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Abstract

The present study endeavors to analyze the efficiency and total factor productivity of public hospitals in
the state of Haryana, one of the leading states of India, using Data Envelopment Analysis. The input
variables identified for the study are doctors and support staff (including nurses, lab technicians and
pharmacists) for measuring efficiency and total factor productivity. Similarly, inpatients and outpatients
have been taken as outputs. Twenty hospitals have been chosen for the study. The study is based on
primary and secondary data collected from officials and record maintained by public hospitals. Data
Envelopment Analysis (DEA) is used to evaluate efficiency, allocative efficiency and total factor
productivity (TFP) change making use of DEAP software. 90% hospitals have been observed to be
technically inefficient having a mean TE score of 32%. Overall average TE score is 0.39 which implies
that the public hospitals in Haryana may reduce the consumption of inputs by 61% without reducing the
outputs. 90% hospitals have been observed to be scale inefficient having a mean SE score of 39%. Overall
average scale efficiency has been observed 0.44. 60% hospitals make efficient use of input related to
doctors whereas 35% hospitals have been efficient in using support staff efficiently. 60% hospitals were
found working efficiently regarding inpatients. 85% hospitals were found working efficiently regarding
outpatients. 15% hospitals were found to be allocatively efficient. The score of TFPCH (1.094) indicates
that out of 9.4% growth, 5.9% is by TECHCH (1.059) and 3.3% by EFFCH (1.033). It 1is suggested by the
study that on an average, scale inefficiency has been due to the increasing returns to scale. The estimate
of total elasticity also suggests the operation of increasing returns to scale in public hospitals of Haryana
State.
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Introduction

India has faced many serious challenges in
healthcare sector over the years. There are
various factors such as the ageing
population, the increased personal use of
health care and medical advances that have
opened the way for more treatment options
and diagnostics.

All these factors have contributed to a rise in
the demand for health care. The country has
created vast public infrastructure of Sub
Centers (SCs), Primary Health Centers
(PHCs) and Community Health Centers
(CHCs).
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There is also large cadre of health care
providers (ANMs, male health workers, lady
health visitors and health assistants male
etc.).

Health Infrastructure in Haryana

The present study has been conducted for
the state of Haryana, one of the leading
states of India which is geographically a
small state accounting for only 1.3% of the
country’s total area and 2.09% of the
population. Haryana came into existence on
November 1, 1966.
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At that time state economy was
predominantly rural and agricultural based.
In 1969-70, the contribution of agriculture
and allied sector in the GSDP at constant
prices was 60.7 % followed by service (21.7%)
and industrial (17.6%) sectors. Thereafter,
the major drive towards diversification and
modernization of state economy started and
continued successfully in the following
years. As a result, the share of agriculture
and allied sector in GSDP declined to 14.1%
while the shares of industrial sector and
service sector increased to 27% and 58.9%
respectively in 2014-15 [1].

The Health Department of Haryana has
been constantly upgrading itself in terms of
infrastructure, human resource, equipment,
drugs etc. State’s Health Department is
responding to the health needs of all
categories of its populace including infants,
children, adolescents, mothers, eligible
couples, the elderly in addition to the sick
and trauma victims.

The health services in the state are being
provided to the people through a well-
connected network of Government Hospitals,
Community Health Centres, Primary Health
Centres, Sub Centres, District Tuberculosis
Centres, Dispensaries, Mobile units and
Mobile Dental Dispensaries and Urban
Health Posts. In addition, there is a Post-
Graduate Institute of Medical Education and
Research Centre at Rohtak with a capacity
of 1276 beds and specialties services which
also provides Medical Training at the
Graduate and Post-Graduate level. There is
another Medical College at Agroha, Hissar.
Thus the state has made tremendous
progress in the augmentation of health and
medical services [1].

An amount of Rs. 9599.59 crore (55.70 %)
was kept for social services sector in the
revised outlay of the state’s Annual Plan
2013-14. Out of this allocation, an amount of
Rs. 2876.83 crore (16.7 %) was kept for
Education and Technical Education and
Rs.927.35 crore (5.38%) for Health Services,
Medical Education etc. State is focusing on
improving the child health services and
Child Sex Ratio (CSR). For this, various
initiatives have been taken. Beti Bachao Beti
Padhao (BBBP) Programme is one of them
that has been launched by Honorable Prime
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Minister of India on 22nd January, 2015 in
district Panipat [1].

