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ABSTRACT 

An appropriate medical region must be selected before establishing a new hospital. Once established, a hospital may 
bring many medical doctors and facilities to the area. Not only can the distribution of medical resources in that area be 
influenced, but also competition among different hospitals can be enhanced. The government needs to consider the is-
sue of medical resource distribution; therefore, medical region selection has important policy implications. This study 
uses data envelopment analysis (DEA) to establish the effective indicators, and also uses an expert system on the equal-
ity of medical resource distribution to identify medical areas lacking medical resources and where there is relatively 
less competition. As a result, this study can provide the necessary information to facilitate the choice of region for a 
new hospital. This method not only avoids assigning a hospital to a medical region where there are surplus resources, 
but it can also reduce the risk of excessive competition. 
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1. Background 

Prior to the establishment of the National Health Insu- 
rance system, there were 716 hospitals and 61,105 acute 
beds in Taiwan. However, by 2006, the number of hos-
pitals was reduced by 193 to 523, whereas the number of 
acute beds had increased by 11,827 to 72,932 [1]. This 
development indicates the tendency for hospitals to con-
tinue to expand to obtain higher medical payments [2]. 

The government adopted a hands-off approach to phy-
sician training and hospital management until the estab-
lishment of the Department of Health, Executive Yuan, 
in 1971 [3]. Taiwan is divided into 17 different health- 
care districts, and relevant criteria for assessing medical 
resources are also established by the Department of Heal- 
th [4]. According to the standard developed by the De-
partment of Health for medical districts without suffi-
cient medical resources (defined as districts with less 
than 20 general sickbeds per 10,000 population), no 
medical districts lacked medical resources as of 2006, 
except the medical area of Yulin County, which probably 
had 25 general sickbeds per 10,000 population. Thus, 
most districts have over 30 general sickbeds per 10,000 
population; half of these have a sufficient amount of  

medical resources, with over 60 general sickbeds per 
10,000 population. Hospitals established in districts with 
sufficient medical resources immediately suffer not only 
excessive competition in health-care markets, but also 
barriers to expansion or the establishment of new hospi-
tals [3]. Moreover, the Department of Health has been 
developing a new project called the “Global Budget Sys-
tem” since 1998, in which annual total medical expendi-
ture is calculated based on medical-care payments for 
each person and the actual number of medical insurance 
objects [5]. Besides the payment of total medical claims 
for general hospitals, payment for dentists, Chinese 
medicine doctors, and family doctors exists on a different 
basis. Therefore, if an inappropriate medical district is 
selected, one might simultaneously face several problems; 
for example, greater competition and a lower average 
payment value. Furthermore, since medical services are 
not mobile, and patients must attend hospitals in person, 
careful medical district selection has become a key issue 
for those establishing new hospitals. Once established, a 
hospital may bring many medical doctors and facilities to 
the area, which strongly influences the distribution of 
medical resources, and competition among different hos-
pitals can be enhanced. Therefore, choice of the medical 
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area for a new hospital has important policy implications. 
When the market is in balance, all doctors share the 

same effective demand. Similarly, it is wise for doctors 
to establish their practices in areas with a low density of 
doctors per capita to equalize distribution [6]. Additiona- 
lly, Newhouse et al. [7] found that cities with smaller 
populations could be considered only after the number of 
doctors in urban areas reaches a certain ratio. Economic 
capability in the medical market may, therefore, pro-
foundly affect doctors’ choices of where to locate their 
practices. Chiang [8] noted that the reason remote areas 
have fewer doctors is not because of the unequal distri-
bution of medical resources, but rather because consi- 
derable room remains in cities for new market entrants. 
Thus, more doctors are needed to ensure that remote ar-
eas have sufficient medical resources and services. The 
only way to solve the problem of insufficient numbers of 
doctors in remote areas is to increase the supply of doc-
tors. In Taiwan, for example, the Taiwanese government 
is trying to provide more doctors to remote areas by in-
creasing the quota for medical students and also promo- 
ting the Medical Group Practice Center [3]. Because of 
this successful medical policy, the number of doctors has 
increased from 24,399, before the implementation of the 
health-care project in 1994, to 34,864 in 2006; an in-
crease of 10,465 (about 43%) in 12 years [9]. Intensify-
ing competition among doctors in the medical market can 
be a problem; thus, doctors must seriously consider 
whether they should locate their practices in a medical 
district with a smaller number of doctors to avoid exces-
sive competition. 

