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 Tourism is relatively high profit, low-cost and high work opportunity industry. Medical 
tourism is special kind of business type in tourism industry. The characteristic of medical 
tourism is high threshold and high profit for hospital and government. But, fewer literatures 
research about competitiveness of medical tourism industry until now. Especially, medical 
tourism industry faces big challenge when COVID-19 occurs which stop patient to go 
abroad for treating in the world. This research arranges relative literatures and invite some 
expert’s opinion to design criteria for evaluating competitiveness of medical tourism 
industry in each area. After that, linguistic VIKOR and Entropy will be integrated to analyze 
and evaluate performance of medical tourism industry among China, Taiwan, Japan and 
South Korea. Finally, some reasonable suggestion will be provided for Taiwan government 
and hospital. 
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1. Introduction  

Compare with other area in Asia, medical service in Taiwan is 
relatively good whose price–performance ratio is high in the 
world. Based on health care index from CEOWORLD magazine, 
the rank of Taiwan is in top levels among eighty regions in the 
world (Please refer to Figure 1). This magazine investigates and 
believe that Taiwan's health care standard ranks first in medical 
equipment, medical personnel technology and medical expenses 
fields. Based on this information, Taiwan government can consider 
to apply this strength of Taiwan medical service to develop 
economics. 

Business volume of tourism relative industry such as 
accommodation industry, transportation industry, catering 
industry and amusement industry will increase when government 
develop tourism industry [2]. Besides, a huge amount of work 
opportunity can be generated by tourism industry.  Based on above 
reason, medical tourism become the main development business 
activity in Taiwan. However, medical tourism industry faces big 
challenge when COVID-19 occurs which stop tourist to travel in 
the world and foreign patient can’t go to Taiwan for treatment [3]. 
It needs a novel criteria and framework to evaluate 
competitiveness of medical tourism industry for satisfying the 
sustainable development goal. The goal (research objectives) of 
this research is to develop a framework to evaluate and understand 

competitiveness of medical tourism industry under the 
sustainability development condition in Taiwan.  

The content of this research is organized as follows. Some 
literatures about medical tourism evaluation will be arranged and 
discussed in chapter 2. After that, some operation content about 
linguistic variable and proposed method will be explained in 
chapter 3. The competitiveness of medical tourism industry among 
China, Taiwan, Japan and South Korea will be analyzed and 
evaluated based on proposed method and SWOT analysis about 
Taiwan medical tourism industry will be executed in chapter 4. 
Some management implementation will be token over in chapter 
5.  Finally, conclusion and future research will be discussed as 
ending. 

 
Figure 1: Rank of medical service in the world [1] 

65
70
75
80
85
90

Ta
iw

an
So

ut
h…

Ja
pa

n
De

nm
ar

k
Fr

an
ce

Sp
ai

n
Au

st
ria

Th
ai

la
nd

Au
st

ra
lia

Fi
nl

an
d

N
et

he
rla

…
Cz

ec
h…

U
ni

te
d…

N
or

w
ay

Be
lg

iu
m

N
ew

…
Ge

rm
an

y
Q

at
ar

Is
ra

el
Es

to
ni

a

Health Care Index

ASTESJ 

ISSN: 2415-6698 

*Corresponding Author: Yen-Hung Chen, chenyenhung1234@gmail.com 
 

 

Advances in Science, Technology and Engineering Systems Journal Vol. 5, No. 6, 1690-1697 (2020) 

www.astesj.com   

Special Issue on Innovation in Computing, Engineering Science & Technology 

https://dx.doi.org/10.25046/aj0506201  

http://www.astesj.com/
http://www.astesj.com/
https://dx.doi.org/10.25046/aj0506201


Y.H. Chen et al. / Advances in Science, Technology and Engineering Systems Journal Vol. 5, No. 6, 1690-1697 (2020) 

www.astesj.com     1691 

2. Literature Review 

In 2005, the business volume of global medical market and 
healthcare market reached US$200-300 billion. In the same time 
point, the tourist volume of the global medical tourism industry 
market exceeds 19 million person per year and business volume of 
medical tourism industry approaches US$20 billion [4]. Enterprise 
in medical tourism industry should manage and evaluate its 
performance. So, there are various literatures research about 
medical tourism evaluation has been executed under this 
development trend. Below literatures are relative research about 
medical tourism evaluation.  