Thus, increased pressures on health care
resources have led policy makers,
administrators to search for more efficient
ways to deliver health services. The
evaluation of relative efficiency of health
facilities can guide decision makers in
ensuring the optimum utilization of the
available resources and this evaluation can
be done using two classes of methodologies:
stochastic =~ parametric  regression-based
methods and non-stochastic nonparametric
mathematical programming methods.

Data envelopment analysis (DEA) is the
most used family of linear programming
models. The present study is based on DEA
technique to analyze the efficiency,
allocative efficiency and total factor
productivity growth (TFPG) change in public
hospitals in the state of Haryana, the detail
of which is given in methodology section.

Many research scholars have used data
envelopment analysis (DEA) to analyze the
efficiency in wide range of organizations
including hospitals, schools, agriculture,
ports, pharmaceutical industry, railway,
research laboratory etc. However, the usage
of DEA in the hospital sector has been
recent phenomena.

The review of previous studies reveals the
fact that most of the studies have used DEA
to evaluate one or the other economic aspect
at a time—efficiency, allocative efficiency or
total factor productivity (TFP) change [2-8].

The present study is a humble attempt to
use DEA to evaluate all the economic
aspects— efficiency, allocative efficiency and
total factor productivity (TFP) change
simultaneously. The objectives of the study
are; to evaluate the efficiency, allocative
efficiency and total factor productivity
growth (TFPG) changes over the period of
time of public hospitals.

Research Methodology

Research methodology of the present study
has been divided into five sections namely;
measurement of efficiency, measurement of
allocative efficiency, measurement of total
factor productivity (TFP) of public hospitals
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in Haryana, the output elasticities and data
and variables.

Measurement of Efficiency

To examine the efficiency level of public
hospitals in Haryana the data envelopment
analysis has been used. The DEA was
pioneered by Farrell [9]. It was introduced
by Charnes et al. [10] and was formulated by
Banker et al. [11]. DEA is a non-parametric
mathematical programming approach to
estimate the efficient frontier for a group of
decision making units (DMUs) with multiple
inputs and outputs.

This technique can separate the efficient
operating units i.e., firms, organizations,
managers etc. form inefficient units on the
basis of whether they lie on the efficient
frontier or not. Data envelopment analysis
(DEA) can also be used to decompose the
technical efficiency into pure technical
efficiency (PTE) and scale efficiency (SE).
The DEA model employed is an input-
oriented model which identifies technical
efficiency as a proportional reduction in
inputs. In order to evaluate the overall
efficiency of the public hospitals in Haryana,
we apply two DEA models, namely, (i)

Charnes, Cooper and Rhodes (CCR) model
and (i1) Banker, Charnes and Cooper (BCC)
model. The study wuses slack variable
analysis to carry out a more detailed
investigation. A brief view of these modes is
in order.

The CCR Model (Constant Returns to
Scale)

The CCR DEA model assumes constant
returns to scale (CRS) in its production
possibility set. The DEA model involves
optimizing a scoring function (H), defined by
the ratio of all outputs over all inputs
subject to the constraints that the similar
ratios for every DMU be less than or equal to
one, implying that efficient DMUs will have
a score of one. In other words, the best way
to introduce DEA is via the ratio form. For
each DMU we have to obtain a measure of
the ratio of the weighted sum of all outputs
and the weighted sum of all inputs, such as
u'y; / v'x;» where u is m*1 vector of output

weights and v is a k*1 vector of input
weights. In order to select optimal weights,
we specify the mathematical programming
problem:

Max H = u'yi/v' X;

u, v

Subjectto w’yj/vx;<1
And u,v=>0
Where m: outputs, k: inputs,

This involves finding values of u and v, such
that the efficiency measure of the 1t DMU is
maximized subject to the constraint that all
efficiency measures must be less than or
equal to one. Obviously, the optimal value of
equation (1) must not exceed unity. If the
optimal value of equation (1) is equal to
unity, then a particular DMU is located on

. (1)

N: DMUs and 1 stands for ith DMU

the CRS frontier, and a score of less than
unity implies that it is inefficient. One
problem  with this particular ratio
formulation i1s that, it is difficult to solve
because it has an infinite number of
solutions. Following the Charnes et al. [10]
transformation, this leads us to the following
equivalent linear programming model:

Max H=u"y;
u,v
Subject to v'xi=1 . (2)
u'yi-v'x;<0 ,j=1, 2,..N
And u,v=>0

This form is known as multiplier form of the
linear programming problem. The dual of
the above multiplier form 1is called
envelopment form, which is easier to solve
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as 1t involves fewer constraints than the
multiplier form. The dual input-oriented
CCR model is:
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TEs =Mino
0,%

Subjectto -yi+YA>0
0xi-XA>0
And A=>0

Where A is an N*1 vector of constants, Y and
X, are m*1 and k*1 vectors of outputs and
inputs respectively and 0 is a scalar. The
value of 0 obtained will be the efficiency
score for the ith DMU. It will satisfy 6 < 1,
with a value of 1 indicating a point on the
frontier and hence a technically efficient
DMU.

The BCC Model (Variable Returns to
Scale)

The Charnes, Cooper and Rhodes (CCR)
model as has been described above 1s

«.(3)

appropriate only when all DMUs are
operating at an optimal scale. However,
imperfect competition, government control,
financial constraints etc. may cause a DMU
not to be operating at optimal scale. Banker
et al. [11] modified the CCR model to
account for technologies that exhibit
variable returns to scale (VRS). In other
words, the CRS linear programming problem
can easily be extended to account for VRS by
adding the convexity constraint: N1'i to

equation (3) to provide:

TE,,s =Mino
0,0

Subjectto -yi+ YA>0
0xi-XA>0
And N1'2=0

Where N1 is an N*1 vector of ones

The CCR technical efficiency score can be
decomposed into two components namely, (i)
Scale efficiency, and (i) Pure technical
efficiency. If there is a difference between
the CCR and BCC technical efficiency scores
for a particular DMU, then this indicates
that the particular DMU has scale
inefficiency. Since the CCR efficiency score is
a product of scale efficiency and pure
technical efficiency, therefore, the scale
efficiency score can be obtained by dividing
the technical efficiency score resulting from
the CCR model by the efficiency score
resulting from the BCC model (Technical
efficiency=Scale efficiency*Pure technical
efficiency). These efficiency scores are
bounded between zero and unity.

Following Pascoe et al. and Singh [12, 13],
the analysis has been undertaken by making
use of DEAP programme [14]. Technical
efficiency obtained by using CRS model is
decomposed into Pure Technical Efficiency
(PTE) and Scale Efficiency (SE) by applying
both CRS and VRS DEA on the same data.
The scale efficiency score is worked out by
dividing the CRS score by the VRS score.
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..(4)

The decomposition of technical efficiency
into PTE and SE depicts the sources of
inefficiency, i.e., whether it is caused by
inefficient  operation  (PTE) or by
disadvantageous conditions displayed by the
scale efficiency (SE) or both [15].

Measurement of Allocative Efficiency

Following Data Envelopment Analysis
(DEA), cost minimization is associated with
three types of efficiency measures: cost
efficiency, allocative efficiency and technical
efficiency. In the present study, we have also
used DEA approach to measure allocative
efficiency of public hospitals in Haryana.

Allocative efficiency can be measured by
using the cost minimization DEA model. The
present study used a multi output and multi
input-Constant Returns to Scale input
oriented DEA model. Following Coelli et al.,
we considered N decision making units
(DMUs). Each of the N DMUs produce m
outputs using k inputs [16]. A cost
minimization linear programming problem
is solved for each DMU. The cost-
minimization problem for the it» DMU is
given by:
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Min

Subject to
N
;xi Y, -Y;>0

N
Zl:xi Y, - Y, >0

N1'Ai=1
And A>0
Where

« WX

.. ()

Wi = vector of the unit price of inputs utilized by DMU;
xi" = vector of input quantities of DMUi with respect to production cost minimization.

Yqi = amount of output q produced by DMU;
xji'= amount of input j utilized by DMU;

N1 = an N*1 vector of ones.

Ai=dual variables.

