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Abstract

This study utilized Data Envelopment Analysis (DEA) in assessing the effi-
ciency of health center in tuberculosis (TB) treatment. Assessing the efficien-
cy of health center treating TB is a vital and sensitive topic, because there is a
cumulative amount of public funds devoted to healthcare. In this research, a
DEA model has been correlated to evaluate and assess the efficiency of 17
health centers. The researchers selected the health budget and the number of
health workers as input variables likewise, the number of people served,
number of TB patients served, and TB patients treated (%) as output va-
riables. Based on the result of the study, only five (5) health centers out of se-
venteen (17) have 100% efficiencies throughout the 2 years period. It is rec-
ommended that other health centers should learn from their efficient peers
recognized by the DEA model so as to increase the overall performance of the
healthcare system. Likewise, health centers should integrate Health Informa-
tion Technology to deliver healthier care for their patients.
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1. Introduction

In Philippines, the Health Center (HC) is the immediate health care facility. It
provides vital health services to the community, particularly those belonging to
the grassroots level. The HC has a significant share of establishing a healthy com-
munity, because it has several purposes in serving different clients, like prenatal

care, immunizations, monitoring of morbidity, and as part of referral system [1].
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The basic goals followed by many countries are to heighten and advance their
health system in terms of efficiency and quality services. In this circumstance, an
essential reason is to encourage research along the efficiency of health focus to
come with the best dissemination and utilization of medical services assets and
to distinguish the issues that influence their efficiency and ability to convey
high-quality services to the community. Efficiency is defined as “the relationship
between the goods and services consumed and goods and services produced, or
what is the same, for services rendered (outputs) in relation to the resources
used for this purpose (inputs)” [2].

Considering the efficiency of the healthcare system is a challenging process
which frequently encounters technical problems. Beginning with the health sta-
tus of the people, which affects the productivity level, socioeconomic stability or
welfare level, increasing the efficiency of healthcare services is a permanent ob-
jective, which becomes enormously imperative to the countries with small or
average social development file.

The systematic reporting and collection of evidence and facts about the quali-
ty, usefulness, and efficiency of health departments is a common procedure. The
performance data on health care services are regularly collected and reported.
Through assessments, good practice providers can be used and identified as
standards for refining the quality, efficiency, and success of related programs
brought by other providers [3] [4].

Data Envelopment Analysis (DEA) has developed as a prevalent and effective
method for measuring the efficiency of decision-making units in the health sec-
tor. There have been a number of studies on assessing the efficiency of health
centers and hospitals by using DEA in different settings [5]. According to Liu
[6], data envelopment analysis has been widely applied in many diverse areas
such as banking, education, science, service industries, engineering, and health-
care, as well as in assessments of the country and regional performances. Around
2000 papers have been published in the same database during the period 2010 to
2014. As reported by Liu, Lu, and Lu, all papers have enclosed a series of deci-
sion analysis applications involving hospitals, airports, schools, banks, hotels,
and even countries and regions. Due to the strong characteristics and varied
practical uses in microeconomics as well as in macroeconomics, the DEA me-
thod has been getting thorough consideration and has increasingly developed
into a larger and academically acknowledged discipline.

Several studies were done to measure the efficiency in primary health care,
and hospitals using DEA. Authors in [7] utilized DEA to measure the extent of
technical efficiency of public health centers in Ghana. Similarly, researcher in [8]
assessed the technical efficiency of health posts in rural Guatemala, while [9] as-
sessed the application of DEA window analysis in the operational efficiencies of
established branched hospitals and [10] looked into the technical efficiency of
public health centers in the three districts in Ethiopia.

This study although similar to the researches reviewed in terms of the utiliza-

tion of the DEA in health centers, is different as to addressing the efficiency of
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health centers focused on treating a specific disease which is one of the feared
contagious diseases, the Tuberculosis. Also, this study will contribute to the ex-
isting knowledge of DEA studies in the Philippines, since there is dearth of re-
searches pertaining to this model in health centers in the country.

