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General medical practice in China: evaluation of urban community
health care service functions based on a rough set reduction theory

Liqing Li', Xiaojun Zhou?, Zhongjie Li?

Abstract

Objective: This study aims to achieve an empirical evaluation on the functional performances
of urban community health care services in five administrative districts of Nanchang city in China.

Methods: In order to increase effectiveness, data collected from five administrative districts
of Nanchang city were processed to exclude redundant information. Rough set reduction theory
was brought in to evaluate the performances of community health care services in these districts
through calculating key indices’” weighed importance.

Results: Comprehensive evaluation showed the score rankings from high to low as Qing-
yunpu district, Xihu district, Qingshanhu district, Donghu district, and Wanli district.

Conclusion: The objective performance evaluation had actually reflected the general situa-
tion (including social-economic status) of community health care services in these administrative
districts of Nanchang. Attention and practical works of community health service management
were needed to build a more harmonious and uniform community health care service system for

residents in these districts of Nanchang.

Keywords: Community health care service, Empirical evaluation, Rough set reduction

theory, Redundant information, Health service management

Introduction

According to the literature, community health
services provide solutions to 80% of the health
problems in China [1]. The positive develop-
ment of community health services is an impor-
tant measure in improving the urban health
service supply system, promoting health ser-
vice fairness, and optimizing the allocation of
health resources. China has a large population
and a heavy health burden. The development
of community health care, especially improve-
ments in community health service functions,

would help to ease medical care pressures in

general hospitals caused by overcrowding, and
improve the problems of “difficulties and high
expense in medical care.” Evaluating com-
munity health service functions objectively,
reasonably, and scientifically represents an
important way of determining the direction of
developing community health services.
Nanchang city is divided administratively
into five districts (Donghu, Xihu, Qingshanhu,
Qingyunpu, and Wanli); however, the devel-
opment of community health services in the
five districts is unbalanced. In the current

study, the five districts in Nanchang were
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designated as the study objects, and a comprehensive evalu-
ation of community health service functions was performe
with the aid of rough set reduction theory and the calculation
of importance. This method is conducive to discovering the
problems and disadvantages associated with the development
of urban community health services in each district, to pro-
mote the balanced development of community health services
in Nanchang and provide decision-making bases for perfect-

ing community health service functions.

Current development status of community health
services in Nanchang

The development of community health services in Nanchang
has followed a similar pattern to that in the country as a whole.
The community health care service dates back to 1999, and the
complete framework for the community health service system
was built by 2010. A survey in 2009 showed that community
health services in Nanchang covered 100% of city streets and
>97.7% of community residents [2]. The setting and coverage
of community health service institutions in Nanchang in 2010

are shown in Table 1.

Introduction to rough set theory

Rough set theory is a data-based reasoning method presented
by Professor Z. Pawlak of Poland in 1982 [4]. According to this
theory, there is no need to provide a priori information other
than the data set to be processed. Redundant information can
be deleted based on data observation, and hidden patterns and
relations can be identified in the data set. Under the premise

of preserving critical information, the data can be simplified

and the minimum expression of knowledge can be derived. In
addition, the theory is able to identify and evaluate dependen-
cies among data, and analyze the degree of incompleteness
of the knowledge, which includes the roughness, dependence
among properties and importance, generation classification,

and decision-making rules [4].

The theory of rough set is built on the classification, which
is considered as an equivalence relation in a particular space.
The space is divided on the basis of such an equivalence. The
core of rough set theory is to use a known knowledge base to
approximately depict uncertain or inaccurate knowledge. This
theory is characterized by the lack of need to provide a priori
information other than the data set being processed in the prob-
lem. The description and processing of the uncertainty of the
problem is thus to a certain extent objective. Given the immen-
sity of the information system, not all information is useful.
It is important to remove redundant information and preserve
useful information. Similarly, not every index in a large evalu-
ation index system is useful, and the effectiveness of empiri-
cal evaluation can be improved by removing redundant indices
and preserving critical indices. In the current study, the rough
set theory was incorporated into the evaluation of commu-
nity health service functions. The attribute reduction method
in rough set theory is used to simplify the index system.
Moreover, the concept of attribute importance is used to cal-
culate the weight of each index in rough set theory. The pro-

cedure used in the current study was as follows: determination

Table 1. Setting and coverage of community health service institutions of 2010 in Nanchang