In the framework of cost minimization, the
total Cost-Efficiency (CE) or Economic
Efficiency (EE) of the ith DMU is measured

CE=W, X;/W, xi
A DMU is said to have realized allocative
efficiency if it is operating with the optimal
combination of inputs, given their respective
prices. The allocative efficiency is calculated
AE = CE/TE
Where AE = Allocative Efficiency
CE = Cost Efficiency
TE = Technical Efficiency
The following ranges of allocative efficiency
(Laha and Kuri, 2011) [17] can be defined as:
Efficient in allocating resources: AE=1
A small allocative inefficiency: 0.9<AE<1
Moderate allocative inefficiency: 0.7<AE<0.9
Inefficient in allocating resources: AE<O0.7

.. (8)

Measurement of Total Factor
Productivity (TFP) Change [Malmquist
Productivity Index]

The TFP is an index of outputs divided by an
index of inputs and refers to the change in
the productivity over time. The different
approaches of TFP measurement are Growth
Accounting (GA) approach, stochastic
frontier analysis (SFA) and DEA based
Malmquist Productivity Index [18]. The DEA
has important advantages over GA and SFA
approaches such as:
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by the ratio of minimum cost to observed
cost as:

.. (6)
residually by using the following
relationship between Cost Efficiency (CE)
and Technical Efficiency (TE) as:

« (7

e It does not require any functional form for
the production function [18].

o It compares the DMUs to the ‘best’
practice technology rather than ‘average’
practice technology as in the case of
econometric approaches [19].

e It does not require information on the
input and output prices.

e It does not require the profit
maximization or cost minimization
assumption.

o If the researcher has panel data, it allows
the decomposition of productivity changes
into two components—Technology Change
(TECHCH) and Efficiency Change
(EFFCH), Thus TFP change (TFPCH) is
equal to the product of Technology
Change (TECHCH) and Efficiency
Change (EFFCH).
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The MPI, which is an application of DEA to
a panel data to calculate the indices of TFP

later on by Fare et al. [21,22]. To avoid
choosing the MPI of an arbitrary period Fare

change was initially introduced by Caves et et al. [22] specified the Malmquist
al. (1982) [20] and was empirically used productivity change index as:
N 1
(X Y, (X Y 2
Mo (Yer, Xeaas Yoo X ) = d°(t e )de tfl ear Vi ) ... (9)
do(xt’Yt) do (xt’Yt)

This represents the productivity of the
production point (Xi+1, Yi+1) relative to the
production point (X:Y:). This index is, in
fact, the geometric mean of two Malmquist
TFP indices. One index uses period ‘t’

t+1

Mo (Yeres Xern s Yoo %) = Do

(Xt+1' Yt+l ) X

technology and the other uses periodt+1’
technology. Fare et al. (1994) further state
that the MPI formula in equation (9) can be
equivalently rewritten as:

d. (X Yo)

d.” (Xeas Yo )

d.(Xer Yooy ) < d, (X, ) } .. (10)
d. (X, Y)

EFFCH

The first ratio on the right hand side of
equation (10) measures the changes in
Technical Efficiency (EFFCH) between
period t’ and ‘t+1’ as a catching-up to the
frontier effect. The second term measures

TECHCH

the change in production technology i.e.
Technical change (TECHCH), wusually
referred to as a shift in production frontier.
The TFP growth rate can be estimated as:

TFP (per cent) = (TFPCH-1)*100

Further, a value of mo greater than unity will indicate positive TFP growth from period ‘t’ to
period‘t+1’. More specifically, mo>1 reflects a positive TFP growth between two consecutive
years. Similarly, improvements in any of the components of mo are also associated with the
values greater than unity of these components and deterioration is associated with the values
less than unity. Also me=1 reflects no change or no improvement.

Output Elasticities

It will be of great use to examine how the
output will respond to a change in the level
of inputs. This is analyzed by estimating the
elasticities of outputs with respect to each
input used. The elasticities of outputs (Y) of

government hospitals in Haryana with
respect to two inputs namely doctors (Xi)
and support staff (X2) are estimated by
applying Cobb-Douglas type of production
function in the log-linear form as:

Y, = AX3} X357 et

The logarithmic specification of Cobb-Douglas type of production function is:

Log Yi= Log A+ b1 Log Xii +b2 Log Xoi +ui

Or

Log Yi = bo+ b1 Log Xii +b2 Log Xzi +ui

["."Log A=bo]

Where 1 =1, 2, 3...20
Y = Outputs
X3 = Doctors
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.. (11)
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Xo =Support Staff
u = Stochastic disturbance term

bo, b1 and bz = Parameters of the model and
b1 = elasticity of output with respect to doctors,
bz = elasticity of output with respect to support staff.