In [5], the author collected relative literatures and surveyed 
relative experts’ opinions to build 33 evaluation criteria. And then, 
fuzzy VIKOR were applied to evaluate service quality of public 
medical tourism hospital. In [6], the author developed a 
comprehensive framework to assess the factors affecting health 
tourism development in Yazd province in China. Their method 
integrated interpretive structural modeling (ISM) with fuzzy 
TOPSIS to evaluate medical tourism competitive ability. Research 
result showed that patient satisfaction is the most important factors 
for developing medical tourism. In [7], the author tried to validate 
the measurement model for medical tourism research. In their 
research, the research dimension about human capital, physical 
infrastructure and patient satisfaction had been validated by 
confirmatory factor analysis (CFA). Future scholar can use their 
questionnaire to test performance of medical tourism industry. In 
[8], the author used strengths, weaknesses, opportunities and 
threats (SWOT) analysis to evaluate business status of medical 
tourism industry in Turkey. After that, analytical hierarchy process 
(AHP) were applied to analyze and rank the importance of each 
factor which will influence the development of tourism industry in 
Turkey.  

In [9], the author took Indian medical tourism hospital as 
research target. This scholar applied SWOT analysis to evaluate 
the development status of each organization. And then, technique 
for order preference by similarity to ideal solution (TOPSIS) were 
combined with AHP to rank the performance of each hospital. In 
[10], author considered that medical tourism industry is normal 
business phenomenon because some country face long waiting 
queues, high treatment costs or lack of insurance in some country. 
They applied SWOT model and best-worst techniques to develop 
and analyze medical tourism industry development strategy in 
Yazd province of Iran. In [11], the author collected relative 
information of different city in India and used rough number to 
integrate experts’  opinions. Analytic hierarchy process was 
applied to evaluate weigh of each medical tourism criteria and 
multi‐attributive border approximation area comparison methods 
were used to rank performance of medical tourism site. According 
to analysis result, we can know that “quality of infrastructure of 
healthcare institutions”, “supply of skilled human resources” and 
“new job creations” were three most important factor to select 
medical tourism destination. In [12], the author collected relative 
information to build medical tourism evaluation criteria and 
investigated fuzzy TOPSIS with decision making trial and 
evaluation laboratory (DEMATEL) to analyze the key factor for 
developing medical tourism industry in Malaysia. According to 
their research result, human and technological factors are most 

important key factors for medical tourism industry. In [13], author 
used SERVQUAL methodology to evaluate service quality of 
hospital and designed twenty-eight criteria to build hospital service 
quality. Fuzzy AHP and Elimination and Choice Translating 
Reality (ELECTRE-I) were employed to evaluate and rank 
performance of each hospitals. According to experiment result, 
trustworthiness and empathy were the most important dimension 
for patient to select hospital. 

According to above information, we can know that a lot of 
literatures discuss about medical tourism in each dimension. They 
used each kind of multi criteria decision making technology to 
handle each kind medical tourism evaluation problem (such as 
importance factor analysis, medical service evaluation, hospital 
performance evaluation and hospital destination decision etc). 
However, past literatures investigative about medical tourism 
evaluation problem who usually lack to consider the dimension 
about sustainable development of medical tourism industry when 
some special event will stop development of medical tourism such 
as COVID-19. This study will fill this research gap. 

3. Preliminary and Entropy-VIKOR Method 

In this study, we will introduce the research tool – SWOT 
analysis, linguistic variable, entropy method and Entropy-VIKOR 
Method. 

3.1. SWOT analysis 

Strengths, Weaknesses, Opportunities and Threats Analysis 
(SWOT Analysis) are the most useful analysis tool. This tool has 
been applied in each kind of fields such as hospitality industry 
evaluation [14], tourism development strategy [15], medical 
tourism assessment [8] etc. SWOT is the comprehensive analysis 
tool which think over relative conditions of relevant competitors 
and external environmental conditions of research target. This 
method allows research target to analyze, examine and investigate 
external opportunities and potential threats. After that, research 
target will understand and recognize their own advantages and 
disadvantages for analyzing its competitiveness (Refer to Table 1).   

Table 1:  SWOT analysis concept 

 Impact on Research Target 
Good for 
Research 
Target 

Harmful to 
Research 
Target 

Sources of 
Influencing 
Factors 

Within the 
Research 
Target 

Strengths  Weaknesses 

External 
Environment 

Opportunities Threats 

3.2. Linguistic Variable 

Linguistic variable is useful tool. This tool can let expert to 
express their opinion under the same evaluation scale and integrate 
experts’ opinion easily [16]. Below content are the definition, 
notation and operation about linguistic variable. 