This research delivers a great performance methodology with a complete and
reliable description of data envelopment analysis. DEA provides the best me-
thodology for healthcare workers to relative performance assessment. It is a
comprehensible and very powerful analytic tool by which health care workers
can assess comparative performance in their health centers. The information
that can be gathered from DEA can also become the guide of health care workers
for the health center and program development. In this paper, DEA evaluated
the efficiency of the seventeen (17) health centers to analyze the most efficient in
TB treatment which served as a benchmark for the inefficient health center. One
of the variables considered to determine the efficiency of a certain health center
is the minimal number of people who are infected with Tuberculosis (TB) dis-
ease. World Health Organization (WHO) stated that “Tuberculosis is one of a
contagious disease which spreads through the air. When infectious person
cough, sneeze, talk or spit, they transmit the disease-causing germs into the air

which is inhaled with air and transmitted to another person” [11].

2. Methodology

The Data Envelopment Analysis is one of the most common approaches used in
assessing the efficiency of DMUs. “The main objective of the DEA model is to
find a limit for efficiency formed by those combinations of resources which op-
timize the number of products made by minimizing production costs. Then,
with this limit, it assesses the relative efficiency of the combinations of resources
that do not belong to it” [12]. DEA is a non-parametric method which classifies
an efficiency boundary where only the efficient DMUs are cited by using linear
programming techniques. Sultan [13] stated that linear programming is the op-
timization of an outcome based on some set of constraints using a linear ma-
thematical model. According to [14], “Linear Programming is also a special
technique for determining the optimum combination of scarce resources in the

attainment of some objectives of economic or other nature”.

2.1. Data Source

The study was conducted in Cabanatuan City, Nueva Ecija Philippines under the
Rural Health Unit of Mabini Homesite (RHU-Mabini Homesite). The data for
17 health centers for 2016-2017 have been extracted from the Cabanatuan City
Health Office database. This ratifies the comparability and accuracy of data,
which are important features in the DEA model.

The Office of the City Mayor through the director of the City Health Office
allowed the researchers to use the information from their database. To validate,

the researchers also conducted a series of interviews.
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2.2. Data Envelopment Analysis

The Data Envelopment Analysis is the most common method used in assessing
the efficiency of a set of DMUs. DEA has various strong points that make it the
best and powerful tool for determining comparative efficiency between areas
thus, determining rankings.

The DEA Model was developed by Charnes, Cooper, and Rhodes. It is a very
advantageous methodology for specific case as it measures the productivity and
efficiency connected to organizational units, like hospitals [15].

DEA uses techniques of linear programming to assess the efficiency scores of
each health center. Health centers that are inefficient have a score of less than
100% or less than 1, while efficient health centers have an efficiency score of
100% or 1. The three (3) main advantages of DEA: 1) It simply includes a lot of
inputs and outputs less the requirement for measurement of common denomi-
nator. It is the most appropriate methods in evaluating the efficiency of health
centers using several inputs to create many outputs. 2) It offers specific input
and output objectives that would make an inefficient health center relatively ef-
ficient. Additionally, it classifies efficient “peers” for those health centers that are
not efficient. It supports inefficient health centers to follow the efficient group of
their peers so as to increase their efficiency. 3) It helps to classify both the
sources and levels of inefficiency, hence, providing direction on corrective ac-
tions to be taken.

In summary, DEA is a model that estimates the effectiveness and it might be
characterized as an expansion of the straightforward input/output analysis ratio
which is precisely summed up to work with multiple inputs and outputs. DEA
utilizes numerical models (linear programming) to examine the efficiency con-
straint. This limit conveys a reference for judging, similarly, the results of the
rest of the units don’t have a place with the boiling point [16].

2.2.1. DEA Formulation Model
The developed model by Charnes, Cooper, and Rhodes is the most recognized
DEA model formulation that has been modified by Banker, Charnes, and Coop-
er [17]. The model is drafted as follows:
For each DMU, p=12,
Z YoiWi

Maximize E, =&5—— (1)

Z XV
J

Subject to:

zypivvi
-+ <1 for k=12,--- K 2)

X 2} vj

j
E,= HC efficiency (p =1,2,--+,K)
w,2¢ for i=12,-,1

v, 2¢ for j=L2,--.J
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x; = input value j for DMU,

Vi = output value i for DMU,

& =a small constant

These formulas are used to measure the estimated technical efficiency of each
HC as compared to the relative efficiency of the other HCs encompassing the

population.