Total elasticity (e) is estimated by adding elasticities of output of government hospitals in
Haryana with respect to individual inputs. That is,

e = bi+b:

Data and Variables

The study is based on primary and
secondary data collected from the official
records of twenty government hospitals in
Ambala district of Haryana state. We have
taken two inputs- doctors and the number of
support staff, which includes nurses,
laboratory technicians, pharmacists etc. And
two outputs namely outpatients and
inpatients. The number of inpatients was
computed by multiplying the average bed
occupancy with 365. The bed availability
could have also been taken as one of the
inputs, but we confined our study to two
inputs and two outputs case for the sake of
simplicity.

Therefore, the study involves four variables-
two inputs and two outputs on which the
information for the year 2015 has been
gathered from the records of government
hospitals and information given by the
officials. Then the data for the years 2013
and 2014 were also prepared on the basis of
records available with the hospitals in
Haryana and information given by officials.
Data Envelopment  Analysis (DEA)
technique has been used to work out

...(12)

efficiency, allocative efficiency and Total
Factor Productivity (TFP) indices of
government hospitals in Haryana. The
efficiency and allocative efficiency results
are based on mean data which has been
obtained by averaging the three years data
for 2013, 2014 and 2015. Since Malmquist
Productivity Index (MPI) is based on Panel
data, therefore, we used the data from 2013
to 2015 to compute total factor productivity
(TFP) change index. Output elasticities with
respect to individual inputs have also been
worked out by using the Cobb- Douglas type
of production function in log- linear form.

Results

Estimates of Technical and Secale

Efficiencies

Technical efficiency means how efficiently a
firm utilizes its inputs to produce a given
level of output, whereas scale efficiency
means to produce more by changing the size
of operations with the same input mix. It is
possible that a firm may be technically
efficient but the scale of operation of the firm
may not be optimal.

Table 1: Efficiency scores of government hospitals in Haryana

DMU CCR model (TE) BCC Model (PTE) Scale Efficiency (SE) Returns to scale
1 0.349 0.817 0.427 Irs
2 0.287 0.837 0.343 Irs
3 0.250 0.865 0.289 Irs
4 0.244 0.792 0.309 Irs
5 0.263 0.796 0.331 Irs
6 0.144 0.782 0.184 Irs
7 0.267 0.736 0.362 Irs
8 0.273 1.000 0.273 Irs
9 0.157 0.788 0.199 Irs
10 0.325 1.000 0.325 Irs
11 0.145 0.816 0.178 Irs
12 0.367 1.000 0.367 Irs
13 0.431 0.625 0.690 Irs
14 0.150 0.524 0.285 Irs
15 0.731 0.952 0.768 Irs
16 0.328 0.744 0.441 Irs
17 0.185 1.000 0.185 Irs
18 0.859 1.000 0.859 Drs
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19 1.000 1.000 1.000 Crs
20 1.000 1.000 1.000 Crs
Mean 0.388 0.854 0.441 Irs

irs= Increasing returns to scale, drs= decreasing returns to scale, crs= constant returns to scale.

Source: Authors’ calculation

Table 1 shows the technical efficiency scores
obtained from both the CCR (Eq.3) and BCC
(Eq.4) input-oriented models and scale
efficiency scores for public hospitals in
Haryana. A difference in CRS (CCR model)
and VRS (BCC model) efficiency scores for a
particular DMU indicates scale inefficiency.

A scale efficiency score having value unity
demonstrates that a particular DMU is scale
efficient and a value less than unity
indicates that a particular DMU 1is scale
inefficient. Tablel exhibits that two (10%)
public hospitals have SE score of 100%
implying thereby that they have the most
productive scale size for a particular input-
output mix. The remaining eighteen (90%)
hospitals have been observed to be scale
inefficient having a mean SE score of 39%.
Overall average scale efficiency has been
observed 0.44 for the sample units as a
whole. Similarly two (10%) public hospitals
have been observed to be technically efficient
having TE score of 100% whereas the
remaining eighteen (90%) hospitals have
been observed to be technically inefficient
having a mean TE score of 32%.