District Number of streets Permanent Household Number of Number of Number of
(Township) population  population community health  community health  community health
Offices (x10%) [3] (x10%) service centers service stations service institutions

Donghu District 10 47.4 46.4 10 39 49

Qingshanhu District 7 58.9 43.3 7 30 37

Xihu District 11 504 433 10 40 50

Wanli District 13 77.4 61.0 13 12 25

Qingyunpu District 6 31.7 26.4 6 39 45

Total 47 265.8 220.4 46 160 206
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of the research topic; establishment of the evaluation index
system; evaluation of the initial information table of indices;
discretization of the initial information table; reduction of the
index set; calculation of the weight of the index; calculation
of comprehensive evaluation value; and sorting of evaluation

results.

Knowledge is a highly-important concept in
artificial intelligence. In rough set theory, knowledge is con-
sidered as the division of the universe of discourse and an
ability to classify objects. Using the concept of set, suppose U
is a non-empty finite universe of discourse and R is a 2-tuple
equivalence relation on U, then knowledge is the result of di-
vision on U by an equivalence relation set, R, and is denoted
as U/R. The division on U by all the relations in R is defined
as the knowledge base, denoted by A=(U, R). Suppose R is an
equivalence relation on U, then U/R={X, X,, ... X } denotes a

class produced by R and is called knowledge about U.

If PcW and Pz®, then the
intersection of all equivalence relations in P is defined
as the indiscernibility relation on P, denoted by IND (P):
IND(P)={(x, y)e UXU, V a€P, f (x, @)=y, &) }.

The indiscernibility relation is also called an equivalence
relation, and divides U into a finite number of sets, which are
called equivalent classes. In each equivalent set, the objects
are indistinguishable. For V xeU, its P equivalent class is
defined as: [X]P={yeUl(x, y)eIND(P)}.

The family of all equivalence classes of IND (P), U/IND(P),
is defined as the family-related knowledge of the equivalence
relation, P, and is called P basic knowledge or basic set and
denoted by U/P. Therefore, it can be seen that U/P is actually
a set consisting of objects indistinguishable from each other
in the universe of discourse, and is the particle composing the

knowledge.

Attribute reduction is one of the core
components of rough set theory. In the rough set information
system, not all attributes are equally important, and some at-
tributes are even redundant. The so-called knowledge reduc-

tion is to remove the redundant or trivial attributes under the
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premise of maintaining the classification ability of the informa-
tion system.

Let R be an equivalence relation, and peR. If
IND(R)=IND(R—{p}), then p is unnecessary in R, other-
wise p is essential. If each peR is essential in R, then P is
independent, otherwise P is dependent. Suppose PCR, if P
is independent, and IND(P)=IND(R), then P is a reduction
of R.

The amount of information is used
to describe the data sets in the universe of discourse. The rows in
the information table represent objects, and the columns represent
attributes. Each attribute corresponds to an equivalence relation.