In economics, the market concentration ratio is widely 
used to measure the degree of competition [10], particu-
larly the Herfindahl index, which is used to calculate the 
square of the total occupancy rate of all hospitals in the 
market. Competition increases with decreasing Herfin-
dahl index [11]. In a medical district with a population of 
10,000 people, when the Herfindahl index drops to 100 
(from 1000), the number of doctors increases from 10 to 
100, but the occupancy rate of each doctor remains un-
changed; i.e., the degree of competition increases. Thus, 
capacity must be calculated before a new hospital is es-
tablished. Furthermore, the capacity itself, the number of 
doctors, and the amount of additional medical resources 
in this market must also be considered. 

The quantity of medical resources in a medical district 
can be measured by analyzing whether it has an equal 
distribution of medical resources when compared with 
other related medical districts. If a medical district suf-
fers from an unfair distribution of medical resources, it 
might be a suitable location for establishing a new hos-
pital. Two methods are commonly adopted for measuring 
equality, namely the proportional method and the index 
method [12]. Regardless of which method is used, nu-
merous different metrics or criteria must be considered in 

the data. Furthermore, unless a medical district exists 
having its entire metrics superior to those of other dis-
tricts, it will be extremely difficult to evaluate and justify 
districts which are superior to others, without using any 
weightings or transfer functions. Due to the limitations of 
traditional methods, the major purpose of this study was 
to establish a Performance Index using Data Envelop-
ment Analysis (DEA), in which the Performance Index is 
adopted to evaluate the equality of distribution of medi-
cal resources in a medical district. The DEA model can 
provide an objective and fair solution to the above pro- 
blem without requiring any presuppositions [13]. 

The function of the expert system lies in offering, 
judging, explaining, and making policy decisions to the 
specific field question [14], and compared with a human 
expert, the expert system has several beneficial charac-
teristics: no time restrictions, low cost of operation, ease 
of distribution and duplication, consistency, ability to 
deal with time-consuming or complicated problems, and 
can be adapted to specific fields [15]. The question of 
medical region selection for new hospitals is complicated, 
and thus an expert system can perform better than a hu-
man expert. 

This study used data envelopment analysis (DEA) to 
establish the effective indicators and to help choose the 
correct expert system. In particular, this study used the 
relevant medical care materials and the peoples’ aware-
ness of accessibility of medical treatment in 2006, and 
then applied the DEA method to identify the equality of 
medical resource distribution in Taiwan, to understand 
which medical areas lack medical resources, have rela-
tively less competition, and in which, therefore, it is ap-
propriate to add medical resources. This study may pro-
vide the necessary information to facilitate the choice of 
region for placement of a new hospital, avoiding place-
ment in a medical region with a medical resource surplus, 
and reducing the risks associated with excessive compe-
tition. 

2. Literature Review 

Five definitions are most frequently quoted for equity of 
health-care distribution [16-21], as follows: equality of 
choice sets, equality of access, equality of expenditure, 
equality of needs, and equality of health. 

2.1 Equality of Choice Sets 

This means that all individuals should be provided with 
identical sets of choices [16,17]. This idea is similar to 
the theory of Penchansky and Thomas [22] regarding 
availability of enough doctors, hospitals, and equipment. 
This study measures choice set equality based on the 
percentage of doctors and acute beds; the number of 
choice sets increases with increasing percentage. When 
medical care facilities are established in districts with 
fewer choice sets, Phelps’ spatial theory, which holds 

Copyright © 2010 SciRes.                                                                                    iB 



An Expert System Approach to Medical Region Selection for a New Hospital Using Data Envelopment Analysis 130 

that doctors would like to run their practices in sparsely 
populated areas, is demonstrated. Similarly, medical in-
stitutes face reduced competition as the number of choice 
sets decreases. 