Definition 1. The η scale linguistic term set S is the set of 
linguistic variables. S can be described by following equation [17] 
and [18]. 

http://www.astesj.com/
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S=�𝑠𝑠0
𝜂𝜂, 𝑠𝑠1

η, … , 𝑠𝑠η−1
η � (1) 

where 𝑠𝑠ʇ
η (ʇ = 0,1, … , η − 1) is η scale linguistic variable and η is 

the total volume of linguistic variable in S. 
Definition 2. △ is the linguistic transfer function. This function 
can transfer linguistic variable into crisp value n (n is between 0 
and 1). This function can be described by following equation [17] 
and [18]. 

∆�𝑠𝑠𝑧𝑧
η� = 𝑧𝑧

η−1
=n (2) 

Definition 3. △−1 is the linguistic transfer inverse function. This 
function can transfer crisp value n (n is between 0 and 1) into 
linguistic variable. This function can be described by following 
equation [17] and [18]. 

△−1 (𝑛𝑛)=𝑠𝑠𝑛𝑛∗(η−1)
η  (3) 

3.3. Entropy Method 

Entropy Method is one kind of weight evaluation technology. 
Under this method, importance of each criterion will be decided 
according to information volume in each criterion. So, multi 
criteria decision making (MCDM) technology integrated with 
entropy method can distinguish the performance of each 
alternative easily [19]. Below content are notation and operation 
about entropy method. 
Definition 4. Suppose that 𝜑𝜑𝑞𝑞 is entropy value for criterion q. If 
information in criterion q is low, then  𝜑𝜑𝑞𝑞 is low. Entropy function 
should be described by following equation  [20] and [21]. 
 

𝜑𝜑𝑞𝑞=-1 ∗ 1
𝑙𝑙𝑙𝑙𝑙𝑙

∑ 𝑓𝑓𝑖𝑖𝑖𝑖𝑙𝑙𝑙𝑙�𝑓𝑓𝑖𝑖𝑖𝑖�𝑀𝑀
𝑖𝑖=1  (4) 

where 𝑓𝑓𝑔𝑔𝑔𝑔=
𝑥𝑥𝑔𝑔𝑔𝑔

∑ 𝑥𝑥𝑖𝑖𝑖𝑖𝑀𝑀
𝑖𝑖=1

.  

Definition 5. Weight (importance) of each criterion should be 
decided by entropy value. The weight of criterion q will be 
acquired by following equation [20] and [21]. 

𝑤𝑤𝑞𝑞= 1−𝜑𝜑𝑞𝑞
∑ (1−𝜑𝜑𝑧𝑧)𝑁𝑁
𝑧𝑧=1

 (5) 

where N is the total volume of criteria. 

3.3. Entropy-VIKOR Method 

In this research, Entropy-VIKOR Method are selected to cope 
with medical tourism competitiveness evaluation problem. In 
Entropy-VIKOR Method, some notation will be applied and can 
be described as Table 2. 

Table 2: Notation in Entropy-VIKOR Method 

Set Notation Detail 
Description 

Research 
target 

T={𝑇𝑇1,𝑇𝑇2, … ,𝑇𝑇𝑚𝑚} m represents 
volume of 
research target 

Criteria C={𝐶𝐶1,𝐶𝐶2, … ,𝐶𝐶𝑛𝑛} n represents 
volume of 
criteria 

Weight 
criteria 

W={𝑤𝑤1,𝑤𝑤2, … ,𝑤𝑤𝑛𝑛} n represents 
volume of 
criteria 

Decision 
matrix 

X = 
𝐶𝐶1 𝐶𝐶2 … 𝐶𝐶𝑛𝑛

𝑇𝑇1
𝑇𝑇2…
𝑇𝑇𝑚𝑚

�
𝑥𝑥�11 𝑥𝑥�12
𝑥𝑥�21 𝑥𝑥�22

… 𝑥𝑥�1𝑛𝑛
… 𝑥𝑥�2𝑛𝑛… …

𝑥𝑥�𝑚𝑚1 𝑥𝑥�𝑚𝑚2
… …
… 𝑥𝑥�𝑚𝑚𝑚𝑚

� 

𝑥𝑥�𝑖𝑖𝑖𝑖  represents 
performance of 
research target 
𝑇𝑇𝑖𝑖  with respect 
to 𝐶𝐶𝑗𝑗. 

Expert E={𝐸𝐸1,𝐸𝐸2, … ,𝐸𝐸𝐾𝐾} K represents 
volume of 
experts 

At first, research targets should be decided by organization. 
Organization should organize the evaluation project team. After 
that, some experts will be invited into this team. After experts 
discuss with each other, criteria for evaluating competitiveness of 
medical tourism industry can be arranged and selected. And then, 
experts’ opinion will be gathered for evaluating performance of 
each research target respect to each criterion. At last, Entropy-
VIKOR method will be used to evaluate competitiveness of 
medical tourism industry among each research target in Asia. 
SWOT analysis will be executed for detailly evaluating 
competitiveness of medical tourism industry among each research 
target. Research result will be provided to organization for 
reference. Relative execution process can refer to Figure 2. 