Suppose A=(U, R) is an information system. For an equiv-
alence relation PCR, there is classification U/IND(P)={X,,
X, ..., X }. Then, the amount of information of P is denoted by

SIX L 1X 1 <

I(P)= > ﬁ[ —ﬁ}:l—wzl)xi P, D
The I*| represents the cardinal number of the set, i.e., the
number of elements in a set. The importance of an attribute
(attr) in an attribute set, P, is defined as follows:

sigP—|attr|-attr=I(P)—1(P—{attr}), 2)
where attr denotes a certain attribute, and PCR is an equivalent
subset in the equivalent set, R. Each attribute importance in the

attribute set is normalized to obtain the weight of each attribute:

__ Sigpy (attr)

Z Sigpy (attr)

i=1

,then W=(w,w,,...w ). 3)

Empirical evaluation of community health service
functions in Nanchang

The community health service is an effective, economical,
convenient, integrated, and continuous grassroots health service
provided by the health service institutions in Chinese cities,
with the community as the basic unit. The service covers dis-
ease prevention, medical treatment, health care, rehabilitation,
health education, and family planning guidance. The current
study established an evaluation index system covering these
six functions based on the actual development status of urban

community health services in Nanchang, as shown in Table 2.
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Table 2. Evaluation index system for community health service functions in Nanchang

Service function Evaluation index

Medical treatment ~ Outpatient and emergency Ratio of outpatient and emergency visits to total residents (al)
services

House call services Ratio of house calls to total residents (a2)
Family beds Ratio of patients who request family beds to total residents (a3)
Bidirectional referrals Ratio of upward referral patients to total residents (a4)
Ratio of downward referral patients to total residents (a5)
Record creation rate (b1)

Disease prevention  Create health care record

service Standardized record creation rate (b2)
Computer management rate (b3)
Reports of legal infectious Ratio of the number of reports to total residents (b4)
diseases
Vaccinations Ratio of 0—6-year-old children receiving vaccinations to total residents (b5)
Ratio of vaccinated children 06 years of age in the administration area (b6)
Ratio of 0-6-year-old children to the planned vaccinated population in the
administrative district (b7)
Disease and health management ~ Hypertension registration rate (b8)
Standardized management rate of hypertension registration (b9)
Effective control rate of standardized hypertension management (b10)

Diabetes registration rate (b11)

Standardized management rate of diabetes registration (b12)

Effective control rate of standardized diabetes management (b13)

Management rate of severe mental disorder (b14)

Ratio of elderly people >65 years of age to total residents (b15)

Health care service =~ Maternal health care

Prenatal examination rate (c1)

Postpartum follow-up rate (c2)

Child health care

Ratio of 0-36-month-old children covered by health management to total residents (c3).

Ratio of 0—36-month-old children receiving child health care to those under system

management (c4)

Health education
Family planning

Rehabilitation service

Number of health education lectures given in communities (d1)
Ratio of number of people receiving services to total residents (el)

Ratio of number of people receiving rehabilitation service to total residents (f1)

The information table is denoted by a quadruple S=(U, R, V,
/), where U denotes the universe of discourse [U=(x, x,, ...,
x,)], representing a non-empty finite set of the object, and R
denotes the attribute set [R=(r,, r,, ..., r)], which is the set
of all index sets. One attribute corresponds to one index and
also to one equivalence relation: V= uV where V is the
range domain of attribute r, f denotes U><R—>V which is an

information function that assigns an information value to each

22

attribute, thus, VreR, xeU, f(x, y)eV_. For an easy descrip-
tion, the simplified form, S=(U, R), could be used to represent
S=(U, R, V, ).

The setting of the evaluation index information table refers
to the collection of sample index data and the corresponding
discretization processing. That is, to fill the decision-making
table with the obtained actual data or discretized data. The col-
lection of sample index data is the key process. In the current

study, the census method was mainly used to investigate the
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current situation of the health care institutions. The specific
assignments of indices are shown in Table 3. The districts are
denoted by Si (i=1, 2, 3, 4, 5), where S1 is Donghu District,
S2 is Qingshanhu District, S3 is Xihu District, S4 is Wanli
District, and S5 is Qingyunpu District.