2.2 Equality of Access 

This means that all individuals have equal access to 
medical care. Access not only indicates the convenience 
of obtaining medical care for all individuals, but also 
demonstrates the relationship between people and sites of 
medical care. For example, access involves distances and 
traffic problems [22]. Equality of access thus improves 
with decreasing distance. This study measures the equa- 
lity of access based on the percentage of doctors, the 
length of road, and the percentage of the people able to 
obtain medical treatment within an acceptable time, with 
a higher value representing higher accessibility. Action 
[23], Coffey [24] and Cauley [25] indicated that the time 
taken to get medical treatment influences consumers’ 
medical demand. When the distance and time to obtain 
medical treatment are long, then the demand for medical 
treatment is very low. Using a questionnaire survey, one 
can identify the time delay that consumers find accepta- 
ble for obtaining medical treatment. When a medical 
institute chooses a medical area with lower accessibility, 
it is in agreement with D’Aspremont et al. [26], who 
indicated that factory dealers try their best to be far away 
from each other, the so-called principle of maximum 
differentiation. In addition, by choosing a medical area 
with lower accessibility, consumer demand will also in-
crease, and there will not be much competition for medi-
cal facilities. 

2.3 Equality of Expenditures 

This means medical care is distributed fairly among dif-
ferent individuals. Outpatient services and hospitalization 
charges are generally included in medical expenditures. 
Two indicators, average expenditure on outpatient ser-
vices and average expenditure on hospitalization, are 
used to measure expenditure equality. A higher value 
indicates that each person’s expenditure is higher. One 
does not use the percentage of doctors (western medi- 
cine) as an indicator of expenditure on outpatient ser-
vices or the percentage of acute beds as an indicator of 
expenditure on inpatient services because these two in-
dicators cannot tell us the differences that arise from re-
gional differences in the number of people seeking 
medical treatment or differences in each person’s hospi-
talization cost. On the other hand, the average of each 
person’s outpatient expenditures and the average of each 
person’s inpatient expenditures can account for the dif-
ference in the number of people. In addition, after Tai-
wan implemented the Global Budget System, patient’s 
expenditures after seeking medical advice were paid by 
the Bureau of National Health Insurance [27], so the re-

lationship with the number of patients is diminished [28]. 
Furthermore, in a medical region with a large number of 
doctors, more doctors’ increasing demand, thus increas-
ing outpatient numbers, which increases each person’s 
average expenditure on medical treatment [29]. Thus, in 
medical regions with higher average individual expendi-
tures on medical treatment, the number of doctors will be 
higher, resulting in relatively high competition. 

2.4 Equality of Needs 

Equality of needs means that medical resources should 
be distributed based on public need. Sometimes, neces-
sity can be defined as obtaining or maintaining high-level 
medical services. Generally, medical treatment can be 
considered as health-care provided based on the medical 
knowledge of doctors and professionals [30,31]. In fact, 
when the unit of medical service is used to assess the 
need for medical treatment, the commonly applied 
methods include times of outpatient service, hospitaliza-
tion, or surgery. Two indicators, percentage of doctors 
providing outpatient services and percentage of acute 
beds, are used to measure equality of needs. A higher 
value represents a greater amount of medical resources 
that the medical demands obtain each time. When a hos-
pital chooses an area with lower medical resources, and 
the difference in the amount of medical treatment is con-
sidered, the effective demand should be the same for 
each doctor [12]. Similarly, when a medical institute is 
established in a region with lower medical resources, the 
competition is relatively low for the medical demands of 
each person. 