 
Figure 2: Execution process of proposed method 

Let 𝑥𝑥�𝑖𝑖𝑖𝑖𝑖𝑖  be expert k’s opinion for performance of region i 
with respect to criterion j. Experts’ opinion will be integrated by 
following equation. 

𝑥𝑥�𝑖𝑖𝑖𝑖=△−1 �∑
∆�𝑥𝑥�𝑖𝑖𝑖𝑖𝑖𝑖�

𝐾𝐾
𝐾𝐾
𝑘𝑘=1 � (6) 

In this research, weight of criteria will be calculated and 
acquired by entropy method. Weight evaluation function can be 
describing according to following equation. 

𝑤𝑤𝑞𝑞= 1−𝜑𝜑𝑞𝑞
∑ (1−𝜑𝜑𝑧𝑧)𝑛𝑛
𝑧𝑧=1

 (7) 

where 𝐿𝐿𝑖𝑖𝑖𝑖=
∆�𝑥𝑥�𝑖𝑖𝑖𝑖�

∑ ∆�𝑥𝑥�𝑖𝑖𝑖𝑖�
𝑚𝑚
𝑖𝑖=1

, 𝜑𝜑𝑞𝑞=-1 ∗ 1
ln (𝑚𝑚)

∑ 𝐿𝐿𝑖𝑖𝑖𝑖𝑙𝑙𝑙𝑙�𝐿𝐿𝑖𝑖𝑖𝑖�𝑚𝑚
𝑖𝑖=1 . 

The advantage of using entropy method to acquire the weight 
of each criteria is that entropy method can decide the weight of 
each criteria automatically for reducing the evaluation burden of 
experts.  

http://www.astesj.com/
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Below content is relative execution step in VIKOR method. 

Positive ideal solution (PIS) is the importance index in 
VIKOR method. PIS represents the ideal performance of virtual 
best research target (alternative). PIS can be calculated according 
to following equation. 

𝑓𝑓𝑗𝑗∗=𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖 △−1 �𝑥𝑥�𝑖𝑖𝑖𝑖� (8) 
 
Negative ideal solution (NIS) is another importance index in 

VIKOR. NIS represents the poorest performance of virtual worst 
research target (alternative). NIS can be calculated according to 
following equation. 

 
𝑓𝑓𝑗𝑗−=𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖 △−1 �𝑥𝑥�𝑖𝑖𝑖𝑖� (9) 

 
Total performance of research target (the largest group 

utility) 𝑆𝑆𝑖𝑖  represents the overall performance of research target 𝑇𝑇𝑖𝑖 .  
𝑆𝑆𝑖𝑖 can be calculated according to following equation. 

 

𝑆𝑆𝑖𝑖=∑ 𝑤𝑤𝑗𝑗 ∗
𝑓𝑓𝑗𝑗
∗−△−1�𝑥𝑥�𝑖𝑖𝑖𝑖�

𝑓𝑓𝑗𝑗
∗−𝑓𝑓𝑗𝑗

−
𝑛𝑛
𝑗𝑗=1  (10) 

 
The individual regret value of research target (the smallest 

individual regret) 𝑅𝑅𝑖𝑖  represents the maximum regret degree of 
decision maker if he/she select research target 𝑇𝑇𝑖𝑖  . 𝑅𝑅𝑖𝑖  can be 
calculated according to following equation. 

 

𝑅𝑅𝑖𝑖=𝑚𝑚𝑚𝑚𝑚𝑚𝑗𝑗 �𝑤𝑤𝑗𝑗 ∗
𝑓𝑓𝑗𝑗
∗−△−1�𝑥𝑥�𝑖𝑖𝑖𝑖�

𝑓𝑓𝑗𝑗
∗−𝑓𝑓𝑗𝑗

− � (11) 

 
Total performance of research target  𝑆𝑆𝑖𝑖 and individual regret 

value of research target  𝑅𝑅𝑖𝑖  respectively means different 
consideration for making decision. So, expert can rank the 
performance of research target according to largest group utility 
𝑆𝑆𝑖𝑖 and smallest individual regret 𝑅𝑅𝑖𝑖 simultaneously. Based above 
view point, it generates the compromise result 𝑄𝑄𝑖𝑖 . 𝑄𝑄𝑖𝑖  should be 
calculated for ranking performance of each research target based 
on following equation. 