All the data types in Table 3 were fixed-distance data.
However, the rough set method, the core of which is the indis-
cernibility relation presented by Pawlak, is used to process
discrete attribute values. In the current study, the method of
grouping by distance was used for data discretization. In actual
grouping, the empirical formula presented by Sturges [7] can

be used to determine the group number, K: K=1+lgn/1g2, where

Table 3. Value assignments in community health service function

evaluation index system for Nanchang

R,

n denotes the number of data. The round-off result is the theo-
retical number of groups. The distance between groups can be
calculated by the following equation: distance=(maximum-—
minimum)/group number [7]. The group number, K, is set as
3 by taking the requirement of practical problem solving into

consideration. The discretized information is shown in Table 4.

The cyclic column reduction method with indiscernibility
relation was used to reduce the evaluation indices of the six
functions. The obtained reduction results of the five indices
on medical services were {a3, a4, a5}. When reducing the

indices of disease prevention service, the key indices among

Table 4. Discretization information

S$1 S2 S3 S4 S5 S1 S2 S3 S4 S5
al 1.76 1.18 1.96 0.75 1.51 al 1 2 1 3 2
a2 257.00 184.00 313.00 79.00 303.00 a2 1 2 1 3 1
a3 3.00 1.00 4.00 6.00 23.00 a3 3 3 3 3 1
a4 63.00 35.00 55.00 14.00 52.00 a4 1 2 1 3 1
a5 3.00 7.00 7.00 1.00 3.00 a5 2 1 1 3 2
bl 84.71 91.00 97.24 57.91 96.97 bl 1 1 1 3 1
b2 35.15 61.25 62.30 51.92 56.49 b2 3 1 1 2 1
b3 34.62 60.00 56.25 48.57 66.58 b3 3 1 1 2 1
b4 2.80 15.20 3.40 5.10 8.80 b4 3 1 3 3 2
b5 13.90 70.40 37.00 73.60 91.60 b5 3 1 3 1 1
b6 0.40 3.10 1.00 3.60 4.10 b6 3 1 3 1 1
b7 0.30 2.50 0.80 3.20 2.80 b7 3 1 3 1 1
b8 55.18 55.65 71.19 29.73 69.27 b8 2 2 1 3 1
b9 56.23 70.55 54.49 75.41 44.29 b9 2 1 3 1 3
b10 71.97 65.89 71.28 57.00 71.62 b10 1 2 1 3 1
bll 44.19 76.92 59.90 2591 76.40 bll 2 1 1 3 1
bl2 62.50 71.70 59.47 81.40 43.57 b12 2 1 2 1 3
bl13 74.17 61.85 71.82 59.49 69.51 b13 1 3 1 3 1
bl4 6.84 9.68 10.43 2.70 9.32 bl4 2 1 1 3 1
bl5 78.60 98.90 89.90 51.20 95.30 bl5 2 1 1 3 1
cl 0.60 2.00 1.90 0.60 1.80 cl 3 1 1 3 1
c2 26.03 16.34 21.96 11.29 46.72 c2 2 3 3 3 1
c3 36.61 50.96 60.97 31.48 38.77 c3 3 2 1 3 3
c4 0.39 1.11 0.71 0.31 0.54 c4 3 1 2 3 3
dl1 13.00 14.00 25.00 12.00 12.00 d1 3 3 1 3 3
el 25.00 51.00 22.00 7.00 75.00 el 3 2 3 3 1
f1 18.00 10.00 12.00 5.00 64.00 f1 3 3 3 3 1
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the indices in the lower level were determined first, because
there were many indices in the lower level i.e., to reduce all the
indices of the creation of health records, vaccinations, and dis-
ease prevention and health management. The reduction results
were {bl}, {b5}, and {bl2, bl5}, respectively. Therefore,
the key index on the creation of health records were bl, that
of vaccination was b5, and those of disease prevention and
health management were b12 and b15, respectively. Thus, the
key indices of disease prevention services were {bl, b5, b12,
b15}. Another reduction was then performed, and the reduc-
tion result was {b12, b15}. The reduction result of health care
services was {c2, c4}. There was only one index for health
education, family planning and rehabilitation services, hence
there was no need for reduction. As a result, the simplified
evaluation indices that maintain the same classification ability

are shown in Table 5.