2.2.2. Decision Variables
v; Weight of input j (unitless)
w; Weight of output i (unitless)

3. Results and Discussions

The Health Center efficiency was determined with the use of Data Envelopment
Analysis. The researchers used the model of Charnes, Cooper, and Rhodes
(CCR) using input-oriented and output oriented.

Table 1 presents the variables used in assessing the efficiency of the health
center under the RHU-Mabini Homesite. The seventeen (17) health centers as
Decision-Making Units (DMUs); health budget, and the number of health
workers as input; on the other hand, a number of people served, a number of TB
patients served, and TB patients treated (%) as output. The data for the year
2017 of the health center are shown in Table 2.

Table 1. Variables used in measuring the efficiency of HC in TB treatment.

DMU Input Output
1 BANTUG BULALO
2 BARRERA DISTRICT
3 CARIDAD
4 DICARMA
5 DIONISIO S. GARCIA
6 H. C. CONCEPCION
7 IMELDA DISTRICT
8 M. S. GARCIA
Health Budget Number of People Served
9 MABINI EXTENSION Number of Number of TB Patient’s Served
10 MABINI HOMESITE Health Worker TB Patient’s Treated (%)
11 MAGSAYSAY DISTRICT
12 PADRE CRISOSTOMO
13 SAN JUAN POB.
14 SAN ROQUE SUR
15 SANTA ARCADIA
16 SUMACAB ESTE
17 VILLA OFELIA
DOI: 10.4236/jcc.2019.74002 15 Journal of Computer and Communications
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Table 2. Health center data for the year 2017.

DMUs Input Output
No. Health No. of No.of No.of TB TB
Health Center Budget Health People Patient’s  Patient’s
Worker  Served Served Treated (%)
1 BANTUG BULALO 271,274 4 2486 5 100
2 BARRERA DISTRICT 511,576 3 5589 23 100
3 CARIDAD 78,531 3 1960 5 100
4 DICARMA 276,552 3 4659 5 80
5 DIONISIO S. GARCIA 388,979 3 7359 24 83
6 H.C. CONCEPCION 452,366 3 4201 6 100
7 IMELDA DISTRICT 250,141 3 4161 14 79
8 M. S. GARCIA 310,690 3 4857 13 92
9 MABINI EXTENSION 390,000 3 3447 5 100
10 MABINI HOMESITE 349,400 4 4490 11 100
11 MAGSAYSAY DISTRICT 175,845 3 4672 13 85
12 PADRE CRISOSTOMO 228,458 3 4179 10 100
13 SAN JUAN POB. 347,717 3 6950 16 88
14 SAN ROQUE SUR 121,006 3 1410 7 86
15 SANTA ARCADIA 297,697 3 4782 12 83
16 SUMACAB ESTE 434,539 3 4283 7 100
17 VILLA OFELIA 148,764 3 1372 2 100

A relative efficiency formula combining several inputs and outputs can be
presented, and the DEA model which allows relative efficiency measures to be
determined can be developed. The data made presented by explaining the model
in applying the method can also be deliberated.

Measure for Relative Efficiency:

weighted sum of output

Efficiency =
Y weighted sum of input

This is written as:

WL T Vo Wy Yy W,

XV Xy, V)

Efficiency of HC = Y

(3)

The efficiency of HC 1 (DMU: Bantug Bulalo) where the data extracted from
the year 2017 by relating the model that was stated in Equations (1) & (2) was

achieved by solving the following model:

Max E = 2486w, + 5w, +100w, <1 @

b 271274v, +4v,

Subject to:
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2486w, + 5w, +100w, <1 (HC 1) 5)
271274y, +4v,