 
𝑄𝑄𝑖𝑖=v*𝑆𝑆𝑖𝑖−𝑆𝑆

∗

𝑆𝑆−−𝑆𝑆∗
+(1-v)*𝑅𝑅𝑖𝑖−𝑅𝑅

∗

𝑅𝑅−−𝑅𝑅∗
 (12) 

 
where v represents decision parameter.  This parameter is used to 
make decision for adjusting the importance between 𝑆𝑆𝑖𝑖  and 𝑅𝑅𝑖𝑖 . 
𝑆𝑆∗=𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖𝑆𝑆𝑖𝑖, 𝑆𝑆−=𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖𝑆𝑆𝑖𝑖, 𝑅𝑅∗=𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖𝑅𝑅𝑖𝑖, 𝑅𝑅−=𝑚𝑚𝑚𝑚𝑚𝑚𝑖𝑖𝑅𝑅𝑖𝑖. 
Research target 𝑇𝑇𝑖𝑖  will be better if 𝑄𝑄𝑖𝑖  is fewer. 
 
4. Competitiveness Analysis of Medical Tourism Industry 

Among Asia Region 

Competitiveness of medical tourism industry in Taiwan will 
be evaluated by an organization. After discussing and considering, 
four regions have been chosen as research target to evaluate their 
competitiveness. Those research targets are South Korea (𝑇𝑇1 ), 
Japan (𝑇𝑇2), Taiwan (𝑇𝑇3), China (𝑇𝑇4). Above research target are 
regions in Asia which are main medical tourism competitor for 
Taiwan. 

The execution process of proposed method is as follows: 
Step 1. Organize evaluation project team 

In the beginning, Taiwan government organize evaluation 
project team and invite nine experts to execute this evaluation 
project. Experts in this team include government officer, 
employees in traditional hotel, employees in travel agency, nurse 
leader, doctor (hospital dean) and university professors. The 
investigation target covered already include tourism industry, 
medical industry, government and university. So, respondents in 
this survey are representative (Refer to Table 3). 

Table 3: Interviewee related information 

no attribute Content 
1 Industry Hospital dean 
2 Industry Nurse leader 
3 Industry High level employees in travel agency 
4 Industry High level employees in hotel 
5 Government Staff in the Ministry of Economy 
6 Government Staff in Tourism Bureau 
7 Government Staff in the Ministry of Health and 

Welfare 
8 Academia Professor in department of business 

management 
9 Academia Professor in department of nursing 

management 
 
Step 2. Execute evaluation criteria decision 

After collecting literatures and experts discuss with each 
other, eight criteria are employed to evaluate performance of 
research target. The criteria include medical industry image (𝐶𝐶1), 
medical ability (𝐶𝐶2), telemedicine ability (𝐶𝐶3), medical cost (𝐶𝐶4), 
financial status in hospital and travel agency (𝐶𝐶5),  volume of 
medical tourism traveler per year (𝐶𝐶6), medical service speed in 
hospital (𝐶𝐶7)  and maximum service volume in region (𝐶𝐶8). Above 
criteria are suitable to evaluate competitiveness of medical 
tourism industry because of below reason. 
(a) medical industry image  

Patient’s medical industry image in this region will influence 
his/her intention to go to the region [22] and [23], foreign hospital 
does not have opportunity to service this patient if he/her do not 
go to this region. 
(b) medical ability 

Some patients want to receive high quality medical service, so 
medical ability of medical industry in this region is the main 
consideration when patients select medical tourism destination 
region [24] and [25]. 
(c) telemedicine ability   
     Hospitals need to treat their foreign patients and maintain 
relationship with those patients. However, COVID-19 causes that 
medical tourism patient cannot go abroad to receive face-to -face 
medical service. So, telemedicine ability is more and more 
important for region to develop medical tourism industry in order 
to maintain relationship with foreign patients and continuously 
treat those patients. 
(d) medical cost  

In some region, medical cost is very expensive for citizen [26] 
and [27]. So, patient has the intention to cure his/her disease in 
foreign region. Medical cost is the main consideration for 
choosing medical tourism destination region. 
(e) financial status in hospital and travel agency  
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Some hospital’s business volume decreases because COVID-
19 occurs and foreign patient cannot go abroad to receive medical 
service. So, robust financial status in hospital and travel agency is 
key factor if medical tourism industry wants to sustainable 
development.   
(f) volume of medical tourism traveler per year 