2.5 Equality of Health 

This means that the distribution of medical resources 
must result in all persons having equal health status, as 
reflected by life expectancies, death rates, infant death 
rates, and rates of injury and sickness. Owing to the ele-
ments of care that influence health status, numerous other 
relevant physiological and social factors can be identified 
[32]. Male and female survival rates are two indicators 
used to measure health equality. A higher value repre-
sents better health status in a medical area. Since non-
profit hospitals do not consider maximizing profit their 
main purpose, and they obtain their funds through chari-
table contributions or government subsidies, nonprofit 
hospitals can always manage [12]. The nonprofit hospital 
exists, as stated by Weisbrod [33], because there are 
some unmet demands for medical treatment; when the 
service provided is less than that required by society, 
people will organize a nonprofit hospital in order to offer 
services to provide the needed services. Thus, nonprofit 
hospitals must consider health equality as one of the 
standards used to determine where they should be esta- 
blished. A medical region that has a worse health status 
needs a nonprofit hospital. 
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The definition of the equality of distribution for medi-
cal resources indicates that non-profit hospitals should 
consider all five dimensions. Since for-profit hospitals do 
not always have to assume a major social responsibility, 
they only need to consider the first four dimensions. 

3. Methods 

The proportional and index methods are the most com-
mon methods of measuring equity. When the propor-
tional method is used to distribute health care, the medi-
cal insurance expenditures among different groups can be 
adopted to compensate for the percentage differences 
[34]. The index method is the most frequently quoted 
method to measure equality; for example Van Doorslaer 
et al. [35] and Schalick et al. [36]. Wagstaff et al. [37] 
discuss three indices: “the disease centralization index, 
the centralization index of medical treatment expendi-
tures, and the index of fairness.” This permits us to mea- 
sure the degree of inequity in medical resources in ad-
vance. However, regardless of the method used, both 
methods (proportional and index) are only capable of 
dealing with single targets. When several indices are 
measured simultaneously, as in the present study, one 
weighted set or alternatively a transfer function must be 
provided. Additionally, the weighted set and the function 
choice are considered subjective. 

The DEA model provides a single objective and fair 
method that does not require setting default weights to 
solve problems involving multiple objectives. Further-
more, the proposed method has good unit invariance. The 
earliest DEA model uses efficiency as the evaluation 
basis [38]. n decision management units (DMUs) ( j
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where  represents technical efficiency, and Equation 

(1) is the input-oriented CCR model. Consequently, the 
efficiency of this equation is also known as “input based 
efficiency.” Furthermore, output can also be taken as the 
output-oriented CCR model, which can be presented as 
follows: 
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where the value of o  is termed the “output based effi-

ciency.” The relation between input and output based 

efficiency can be represented as
1
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Chang et al. (1995) explained measurement effective-
ness by implementing the CCR model. When the input in 
Equation (2) is set to 1jX , the output-oriented CCR 

model with a constant input should be: 
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The effectiveness is the reciprocal of efficiency, o , 

by calculating Equation (3) namely 
1

o
o




 . That is, 

when all DMU inputs are constants, the output-oriented 
DEA model equals the relative efficiency measured 
based on outputs. According to its meaning in manage-
ment, it can be explained as “value the target unscrupu-
lously”. Unscrupulousness here does not mean ignoring 
efficiency but instead stresses the macro-perception for 
measuring environmental change and developing a strat-
egy for seeking long-term efficiency [39]. 

4. Research Process 

This study implemented the DEA method by analyzing 
the equality of distribution of medical resources using 
four (for-profit hospitals) and five (nonprofit hospitals) 
dimensions, respectively. Furthermore, to avoid losing 
the meaning of performance value, in which too many 
DMUs, resulting from performance assessment, contri- 
bute to a performance value of 1, every effort should be 
made to ensure that the relationship between the number 
of DMUs and the number of input-output items meets the 
experience principle: namely, the number of DMUs is 
three times that of input-output items [40]. 

m

os s s  


  

   

        s  

However, in this study, the DMU contains 16 medical 
districts (with Keelung City belonging to the same 
medical district as Taipei City and Taipei County), and 
the evaluation index contains eight items for for-profit 
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hospitals and ten items for nonprofit hospitals. Therefore, 
the ratio index can be considered the criterion for evalu-
ating the development of each medical district, where 
Table 1 illustrates the definition of each index. Although 
the experience principle is not always met, the major 
goal of this study was still to determine which medical 
districts have insufficient medical resources. It is ex-
tremely satisfying to obtain an analysis result in which 
few DMUs have a performance value of 1. This study 
used the DEA to build the structure for an expert system 

of assessment, as in Figure 1. 
The relevant data from the “Health and Vital Statis-

tics”, “Statistical Yearbook of the Highway Bureau”, and 
“National Health Insurance Statistics” for 2006 were 
gathered [1,41]. The percentage of people who can ob-
tain medical treatment within an acceptable time, which 
is part of the equality of access indicator, was determined 
from a questionnaire survey conducted by the Depart-
ment of Health, which identified the time delay that con-
sumers find acceptable for obtaining medical treatment. 
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Figure 1. Structure of the equality of medical resources distribution 
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Table 1. Index for measuring health care distribution equity 

