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Abstract : This article develops an estimation of a model for non-surgical and
surgical medical service value for informal workers, under the social security system
in Thailand. By using the data for the year 2010, provided by the Social Security
Office, we analyzed and established the medical service value model.

The data obtained from the fuzzy clustering analysis is used in creating a
membership function in fuzzy logic. Subsequently, the result from this model,
which is compensation for medical expenses, will be considered in the estimation
of the monetary value of medical services, for informal workers. Moreover, the
result of this method gave closer estimates to the real expenses comparing to the
regression method.
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1 Introduction

Thailand has attempted to extend the social security program to cover infor-
mal workers. Their benefits aswell as the costs of the medical service. In 2010,
Pongpullponsak et al. [1] has redefined benefits on medical cost to cover informal
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workers. Based on treatment of patients, the expenses of medical services into 3
groups composing of Group I: where patients are admitted to a hospital for treat-
ment without surgery, Group II : where patients are admitted to a hospital for
surgical treatment and Group III : where patients receive treatment but are not
admitted to a hospital.

Great research has gone into creating an appropriate medical benefits for infor-
mal sector workers. In1995, Baker and Krueger [2] studied a model for estimating
costs of providing health care under workers compensation and traditional health
insurance. In 2009, Ding and Zhu [3] determined a health care demand model
based on the structure of health care delivery and health insurance systems in
China. In 2011, Galbraith and Stone [4] argued that the theoretical basis of re-
gression in the National Health Service allocation formulae has fallacious. In 2008,
Nawata et al. [5] and [6] analyzed the length of stay at the hospital by the discrete-
type proportional hazard model and that the duration of hospital stay that should
be taken into account for medical service value model.

This research has previously developed a method called the Linear Regression
is best on medical service value of informal workers in case of treatment without
surgery, used for estimating medical costs of informal workers for the social security
system in Thailand. Since the information used in the previous study is highly
uncertain, we shall use the Fuzzy Clustering method, which is a more effective
methodology that has been popularly used to deal with fuzzy or uncertain data.
In 2011, Chen et al. [7] used the fuzzy clustering method in clustering the data
of flood damage into dependent variables and independent variables. In 2012,
using the fuzzy clustering method which is based on fuzzy equivalent relation,
the data can be divided into three groups in which each data group is used in
establishing, a logistic regression model by Kumam and Pongpullponsak [8] and
[9]. In 1996, Peduzzi et al. [10] conducted a simulation study of the number of
events per variable in logistic regression analysis, using fuzzy clustering method
for data allocation. In 2012, Laura et al. [11] used logistic regression method to
analyze the volume and nature of emergency medical calls, during severe weather
events.

In analysis of medical service costs, it was found that if the uncertain data
has been used in the study, this might yield unclear results. To escape such a
problem, several researchers have adapted the principle of fuzzy for data analysis.
In 1994, Hudson [12] proposed fuzzy logic analysis for medical expert systems.
In 2011, Ho [13] developed a method for optimal evaluation of infectious medical
waste disposal companies, by using the fuzzy analytic hierarchy process. In 2005,
Bolotin [14] studied the fuzzification of linear regression models with indicator
variables in medical decision making. In 2010, Stefan [15] designated three types
of fuzzy predictions of the observed variable in the classical regression model. In
2011, Pourahmad [16] used fuzzy logistic regression based on the least squares
approach with application in clinical studies.

Therefore, the purpose of this study is to develop the cost of medical service
value for informal workers in case’s of treatment without surgery or case’s of treat-
ment with surgery. By using the fuzzy clustering method as step1 and then step



Fuzzy Analysis Methods for the Estimation of Medical Service Value Model 657

2, using the fuzzy logic method. Subsequently, the estimates obtained from using
the newly constructed model will be compared with the results from our previous
model in order to select the most appropriate estimation method.

2 Methods

2.1 The Medical Service Value Model

Case 1: patients are admitted to a hospital for treatment without surgery

Pongpullponsak [1] deduced the expected value without surgical medical ser-
vice of patients when they are admitted to a hospital for treatment (E(Cws)) as
the following formula;

E(Cws(t)) =

t∫
0

νihi(t)dνi = dt

t∫
0

νi exp(v
′
iβ)dνi, (2.1)

where E(Cws(t)) is the expected value of patients when admitted to a hospital for
treatment without surgery, vi is random variable of medical expenses of patients
ith.

