus on developing recommendations for coffee tourism manage-
ment for local communities, adopting coffee tourism-related identities such as Robusta Coffee in the south of Thailand,
and conducting a comparative study of coffee tourism administration among ASEAN and Asian countries.

Coffee tourism is becoming an increasingly popular travel experience, with people seeking to find the tastes of
different cultures. Machine learning approaches offer the potential to explore the coffee tourism experience further.
Using appropriate algorithms, researchers can gain a better understanding of consumer preferences and the experiences of
those visiting coffee plantations. A predictive analytics approach can be used to analyze consumer data and identify
patterns in purchasing behavior. This would allow researchers to understand better how tourists engage in coffee tourism.
Additionally, sentiment analysis can be employed to analyze customer reviews and gain insight into the emotional aspects
of their experiences.

Data availability
Underlying data
figshare: Research on factors affecting tourist involvement in coffee tourism after the COVID-19 pandemic in Thailand –
Questionnaire. https://doi.org/10.6084/m9.figshare.21310734.v3

This project contains the following underlying data:

- Coffee Tourism – Raw Data.xlsx

Extended data
figshare: Research on factors affecting tourist involvement in coffee tourism after the COVID-19 pandemic in Thailand –
Questionnaire. https://doi.org/10.6084/m9.figshare.21310734.v3

This project contains the following extended data:

- Coffee Toursim - Questinnaire to Participants.docx

figshare: Research on factors affecting tourist involvement in coffee tourism after COVID-19 pandemic in Thailand.
https://doi.org/10.6084/m9.figshare.20417568.v4

This project contains additional extended data.

Data are available under the terms of the Creative Commons Attribution 4.0 International license (CC-BY 4.0).
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This is an interesting piece and the topic of study is well justified. However, the way the paper is 
presented makes me doubt whether it qualifies for indexing. The work is not appropriately 
presented and structured as a research paper. 
  
The aim and objective of the study are not clearly stated. There is no research question that guides 
the research problem. The literature review section is mixed with the introduction section and 
there is no clarity on the key themes that are examined (eg coffee tourism, the profile of the case 
study etc). If authors claim to have used case study as their research design, they do not justify 
their choice. Likewise, readership might be interested to know more about Thailand. The profile of 
the case study is therefore missing. The methodology section is another weak section which is not 
appropriately presented. The work is concluded in 5 lines. 
  
Overall, the work lacks substance and sounds like a mish-mash of information. In my opinion, 
authors need to do a major revision and re-organise the whole work.
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If applicable, is the statistical analysis and its interpretation appropriate?
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Are the conclusions drawn adequately supported by the results?
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Please remove the word "research on" from the title 
 

1. 

Add the recommendation / contribution at the end of the abstract  
 

2. 

Kindly avoid using the very short sentences in the writing  
 

3. 

Must use the in-text citations in all the writing, don't leave any writing without citation 
 

4. 

Re-write the problem statement and no need to highlight the title "Problem statement" just 
add it to the end of the introduction and followed with the research objectives  
 

5. 

You have two titles; methods and methodology, you need to use only one title to discuss 
your methodology part  
 

6. 

Ethics not needed here, may use it in the acknowledgment section  7. 
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You have mentioned that the data collection was made using the paper and pen; we are in 
the COVID situation, how was that possible? 
 

8. 

Justify why the validation was high for the instrument, what was the sources of the 
instrument? 
 

9. 

Add recommendation to your conclusion  
 

10. 

Update the references 11. 
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expertise to confirm that it is of an acceptable scientific standard, however I have 
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Response to the Reviewer 
 
Please remove the word "research on" from the title 
 
Answer: Thank you for the comments. Based on the comments, the word research has 
been removed from the title and updated the revised title. 
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Add the recommendation / contribution at the end of the abstract   
 
Answer: Thank you for the comment. Based on the suggestion, the recommendation and 
contribution of the study has been updated in the abstract. 
 
"Major global businesses such as tourism have been harmed by COVID-19’s unprecedented 
effects. This study attempts to determine the role of coffee tourism in livelihoods based on 
real-time data using a machine-learning approach. More research is needed to analyze the 
factors of the coffee tourism experience using different machine learning approaches." 
 
Kindly avoid using the very short sentences in the writing  
 
Answer: Thank you for the comment. Based on the suggestion, the short sentences in the 
manuscript have been rewritten for flow and readability. 
 
Must use the in-text citations in all the writing, don't leave any writing without citation 
 
Answer: Thank you for the comment. Based on the comment, entire article has been 
checked for the in-text citations. 
 
Re-write the problem statement and no need to highlight the title "Problem statement" just 
add it to the end of the introduction and followed with the research objectives 
 
Answer: Thank you for the comment. Based on the comment, the problem statement word 
has been removed, and the paragraph was added after the introduction section. 
 
You have two titles; methods and methodology, you need to use only one title to discuss 
your methodology part  
 
Answer: Thank you for the comment. Based on the recommendation, I have used only 
“Methods” title to discuss the methodology part and updated in the manuscript. 
 
Ethics not needed here, may use it in the acknowledgment section  
 
Answer: Thank you for the comment. Based on the comment, the ethical section has been 
moved to the acknowledgement section in the revised manuscript. 
 
You have mentioned that the data collection was made using the paper and pen; we are in 
the COVID situation, how was that possible? 
 
Answer: Thank you for your comments. I would like to clarify that the work was not 
conducted during the peak pandemic but was undertaken during the relaxation phase and 
after the slow influx of tourists. The data collection was made using a paper and pen, we 
were wearing masks and was following social distancing and other COVID safety 
precautionary methods. Data collection was performed using strict COVID protocols. 
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Justify why the validation was high for the instrument, what was the sources of the 
instrument? 
 
Answer: Thank you for the comments. Based on the comments, the details of validation 
have been updated in the manuscript. 
 
"This study examined the conceptual model by collecting data from a self-administered 
questionnaire. For the purpose of certifying its validity, the survey instrument was 
pretested. For the purpose of ensuring content validity, 50 national and international 
tourists were tested. All constructs were tested for reliability (Cronbach's alpha greater than 
0.70) and survey questions were confirmed to be reliable." 
 
Add recommendation to your conclusion  
 
Answer: Thank you for the comment. Based on the suggestion, the recommendations have 
been updated in the conclusion. 
 
"Coffee tourism is becoming an increasingly popular travel experience, with people seeking 
to find the tastes of different cultures. Machine learning approaches offer the potential to 
explore the coffee tourism experience further. Using appropriate algorithms, researchers 
can gain a better understanding of consumer preferences and the experiences of those 
visiting coffee plantations. A predictive analytics approach can be used to analyze consumer 
data and identify patterns in purchasing behavior. This would allow researchers to 
understand better how tourists engage in coffee tourism. Additionally, sentiment analysis 
can be employed to analyze customer reviews and gain insight into the emotional aspects 
of their experiences." 
 
Update the references  
 
Answer: Thank you for the comments. References have been checked and updated.  
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