Dimension Index Formula 

Percentage of doctors with training in western  
medicine (ten thousands) The number of doctorspopulation (person)  1000 

Equality of choice sets 

Percentage of acute beds (ten thousands) The number of acute beds ÷ population (person)  1000 

Percentage of doctors along a 10-km length of road The number of doctors  the length of the road (km)   10 

Equality of access 
Percentage of people who can obtain medical  
treatment within an acceptable time 

Percentage of people who can obtain medical treatment within an 
acceptable time the number of people studied (persons)   100 

Average expenditure on outpatient services  
(thousand dollars) 

Man-time in outpatient services   the average expenditure on 
outpatient services (dollars)  1000 population (persons) 

Equality of expenditures 

Average expenditure on hospitalization  
(hundred dollars) 

The number of hospitalizations   the average expenditure of 
hospitalization 100  population (persons) 

Percentage of doctors providing outpatient services The number of doctors  man-time in health insurance   1000 
Equality of needs 

Percentage of acute beds in total hospitalization The number of acute beds  the number of hospitalizations 
1000 

Male survival rate (1–death rate of male)   100 
Equality of health 

Female survival rate (1–death rate of female)   100 

Source: Department of Health, Health and Vital Statistics [1] 

 
A telephone questionnaire survey was conducted, using 
stratified percentage systematic sampling; 3,269 people 
were included in the sample. The equality index of the 
distribution of medical resources for each medical district 
was calculated based on the formula in Table 1, and the 
observed values are listed in Table 2. 

The Department of Health currently divides Taiwan 
into 17 medical areas and 63 medical sub-areas. This divi- 
sion is based on the principle of regarding adjacent coun-
ties and cities as single areas [4]. For example, Taipei 
city and Taipei County are included in the same area. 
However, given that Keelung City is geographically sur-
rounded by Taipei County, it seems sensible to also in-
clude it in the Taipei city and county medical area. Thus, 
this study analyzed 16 medical areas rather than 17. 

The Department of Health directly signs insurance 
contracts with hospitals/clinics, but not with individual 
doctors. Doctors are allowed to simultaneously work for 
hospitals/clinics both within and outside the NHS system, 
so it is extremely reasonable to use the Department of 
Health figure for the number of hospitals. However, in-
dividuals who participate in the National Health Insu- 
rance system in specific areas are not necessarily resi-
dents of those areas, so a significant difference exists 
between the number of individuals insured under the 
NHS and the number of residents in an area. Thus, to 

avoid misunderstanding, data gathered by the Depart-
ment of Health shows a rather high ratio of the insured. 

5. Discussions 

Based on Equation (3) in this study, Table 3 shows the 
analysis for the 16 medical districts. The closer the per-
formance value calculated using Equation (3) is to 1, the 
fairer is the distribution of medical resources in that dis-
trict, resulting in more sufficient medical resources. How- 
ever, when the performance value is less than one, in-
cluding situations where it is much less than 1, that dis-
trict has an unfair distribution of medical resources, lea- 
ding to greater insufficiency. Therefore, if the efficiency 
value of all medical districts is near 1, the distribution of 
medical resources in each district is fair. Table 3 shows 
that, whether from the perspective of for-profit or non-
profit hospitals, medical districts with fair distribution of 
(i.e., sufficient) medical resources in 2006 included Tai- 
pei (Taipei City, Taipei County, and Keelung City), 
Yilan County, Taichung (Taichung City, Taichung 
County) and Peng-hu County. Based on the results of this 
study, it is not wise to establish a new hospital in a dis-
trict with sufficient medical resources, regardless of 
whether it is a for-profit or nonprofit hospital. Establish-
ing a new hospital in such an area means that it will face 
excessive competition. 