Then a conditional probability that the ith patient staying in a hospital on the
tth day is function hi(t) by Nawata et al. [5, 6] in the following form:

pi(t) =


hi(t), t = 1

[
t−1∏
s=1

{1− hi(s)}]hi(t), t ≥ 2, i = 1, 2, . . . , n,
(2.2)

and

hi(t) = dtexp(v
′

iβ); t = 1, 2, 3, . . . , T, (2.3)

where n is number of patients, s is number of days staying in the hospital and
s = 1, 2, . . . , t− 1, dt is the rate of patient staying in a hospital on day tth, and β
is the regression coefficients of patient condition.

In 2000, Dennis and Wage [17] studied health insurance and pension plans to
investigate the relationship between employee compensation and small business
owner income by using regression analysis. From the equation (1) of Pongpullpon-
sak et al. [1] reported, the estimation of v

′

iβ using regression method but Kumam

and Pongpullponsak [8] and [9] estimation v
′

iβ by fuzzy regression.

Case 2: patients are admitted to a hospital for surgical treatment

Pongpullponsak [1] deduced the expected value of surgical medical service
of patients when they are admitted to a hospital for treatment (E(Cs)) as the
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following formula;

E(Cs(t)) = E(v + u) = E(v) + E(u)

= dt

t∫
0

νi exp(v
′
iβ)dνi + E(u), (2.4)

where E(v) is the expected value of non-surgical medical service of patients staying
in a hospital. E(u) is cost of surgery but will not pay more than 10,000 baht per
one visit and u is normal distribution. From (2.4), the expected value of surgical
medical service of patients, when they are admitted to a hospital for treatment as
below;

E(Cs(t)) = dt

t∫
0

νi exp(v
′
iβ)dνi +

10000∫
0

u√
2πσ

e−
1
2 (

u−µ
σ )2du, (2.5)

Since the information used in the study is uncertain, this study is separated
to analyze the data of independent variables as in the previous study by fuzzy
clustering method before using it to establish a new method by fuzzy logic. Fuzzy
clustering method is an effective methodology that has been popularly used to
deal with fuzzy or uncertain data. Chen et al. [7] used fuzzy clustering method
in clustering the data of flood damage into dependent variables and independent
variables. The result of fuzzy clustering analysis by Kumam and Pongpullponsak
[8] and [9], the data can be divided into three groups and each data group is then
used in establishing a triangular membership function and trapezoidal membership
function of independent variable.

In 2010, Stefan [15] proposed three types of fuzzy predictions of the observed
variable where unknown parameters and observations are crisp number. Therefore,
the medical services value model in equation (2.1) and (2.5) define the membership
function by interval estimation of fuzzy prediction.

2.2 The Fuzzy Logic

Definition 2.1 ([18]). (membership function) For a set A, we define a membership
function µA such as

µA(x) =

{
1, if and only if x ∈ A;
0, if and only if x /∈ A.

We can say that the function µA maps the element in the universal set X to
the set {0, 1}.

µA : X → {0, 1}.
membership function µA in crisp set maps whole members in universal set X

to set {0, 1}
µA : X → {0, 1}.
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Definition 2.2 ([18]). (membership function of fuzzy set) In fuzzy sets, each
elements is mapped to [0, 1] by membership function.

µA : X → {0, 1}.
where [0, 1] mean real numbers between 0 and 1 (including 0, 1).

Definition 2.3 ([18]). (α-cut set) The α-cut set Aα is made up of members whose
membership is not less than α.

Aα = {x ∈ X | µA(x) ≥ α}
note that α is arbitrary. This α− cut set is a crisp set.

Definition 2.4 ([18]). (Fuzzy number) If a fuzzy set is convex and normalized,
and its membership function is defined in ℜ and piecewise continuous, it is called
as ”fuzzy number”. So fuzzy number (fuzzy set) represents a real number interval
whose boundary is fuzzy (figure 1).