Volume of medical tourism traveler in this region is the 
important index to evaluate medical tourism development in this 
region. High volume of medical tourism traveler not only can 
reduce medical cost but also can increase potential foreign patient 
because medical tourism traveler will execute “buzz marketing” 
if this traveler satisfies medical service in this region. 
(g) medical service speed in hospital  
     Foreign patients go abroad for receiving medical service will 
request service quality. In some literatures, it justified that 
medical service time will negative influence patient safety and 
service quality perception [28]. So, controlling medical service 
speed in the reasonable range is the important competitiveness of 
hospital and it will influence the development of medical tourism 
industry in this region. 
 (h) maximum service volume in the region  

The maximum medical service volume in the region is 
important index because this index will decide maximum business 
volume of medical tourism industry in this region. According to 
scale economics view point, high business volume of medical 
tourism industry can reduce medical cost in this region because 
hospital can purchase a huge amount of medicine and medicine 
price will reduce by bulk purchase [29]. 

Step 3. Collect information  

    In this study, nine scale linguistic variables are employed for 
experts to express their opinions [30] and [31]. Expert’s opinion 
about competitiveness of each research target (region) in medical 
tourism industry respect to each criterion can refer to Table 4. 

Table 4: Performance of each research target 

 
Expert 1’s opinion Expert 2’s opinion 
South 
Korea  

Japan 
 

Taiwan 
 

China South 
Korea  

Japan Taiwan 
 

China 

𝐶𝐶1 EG EG P MG MG F EG VG 
𝐶𝐶2 MP MG MP EG MG EG EG EG 
𝐶𝐶3 MP MG MG EG MG F EP EG 
𝐶𝐶4 G EG EG MG MP MG VG MG 
𝐶𝐶5 MG F MP P F MG EG EP 
𝐶𝐶6 EG F MP EP EG F EP EP 
𝐶𝐶7 EG F VG F G MP MP EG 
𝐶𝐶8 MG G MG MP MG EG EG EP 

 Expert 3’s opinion Expert 4’s opinion 
South 
Korea  

Japan 
 

Taiwan 
 

China South 
Korea  

Japan 
 

Taiwan 
 

China 

𝐶𝐶1 VG MP F EP MP F VG F 
𝐶𝐶2 EG MG MG EP F G VG EP 
𝐶𝐶3 MG MG G G MP G VG MG 
𝐶𝐶4 EP MG G MG F G G F 
𝐶𝐶5 MG MP EP F MG MP EG VG 
𝐶𝐶6 VG F VP MP G MG F MP 
𝐶𝐶7 MP EG MG VG EP VG F P 
𝐶𝐶8 EG MG F MG G G MG G 

 Expert 5’s opinion Expert 6’s opinion 

South 
Korea  

Japan 
 

Taiwan 
 

China South 
Korea  

Japan 
 

Taiwan 
 

China 

𝐶𝐶1 F MG F MP P VG VG F 
𝐶𝐶2 EG VG MP F EG EG MP EG 
𝐶𝐶3 MG F F MG MP MG EP MG 
𝐶𝐶4 EP P EG VG VG VG MP MG 
𝐶𝐶5 EG VG EP EP MP P MP EG 
𝐶𝐶6 MG MG P EP EP MG P EP 
𝐶𝐶7 F EG MG F F MP F P 
𝐶𝐶8 MP F MG VG VG F P MG 

 Expert 7’s opinion Expert 8’s opinion 
South 
Korea  

Japan 
 

Taiwan 
 

China South 
Korea  

Japan 
 

Taiwan 
 

China 

𝐶𝐶1 MP F VG P VG G P MP 
𝐶𝐶2 MG VG MP MP F EG MG MP 
𝐶𝐶3 EG F MG EG MG VG MG VG 
𝐶𝐶4 EP P F F F F EG VG 
𝐶𝐶5 EG MG MP EP MG EG F VG 
𝐶𝐶6 EP F EP P VG MG EP MP 
𝐶𝐶7 EP MP EG P MP EG VG MG 
𝐶𝐶8 EP VG P VG P VG F P 

 Expert 9’s opinion     
South 
Korea  

Japan 
 

Taiwan 
 

China     

𝐶𝐶1 EG G MG MG     
𝐶𝐶2 F EG MP MP     
𝐶𝐶3 F MG F VG     
𝐶𝐶4 MP MP VP MG     
𝐶𝐶5 G MP MP P     
𝐶𝐶6 VG EG EP EP     
𝐶𝐶7 P P F F     
𝐶𝐶8 MG VG VG EG     

 
Step 4. Calculate weight (importance) of each criterion 

In this work, we use entropy method (Refer to equation 7) to 
calculated weight of each criteria. Analysis result can refer to 
Table 5. 