Copyright © 2010 SciRes.                                                                                    iB 



An Expert System Approach to Medical Region Selection for a New Hospital Using Data Envelopment Analysis 134 

 

 

Copyright © 2010 SciRes.                                                                                    iB 



An Expert System Approach to Medical Region Selection for a New Hospital Using Data Envelopment Analysis 135 

Table 3. Efficiency values and their ranks of distribution in medical treatment of each medical area in Taiwan 

For-profit hospital Nonprofit hospital 

Medical region 
2006 Efficiency 

value 
2006 Rank of 

Medical resources
2006 Efficiency 

value 
2006 Rank of 

Medical resources

Taipei (Taipei City, Taipei County and Keelung City) 1.0000 1 1.0000 1 

Yilan County 1.0000 1 1.0000 1 

Tyoyuan County 0.9823 6 1.0000 1 

Hsinchu (Hsinchu City and Hsinchu County) 0.9368 13 0.9981 10 

Miaoli County 0.9752 7 1.0000 1 

Taichung (Taichung City and Taichung County) 1.0000 1 1.0000 1 

Changhua County 0.9462 11 0.9974 13 

Nantou County 0.9353 14 0.9994 7 

Yunlin County 0.9859 5 0.9993 8 

Jiayi (Jiayi City and Jiayi County) 0.9717 8 0.9978 11 

Tainan (Tainan City and Tainan County) 0.9336 15 0.9960 16 

Kaoshong (Kaoshong City and Kaoshong County) 0.9433 12 0.9968 15 

Pingdong County 0.9544 9 0.9974 12 

Taidong County 0.9511 10 0.9985 9 

Hwalian County 0.9225 16 0.9969 14 

Penghu County 1.0000 1 1.0000 1 

 
Additionally, if the performance values of individual 

medical districts are all close to 1, from the perspective 
of nonprofit hospitals, the distribution of medical re-
sources in each medical district will be abundant, which 
seems clearly different from the perspective of for-profit 
hospitals. This situation applies because, regardless of 
the differences between medical districts in terms of 
medical resources, these differences have almost no ef-
fect on their survival rate. The Department of Health 
defines districts with less than 20 sickbeds per 10,000 
people as having insufficient medical resources. The 
present study found that, of the 16 medical areas, the 
fewest acute beds were found in YunLin County (20.76 
beds per 10,000 people) in 2006. Thus, no medical dis-
trict in Taiwan has insufficient medical resources. 

Notably, although Jiayi and Penghu Counties were as-
sessed as having insufficient medical resources, the per-
formance values of PengHu Counties in 2006 were 1.00, 
suggesting that the medical resources in Penghu Counties 
are sufficient. The government has regarded Jiayi county 
as seriously lacking medical resources, but if one exa- 
mines Jiayi (Jiayi City and Jiayi County) medical area, 
the medical resources have already been improved. 
Careful investigation shows that the number of doctors in 
Jiayi County increased 54% from 1997 to 2006, while 
the number of emergency sickbeds increased 66%. 
Therefore, upgrading the number of doctors and hospital 

facilities appears highly effective in maintaining suffi-
cient medical resources. Particularly after “God’s Help 
Hospital” was expanded and the Buddhist Tzu-Chi Dalin 
General Hospital and Chang Gung Memorial Hospital 
were established, Jiayi County appears to have already 
achieved sufficient medical resources. Penghu County is 
a separate island located off the coast of Taiwan, and the 
local government has been continuously and progres-
sively promoting and implementing the “Integration 
Medical Service Outsourcing Project for Off-shore Is-
lands Area of Penghu County,” which provides inte-
grated medical services, including outpatient services, 
emergency treatment, health-care planning, home health- 
care interviewing services, health education programs, 
and a patient referral system based on outsourcing and 
multiple solutions, thus helping maintain sufficient 
medical resources. In Penghu County, from 1997 to 2006, 
increases were achieved of 30% in the number of doctors, 
30% in the number of outpatients, and 65% in the aver-
age outpatient service fee. 