Figure 1: Sets denoting intervals and fuzzy numbers.

Definition 2.5 ([18]). (Triangular Fuzzy number) It is fuzzy number represented
with three points as follows:

A = (a1, a2, a3) this representation is interpreted as membership functions
(figure 2).

µA (x) =


0, x < a1

x−a1

a2−a1
, a1 ≤ x ≤ a2

a3−x
a3−a2

, a1 ≤ x ≤ a2
0, x > a3.
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Figure 2: Triangular fuzzy number A = (a1, a2, a3).

Definition 2.6 ([18]). (Trapezoidal Fuzzy number) We can define trapezoidal
fuzzy number A as

A = (a1, a2, a3, a4)
the membership functions of this fuzzy number will be interpreted as follows

(figure 3).

µA (x) =


0 , x < a1

x−a1

a2−a1
, a1 ≤ x ≤ a2

1 , a2 ≤ x ≤ a3
a4−x
a4−a3

, a1 ≤ x ≤ a2
0 , x > a4

Figure 3: Trapezoidal fuzzy number A = (a1, a2, a3).
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3 Main Results

Let X1 represent the age, X2 the gender, X3 the income, X4 the number of
medical examinations, X5 the number of family members, Y1 the medical service
value for case’s of non-surgical medical expenses of patients staying in hospital on
one day, Y2 the medical service value for case’s of non-surgical medical expenses
of patients staying in a hospital on two days, Y3 the medical service value for
case’s of non-surgical medical expenses of patients staying in a hospital on three
days, Y4 the medical service value for case’s of surgical medical expenses of pa-
tients staying in a hospital on one day, Y5 the medical service value for case’s of
surgical medical expenses of patients staying in a hospital on two days and Y6

the medical service value for case’s of surgical medical expenses of patients stay-
ing in a hospital on three days. This research defines a membership function of
X1, X2, X3, X4, X5, Y1, Y2, Y3, Y4, Y5 and Y6 as shown in Figure 4.

Figure 4: The Fuzzy rule of this study.

The medical services value model can be created based on fuzzy rule, where
informal workers who are X1 and X2 and X3 and X4 and X5 then Y1 or Y2 or
Y3 or Y4 or Y5 or Y6. Therefore, the results from medical services value model
for estimation of hospital medical expenses of informal workers in Thailand can
be established. The model was then used to predict the medical expenses as
following. For informal workers who are 40 years of age and who are female and
have an income of about 350,000 baht. Number of family members equal to 3
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persons and number of medical examinations equal to 1 time then medical costs
of patients are admitted to a hospital for treatment without surgery 1 day, 2 days
and 3 days, the estimated medical services value will be 1010, 3340 and 7690 baht,
respectively. Medical costs of patients admitted to hospital for treatment with
surgery 1 day, 2 days and 3 days, the estimated medical services value will be
5740, 9070 and 12400 baht, respectively, as shown in Figure 5.

Figure 5: Calculation of medical services value by Centroid method.

Figure 6: Comparisons of the non-surgical medical costs of informal workers
between the actual expenses from data hospitals in Thailand, the estimates
from the regression model (model 1) and from the fuzzy logic model (model
2).
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Figure 7: Comparisons of the surgical medical costs of informal workers
between the actual expenses from data hospitals in Thailand, the estimates
from the regression model (model 1) and from the fuzzy logic model (model
2).

From figure 6, the comparisons of the non-surgical medical costs and figure
7 comparisons of the surgical medical costs from each method with the actual
expenses from data hospitals in Thailand revealed that using the model 2, the
fuzzy logic method, gave the medical values a closer amount to the actual costs
than those of model 1.

4 Conclusion

In this study, an analysis of the medical service value of informal workers in
case of treatment without surgery and cases of treatment with surgery is shown.
It is also presented that, in the estimation of fuzzy logic (model 2) has the best
ability and closer to the actual medical expenses from data hospitals in Thailand
than those of the regression method (model 1). For the future work, types of
disease of the medical services value will be considered using the most suitable
medical service value model.
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