Table 5: Weight of each criterion 
Criteria 𝐶𝐶1 𝐶𝐶2 𝐶𝐶3 𝐶𝐶4 

Weight 0.1246 0.1902 0.1600 0.1190 
Criteria 𝐶𝐶5 𝐶𝐶6 𝐶𝐶7 𝐶𝐶8 
Weight 0.0656 0.1043 0.0906 0.1457 

In this study, the rank of each research target (region) in 
medical tourism industry is decided by VIKOR method. The 
advantage of VIKOR is that VIKOR can solve decision problems 
with conflicting criteria. In this research, medical ability (𝐶𝐶2) and 
medical service speed in hospital (𝐶𝐶7 ) are conflicting criteria. 
Industry image (𝐶𝐶1) and medical cost (𝐶𝐶4) are conflicting criteria. 

Step 5. Calculate PIS and NIS 

Positive ideal solution (PIS) is the ideal status for medical 
tourism industry in Asia. On the opposite direction, negative ideal 
solution the worst status for medical tourism industry in Asia. PIS 
and NIS are reference points used to evaluate performance of each 
medical tourism industry (research target). Equation 8 and 
equation 9 are employed to calculate PIS and NIS. Analysis result 
can refer to Table 6. 
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Table 6: PIS and NIS 

PIS 𝐶𝐶1 𝐶𝐶2 𝐶𝐶3 𝐶𝐶4 
0.7344 0.9688 0.9219 0.7969 
𝐶𝐶5 𝐶𝐶6 𝐶𝐶7 𝐶𝐶8 

0.7656 0.7500 0.7344 0.8438 
NIS 𝐶𝐶1 𝐶𝐶2 𝐶𝐶3 𝐶𝐶4 

0.5156 0.5781 0.5625 0.4219 
𝐶𝐶5 𝐶𝐶6 𝐶𝐶7 𝐶𝐶8 

0.4688 0.1719 0.4688 0.6406 
 
Step 6. Calculate total performance of research target 𝑆𝑆𝑖𝑖 and the 
individual regret value of research target 𝑅𝑅𝑖𝑖 . 

Total performance of research target 𝑆𝑆𝑖𝑖  means the entire 
performance of research target 𝑇𝑇𝑖𝑖 . Individual regret value of 
research target 𝑅𝑅𝑖𝑖  means the maximum regret degree of experts 
if he/she select research target 𝑇𝑇𝑖𝑖 .   𝑆𝑆𝑖𝑖 and 𝑅𝑅𝑖𝑖 separately represents 
performance analysis result of research target based on different 
analysis direction. Equation 10 and equation 11 are employed to 
calculate  𝑆𝑆𝑖𝑖 and 𝑅𝑅𝑖𝑖. Analysis result can refer to Table 7. 

Step 7. Calculate Q value 

 In this research, decision parameter v is set up as 0.5. We 
consider that the evaluation index  𝑆𝑆𝑖𝑖 and 𝑅𝑅𝑖𝑖 is important equally. 
Equation 12 are employed to calculated Q value. Analysis result 
can refer to Table 7. According to analysis result, the rank of each 
region is 𝑇𝑇2>𝑇𝑇1>𝑇𝑇3>𝑇𝑇4 . The competitiveness rank sequence of 
medical tourism industry in Asia is Japan, South Korea, Taiwan 
and China. 
 

Table 7: Total performance, individual regret value, Q value and rank among 
each medical tourism industry in Asia 

 South 
Korea 
(𝑇𝑇1) 

Japan 
(𝑇𝑇2) 

Taiwan 
(𝑇𝑇3) 

China 
(𝑇𝑇4) 

Total 
performance 
of research 
target 𝑆𝑆𝑖𝑖 

0.5795 0.1897 0.6310 0.6758 

Individual 
regret value of 
research target 
𝑅𝑅𝑖𝑖 

0.1457 0.0974 0.1674 0.1902 

Q value 0.6612 0.0000 0.8310 1.0000 
Rank 2 1 3 4 

 
Step 8. SWOT Analysis 

 According to experts’ opinion (Refer to Figure 3), Taiwan 
medical industry possesses some strength is the dimension of 
medical cost (𝐶𝐶4 ) and medical service speed in hospital (𝐶𝐶7 ). 
However, Taiwan medical industry should take effort in the 
dimension of medical industry image (𝐶𝐶1), medical ability (𝐶𝐶2) 
and telemedicine ability (𝐶𝐶3). Medical ability and telemedicine 
ability of Taiwan medical industry will influence foreigners’ 
medical industry image for Taiwan. Because volume of medical 
tourism traveler per year (𝐶𝐶6 ) in Taiwan is relatively small, 
Taiwan possesses high growth space to develop in the medical 
tourism market. Compare with south Korea, Japan and China, 