From the perspective of for-profit hospitals, the ranks 
of medical districts with the greatest insufficiency of 
medical resources in 2006 were Hwalian County, Tainan 
(Tainan City and Tainan County), Nantou County, Hsin- 
chu (Hsinchu City, Hsinchu County), Kaoshong (Kao- 
shong City and Kaoshong County), Changhua County, 
Taidong County, Pingdong County, Jiayi (Jiayi City and 
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Jiayi County), Miaoli County, Tyoyuan County, and 
Yilan County. From Figure 2, according to the first quar-
tile (Q1 = 0.9384), second quartile (Q2 = 0.9631), and 
third quartile (Q3 = 0.9965) of relative efficiency value, 
the 16 regions can be grouped into four areas. In the first 
group are those areas with sufficient medical resources 
(Taipei (Taipei City, Taipei County, Keelung City), 
Yilan County, Taichung (Taichung City, Taichung Coun- 
ty) and Penghu County). The second group is those areas 
of insufficient medical resources (Jiayi (Jiayi City, Jiayi 
County), Miaoli County, Taoyuan County and Yunlin 
County) with a relative efficiency value between the 
second quartile (Q2, 50%) and the third quartile (Q3, 
75%). The third group is those areas of scant medical 
resources (Kaoshong (Kaoshong City, Kaoshong Coun- 
ty), Changhua County, Taidong County and Pingdong 
County) with a relative efficiency value between the first 
quartile (Q1, 25%) and the second quartile (Q2, 50%). 
The fourth group is those areas with serious insufficiency 
of medical resources (Hwalian County, Tainan (Tainan 
City, Tainan County), Nantou County, and Hsinchu 
(Hsinchu City, Hsinchu County)), with a relative effi-
ciency value less than the first quartile (Q1, 25%). 

Using non-parametric methods, the Mann-Whitney 
test and the Kruskal-Wallis test, it was found that the me- 
dical efficiency values among the four groups was sig-
nificantly different, (Mann-Whitney P = 0.001; Kruskal- 
Wallis P = 0.002), which implies an unfair medical re-
source distribution among the four groups. Though the 
second group ((Jiayi (Jiayi City, Jiayi County), Miaoli 
County, Taoyuan County, and Yunlin County) has an 
acceptable level of medical resources, they are not suffi-
cient. The third group (Kaoshong (Kaoshong City, Kao- 

shong County), Changhua County, Taidong County and 
Pingdong County) has scant medical resources – less 
than the average level – and needs to improve as quickly 
as possible. The fourth group has a serious insufficiency 
of medical resources (Hwalian County, Tainan (Tainan 
City, Tainan County), Nantou County and Hsinchu 
(Hsinchu City, Hsinchu County)), and also needs to im-
prove as quickly as possible. Thus, for-profit hospitals 
should regard this area of very poor medical resources as 
a priority area to establish new medical facilities where 
they will not face excessive competition. 

In fact, it is difficult to consider Hsinchu medical dis-
trict as a place with insufficient medical resources, be-
cause of its high-tech industry image. But the “biomedi-
cal garden” of Hsinchu County has already been classi-
fied as 1 of 12 construction projects in the Loving Tai-
wan plan in 2008, and building is to commence in 2009, 
which should improve the medical resources of the 
Hsinchu area in the future. Other areas with insufficient 
medical resource include Nantou County, Hwalian 
County, Taidong County, and Pingdong County. In par-
ticular, Nantou County, Hwalian County, Taidong 
County, and Pingdong County have poor medical re-
sources in remote areas of all four counties; the hospital 
centers are in the city, which results in large differences 
in accessibility to medical treatment. The government 
always classifies Jiayi County, Penghu County, and 
Yunlin County as areas that need early improvement, but 
only the medical resources in Penghu County have been 
effectively improved, suggesting that the government has 
not been successful in improving the medical resources 
in every medical area. When selecting an appropriate  
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Figure 2. The relative efficiency of the distribution of medical treatment in every medical area of Taiwan  
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resources and the local traffic situation, which are disad-  
vantages faced by distant counties such Nantou, Ping 
location for a new hospital, the sufficiency of medical 
dong, Hwalian and Taidong County, should be the main 
considerations. Thus, the government should encourage 
the establishment of new private hospitals in Hsinchu 
(Hisnchu City, Hsinchu County), Miaoli County, Chang- 
hua County, Yunlin County, Jiayi (Jiayi City, Jiayi 
County), Tainan (Tainan City, Tainan County), and Kao- 
shong (Kaoshong City, Kaoshong County). In the cases 
of Nantou County, Pingdong County, Hwalian County, 
and Taidong County, the government still needs to offer 
sufficient incentives, for example, by providing govern-
ment scholarships to medical students, promoting expan-
sion projects for local public hospitals, and providing 
subsidies. 