The attribute importance and weight of each evaluation index
was calculated, based on the reduction results [8].

First, the attribute importance and the weight of the medi-
cal service index was calculated. After attribute reduction,
the simplified index set was P={a3, a4, a5} and PcR. By the
property of reduction, there was U/IND(P)=U/IND(R). Based
on the method of calculating attribute importance using the
amount of knowledge information presented in rough set the-

ory, the importance of each index, SP(r)(i=1, 2, ..., m), was

Table 5. Decision-making table after reduction

calculated. The division of the universe of discourse U by
the equivalence relation P was as follows: U/IND(P)={{S1},
{S2}, {S3}, {S4}, {S5}}. After removing a3, the division of
the universe of discourse by the equivalence relation was U/
IND(P-{a3}), as follows: {{S1, S5}, {S2}, {S3}, {S4}}. The

amount of information of P was calculated according to Eq. (1):

I(P)=l—ﬁ2|xi P=1-(P+1*+1*+1°+1%)/5°=1-0.2=0.8,
1

I(P—{a3})=1-(2°+1>+1*+1*)/5°=1-0.28=0.72. According
to Eq. (2), sigP-lattrl (attr)=I(P)-I(P—{attr}), the attrib-
ute importance, a3, was calculated as SP (a3)=I(P)-I(P-
{a3})=0.8-0.72=0.08. After removing a4, the division of
the universe of discourse by the equivalence relation was U/
IND(P—{a4}), as follows: {{S1}, {S2, S3}, {S4}, {S5}},
I(P-{a4})=1-(1%+22+12+1%)/5°=1-0.28=0.72, SP(a4)=I
(P)-1(P—{a4})=0.8-0.72=0.08. After removing a5, the divi-
sion of the universe of discourse by the equivalence rela-
tion, U/IND(P-{a5}), was as follows: {{S1, S3}, {S2},
{S4}, {S5}}, I(P-{ad4})=1-(2*+1>+1°+1%)/5°=1-0.28=0.72,
SP(a4)=I(P)-I (P—{a5})=0.8-0.72=0.08. The attribute impor-
tance was subject to normalization. According to Eq. (3),
W,=(5igp (attr))/(isigp_m, (attr)), the weight of attribute
was obtained as W:i(:ivl, W, ..., w ). The results are shown in
Table 6.

Similarly, the attribute importance and weight were calcu-
lated for indices of disease prevention and health care services,
as shown in Tables 7 and 8.

There was only one index for health education, family plan-
ning, and rehabilitation services, and there was therefore no

need for reduction, and normalization was sufficient.

S1 Sz S3 4 S5 According to the weight of each index after reduction, the
a3 3 3 3 3 1 scores of each index of the medical treatment services for the
ad 1 2 1 3 1
a5 2 1 1 3 2
bl2 2 1 2 1 3
b15 2 1 1 3 1 Table 6. Importance and weight of indices of medical treatment
c2 2 3 3 3 1 services
c4 3 1 2 3 3
dl 3 3 1 3 3 . & -
el 3 2 3 3 1 Importance 0.08 0.08 0.08
f1 3 3 3 3 1 Weight 0.33 0.33 0.33
24 Family Medicine and Community Health 2013;1(3):19-26
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Table 7. Importance degree and weight of indicators of preventive

services

b12 b15
Importance 0.24 0.16
Weight 0.60 0.40

Table 8. Importance and weight of indices of health care services

c2 c4
Importance 0.24 0.24
Weight 0.50 0.50

five districts in Nanchang were calculated. The calculation was
performed by multiplying the index weight by a 3*5 normal-
ized matrix formed by the 3 indices (original data). In this way,
the comprehensive evaluation value of medical treatment ser-
vice was obtained as A, (i=1,2, ..., 5).
0.08 0.03 0.11 0.16 0.62
A;=(0.33, 0.33, 0.33)x 0.29 0.16 0.25 0.06 0.24
0.14 0.33 0.33 0.05 0.14
=(0.17 0.17 0.23 0.09 0.33).