Taiwan lack scale economics in medical industry because 
financial status in hospital and travel agency (𝐶𝐶5 ), maximum 
service volume in region ( 𝐶𝐶8 ) is relatively small. The 
disadvantage of scale economics in Taiwan will cause that it is 
hard to reduce Taiwan’s overall medical costs and is not easy to 
enhance Taiwan’s overall medical industry image (Refer to Table 
8). 
 

 
Figure 3: Rank of each region among different dimension 

Table 8: SWOT analysis for Taiwan medical tourism industry 

Strengths  
(1) Medical cost is relatively 
cheap. 
(2) Medical service speed is 
relatively fast. 

Weaknesses  
(1) Taiwan medical industry 
image from tourism traveler 
is relatively less well-
known. 
(2) Medical ability is weak. 
(3) Telemedicine ability is 
weak. 

Opportunities 
(1) Volume of medical tourism 
traveler is relatively small. 
 

Threats 
(1) Financial status in 
hospital and travel agency is 
relatively small 
(2) Maximum service 
volume in region is 
relatively small 

5. Management Implementation 

According to experts’ opinion, Taiwan possesses high growth 
space to develop in the medical tourism market because medical 
cost in Taiwan is relatively cheap which can attract some 
foreigner whose economics ability is not good enough to receive 
high price medical service in Japan or South Korea. There are 
some policies which can promote the competitiveness for Taiwan 
tourism medical industry. 

5.1. Increase volume of medical students each year 

There are only 1,300 new students who can enter to study 
department of medicine in Taiwan each year. Under this total 
control policy, although Taiwan can maintain high medical 
standards, it cannot improve Taiwan's medical energy to meet the 
needs of additional medical services for foreign patients. 

5.2. Build overseas medical zone 

Taiwan has implemented universal health insurance. Therefore, 
Taiwan citizen can use low-cost medical services. However, the 
purpose of developing medical tourism industry is to increase 
Taiwan’s overall GDP. It is unfair to Taiwan citizens if charging 
standards for foreign patients and Taiwan citizens are the same. 
Doctor and nurse should use English to serve foreign patients. 
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This is also a language threshold to develop medical tourism 
industry.  

In order to compete with foreign medical institutions, this study 
suggests that Taiwan should set up an overseas medical zone. The 
hospitals in the zone are dedicated to treating foreign patients. It 
is beneficial to the development for Taiwan's medical tourism 
industry. 

5.3. Development of telemedicine technology 

The occurrence of COVID-19 in 2019 has caused the 
stagnation of the tourism industry in various countries around the 
world. This event has also affected the development of medical 
tourism. The medical tourism industry needs to maintain 
relationship with foreign patients. Telemedicine technology is an 
important means for hospitals to maintain relationship with 
foreign patients when international tourism activity cannot be 
implemented during 2019-2020. Taiwan's medical tourism 
industry should strengthen and improve telemedicine technology. 

5.4. Develop overseas free clinic activities 

Taiwan’s medical industry is less well-known than south Korea 
and Japan. Taiwan should go to various countries in southeast 
Asia and central Asia for free consultations. This will not only 
enhance Taiwan’s medical industry image but also increase the 
potential patience source for Taiwan’s medical tourism industry. 
The world's low-end industrial manufacturing order may move 
from China to various countries in southeast Asia and central Asia. 
Therefore, people from countries in southeast asia and central asia 
will gradually have the ability to travel to Taiwan for receiving 
medical service. 

6. Conclusion 

     Medical tourism is very important industry in many countries. 
A novel framework for evaluating competitiveness of medical 
tourism industry has been designed in this research. South Korea, 
Japan, Taiwan and China are selected as research target to 
evaluate their competitive ability. According to analysis result, we 
find out that Taiwan’s medical tourism competitiveness falls in 
backward group. So, Taiwan government should provide more 
resource to improve its medical tourism competitive ability for 
developing medical tourism industry especially some citizen in 
other country such as America has high motivation to go abroad 
for medical treatment because medical expenses is too expensive 
in America. So, this research provides four suggestion to Taiwan 
government. 

In the future, relative scholar can use this model to evaluate 
competitiveness of medical tourism industry among Asian 
countries and European countries. Scholar can analyze how the 
cultural difference can influence the rank of medical tourism 
competitiveness. 
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