6. Conclusions 

The value of this paper lies in evaluating the equality of 
the distribution of medical resources using the DEA mo- 
del, while also setting up an assessment model using an 
expert system that measures many indicators while avoi- 
ding subjective comparisons. This study is extremely 
helpful in expanding the theory of DEA modeling into a 
practical application related to medical economics and 
management policies. 

The medical regions in Taiwan with the greatest need 
to improve medical resources were listed individually 
based on the results of the DEA method. This study also 
illustrates how the DEA method may be implemented to 
assist decision-makers in avoiding risk and avoiding the 
establishment of new hospitals in medical districts with 
an excess supply of medical resources. These results may 
then provide a reference point for for-profit and nonprofit 
hospitals when selecting new hospital locations; and, for 
the government, these results are a guideline for develop- 
ing future medical policies. In particular, this study as-
sessed the equality of access indicator (percentage of peo- 
ple who can obtain medical treatment within an accepta- 
ble time) using a questionnaire survey. The purpose of 
the survey was to identify the time it took to obtain med- 
ical treatment that people found acceptable, which can 
more clearly reflect people’s perception of the accessibility 
of medical care, and serve as a convincing indicator of 
accessibility. Finally, this study proposes the following: 

1) Both the DEA method and the process mentioned in 
this study should be applicable when private medical 
institutes are seeking locations for new hospitals. These 
findings not only help to evaluate the actual differences 
before establishing new hospitals, but also to reduce un-
necessary risks resulting from excessive competition. 

2) The first priority for improvement are those areas 
with a serious insufficiency of medical resources, incl- 
uding Hwalian County, Tainan (Tainan City, Tainal 
County), Nantou County, and Hsinchu (Hsinchu City, 

Hsinchu County). Next, those areas with scant medical 
resources, including Kaoshong (Kaoshong City, Kao- 
shong County), Changhua County, Taidong County and 
Pingdong County), need improvement. Finally, areas 
with insufficient medical resources, including Jiayi (Jiayi 
City, Jiayi County), Miaoli County, Taoyuan County and 
Yunlin County, need to be addressed. 

3) Based on the study conducted here, the government 
should encourage private medical institutes to establish 
new hospitals in medical regions such as Taoyuan Cou- 
nty, Hsinchu (Hsinchu City, Hsinchu County), Miaoli 
County, Changhua County, Yunlin County, Jiayi (Jiayi 
City, Jiayi County), Tainan (Tainan City, Tainan County), 
or Kaoshong (Kaoshong City, Kaoshong County), where 
they can benefit from relatively low competition and a 
reasonable traffic situation. 

4) For regions in which traffic adversely affects acces-
sibility to medical treatment, such as Nantou County, 
Pingdong County, Hwalian County, and Taidong County, 
the government should continue providing incentives, 
such as scholarships to students, expanding the local pub-
lic hospital, and offering suitable subsidies. 

5) For medical regions with sufficient medical resou- 
rces, including Taipei (Taipei City, Taipei County and 
Keelung City), Yilan County, Taichung (Taichung City, 
Taichung County), and Penghu County, the government 
should consider delaying the establishment of new public 
hospitals and transferring public hospitals to private or-
ganizations, which would also reduce the government’s 
financial burden. 
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