5589w, +23w, +100w; _, (HC 2) ©)
511576v, +3v,

1960w, + 5w, +100w; <1 (HC 3) 7
78531v, +3v, -

Same procedure will be done for all Health Center (HC)
w, 2¢

>
V‘i 2&

In the above model, the w’s and v’s are variables of the problem and to avoid
any input or output being entirely disregarded in defining the efficiency, the va-
riables are forced to be greater than or equal to certain small positive measure.
The description to the above model provides a value £, the HC 1 efficiency, and
the weights generate that efficiency. If £, is equal to one (£, = 1), then HC 1 is
efficient compared to the others, but if £, is less than one (£, < 1) then some
other HCs are more efficient than HC 1, even when the weights are selected to
maximize HC 1’s efficiency.

To solve the DEA model which is a fractional linear program, it is required to
translate it into linear form to apply the linear programming methods. The
model presented below.

Resultant Linear Program:

Max E, = Zyp,-W,- (8)
Subject to:
Zxajvj =1 )
J
Zyoiwi—Zxojvj <0 (for all HC in 2017) (10)
W, 2&
V. 2&

By solving Equations (8), (9), and (10), the target unit efficiency in a set can be
achieved. The result of this linear program offers a measure of the relative effi-
ciency of the target unit and the weights generate that efficiency. The weights are
the most advantageous from the target unit perspective. It is required to answer
a linear program directing on each unit to attain the efficiencies of the whole set
of units. The results for the 17 health centers are illustrated in Table 3. These
results show that some of the health centers remained constant at 100% efficien-
cy for two (2) years. The health centers that have the 100% efficiency were Cari-
dad, Dionisio S. Garcia, Magsaysay District, San Juan Pob., and Villa Ofelia and

the remaining 12 health centers were classified as low efficiency in TB treatment.
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Table 3. Two year scale efficiency result of 17 health centers.

Efficiency per Year
No. Health Center (HC) Average Ranking
2016 2017

1 BANTUG BULALO 1.00 0.75 0.87 14
2 BARRERA DISTRICT 0.92 1.00 0.96 7
3 CARIDAD 1.00 1.00 1.00 1
4 DICARMA 1.00 0.86 0.92 11
5 DIONISIO S. GARCIA 1.00 1.00 1.00 1
6 H. C. CONCEPCION 0.89 1.00 0.95 8
7 IMELDA DISTRICT 0.96 0.89 0.92 12
8 M. S. GARCIA 1.00 0.95 0.97 6
9 MABINI EXTENSION 0.69 1.00 0.84 16
10 MABINI HOMESITE 1.00 0.76 0.88 13
11 MAGSAYSAY DISTRICT 1.00 1.00 1.00 1
12 PADRE CRISOSTOMO 0.88 1.00 0.94 10
13 SAN JUAN POB. 1.00 1.00 1.00 1
14 SAN ROQUE SUR 1.00 0.89 0.95 8
15 SANTA ARCADIA 0.86 0.88 0.87 15
16 SUMACAB ESTE 0.69 1.00 0.84 17
17 VILLA OFELIA 1.00 1.00 1.00 1

4. Conclusions and Recommendations

This paper has presented a DEA model which consists of 2 inputs and 3 outputs
to assess the efficiency of 17 health centers based on their TB treatment. The
study revealed that only five (5) health centers out of seventeen (17) have 100%
efficiencies throughout the 2 year period. The following reasons for such low ef-
ficiency in TB treatment of the health center are the high allotted health budget,
and the high number of health workers for input relative to their output covered.
As a result, in order to increase their efficiencies, the input for the health budget
and the number of health worker for those health centers must be in proportion
based on the number of people and TB patients served. According to the World
Health Organization (WHO), “people with TB can infect up to 10 - 15 other
people through close contact over the course of a year. Without proper treat-
ment, up to two-thirds of people with TB will die” [18]. In this situation, HCs
need to be 100% efficient in terms of TB treatment to prevent spreading this
chronic infectious disease. It is recommended that other health centers should
learn from their efficient peers recognized by the DEA model and continue to
investigate and evaluate the technique [19] they are using so as to increase the

overall performance of their healthcare delivery system.
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