Similarly, B, and C, were calculated.
0.20 0.23 0.19 0.26 0.14J

0.19 0.24 022 0.12 0.23
=(0.19 0.23 0.20 0.20 0.17),

B,.=(0.60,0.40)><(

0.21 0.13 0.18 0.09 0.38
C,;=(0.50,0.50)x

0.13 0.36 0.23 0.10 0.18
=(0.17 0.25 0.21 0.10 0.28),

=(0.17 0.18 0.33 0.16 0.16),

=(0.14 0.28 0.12 0.04 0.42),

F=(0.17 0.09 0.11 0.05 0.59).

i

D
E,

The evaluation results for the six major health care services
of the five districts in Nanchang were obtained, as shown in
Table 9.

It was easy to obtain the evaluation scores of the commu-
nity health service functions in the five districts in Nanchang

from the above results. However, the final evaluation results

Family Medicine and Community Health 2013;1(3):19-26
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could not be obtained simply by addition, because the weight
of each function was different. Thus, according to expert con-
sultation and scoring, the weights of the six functions were
determined as 0.21, 0.27, 0.24, 0.15, 0.03, and 0.09. The final
total evaluation values of S1, S2, S3, S4, and S5 were 0.17,
0.20, 0.22, 0.13, and 0.27, respectively.

Discussion

The greatest advantage of the rough set method lies in min-
ing the potential information from a data set without a priori
knowledge. The obtained data were close to the truth and
objective, compared with other approaches. In the current
study, the weight of each evaluation index was obtained
according to the information amount for each attribute in the
rough set, so that the subjectivity of the traditional weight-
determination method was overcome. The evaluation results
were made more objective and accurate by combining the
linear-weighting method. An evaluation index system was
built covering the six functions of urban community health
services. The reduction approach was borrowed from the
rough set theory to perform an empirical evaluation, and
a ranking of the comprehensive evaluation scores of the
community health service functions of the five districts in
Nanchang was obtained. Because the original data were sub-
ject to normalization, the influence of index dimensionality
was eliminated. The information of the original data was
fully reflected in the ranking result. The advantages and dis-
advantages of different evaluation units were quantified in a

direct and reliable manner, with practical significance for the

Table 9. Evaluation of six major community health service functions

in five administrative districts of Nanchang

S1 S2 S3 S4 S5

Medical treatment services 0.17 0.17 023 0.09 033
Disease prevention services ~ 0.19 023 020 0.20 0.17

Health care services 0.17 025 021 0.10 0.28
Health education 0.17 0.18 033 0.16 0.16
Family planning 0.14 028 0.12 0.04 042
Rehabilitation services 0.17 0.09 0.11 0.05 0.59
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harmonic development of urban community health services
in Nanchang.

According to the results of this study, the ranking of the five
districts in Nanchang in terms of the community health care
service functions was as follows: Qingyunpu District; Xihu
District; Qingshanhu District; Donghu District; and Wanli
District. This ranking conforms to the current development sta-
tus of community health care services in Nanchang. The medi-
cal treatment services, rehabilitation services, family planning,
and health care services provided by the community health
care service institutions in Qingyunpu District were better than
in the other four districts. Qingyunpu District is relatively far
from the downtown area of Nanchang, where most general
hospitals are located. Numerous pillar industries are based in
Qingyunpu District. The national economy in this district is
continuously expanding in volume. The district government
already pays close attention to livelihood issues, and attaches
great importance to the development of community health care
services. Wanli District ranks last, primarily for geographic
reasons. This district is in the suburbs, and the construction of
municipal infrastructures and its economic and social develop-
ments fall far behind those of the other four districts. Medical

health care services need to be improved in this district.
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