Average TE and PTE efficiency scores, the
distance of a DMU from the best practice,
are computed as 0.39 and 0.85, respectively.
The average score of TE 0.39 means that the
public hospitals in Haryana may possibly
reduce the consumption of inputs by 61% {(1-
TE)*100} without reducing the outputs.
Comparing these three efficiencies, it is
observed that in public hospitals in Haryana

Table 2: Actual inputs, estimated slack inputs and target inputs for

aggregate efficiency has been contributed
more by the efficient conversion of inputs
than by the increase in size of plant, as PTE
score (0.85) is much higher than the SE
score (0.44). Tablel shows that out of 18
scale-inefficient hospitals, 17 (94%) hospitals
depict IRS which implies that they are too
small to operate at their most productive
scale size. Therefore they need to expand
their scale of operations. One (6%) hospital
shows DRS, which implies that it needs to
scale down its operations for achieving CRS.

Analysis of Input-Slacks

Input slacks means to produce the same
level of output with less input mix. In other
words if a firm (DMU) can produce the same
level of output with the less amount of
inputs, this is called input slacks. In order to
make a DMU efficient all input slacks have
to be eliminated. This is shown in the
following Table 2.

The government hospitals possessing value
of technical efficiency score less than unity
indicates inefficiency and observes slacks in
the inputs. In order to identify the causes of
inefficiency in government hospitals, input-
slacks have been computed through DEA
CCR model (eq.3).Table 2 contains the
inputs actually wused in government
hospitals, estimated slacks and target inputs
in them. To make a particular hospital
efficient, all slacks in inputs have to be
eliminated. An efficient hospital does not
have any input slacks.

overnment hospitals in Haryana

Doctors Support staff
DMU Actual Slacks Target Actual Slacks Target
1 3 0.00 3 17 3.00 14
2 3 0.00 3 16 3.00 13
3 3 0.00 3 15 2.00 13
4 3 1.00 2 17 4.00 13
5 3 1.00 2 17 3.00 14
6 3 1.00 2 17 4.00 13
7 3 1.00 2 19 5.00 14
8 2 0.00 2 14 0.00 14
9 3 1.00 2 17 4.00 13
10 2 0.00 2 15 0.00 15
11 3 0.00 3 16 3.00 13
12 2 0.00 2 16 0.00 16
13 6 2.00 4 22 8.00 14
14 6 3.00 3 23 11.00 12
15 4 0.00 4 23 6.00 17
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16 3 1.00 2 21 5.00 16
17 5 0.00 5 07 0.00 07
18 18 0.00 18 28 0.00 28
19 8 0.00 8 18 0.00 18
20 7 0.00 7 14 0.00 14

Source: Authors’ calculation

Table 2 reveals that the twelve (60%)
hospitals out of twenty make efficient use of
input related to doctors, while rest of eight
(40%) hospitals are found to be inefficient in
making efficient use of doctors. Similarly,
only seven (35%) hospitals have been
efficient in using support staff efficiently.

Analysis of Output Slacks

Output slacks means to produce more output
with the same inputs. In other words if a
firm can produce more of an output with
same input mix, this is called output slacks.
And in order to make a firm (DMU) efficient

all output slacks have to be eliminated. This
is shown in the following Table 3. On similar
lines of input-slacks, we can discuss the
efficiency of government hospitals on the
basis of output-slacks. The government
hospitals possessing value of technical
efficiency score less than unity indicates
inefficiency and observes slacks in the
outputs. In order to identify the causes of
inefficiency in government hospitals, output-
slacks have been computed through DEA
CCR model (eq.3).

Table 3: Actual output, estimated slack outputs and target outputs for government Hospitals in Haryana

Inpatient QOutpatient

DMU Actual Slacks Target Actual Slacks Target
1 132 179 311 40800 0.00 40800

2 136 97 233 33600 0.00 33600

3 112 72 184 29200 0.00 29200

4 144 37 181 28600 0.00 28600

5 132 72 204 30800 0.00 30800

6 132 0.00 132 16880 6569 23449

7 156 55 211 31200 0.00 31200

8 108 0.00 108 21320 0.00 21320

9 160 0.00 160 18320 7104 25424
10 108 0.00 108 25360 0.00 25360
11 128 0.00 128 17020 6280 23300

12 140 0.00 140 28600 0.00 28600
13 268 669 937 100800 0.00 100800

14 268 0.00 268 35000 0.00 35000
15 420 931 1351 114000 0.00 114000

16 268 0.00 268 38400 0.00 38400

17 96 0.00 96 24400 0.00 24400
18 5560 0.00 5560 406400 0.00 406400
19 4160 0.00 4160 312000 0.00 312000
20 2640 0.00 2640 263600 0.00 263600

Source: Authors’ calculation
Table 3 contains the outputs actually found working efficiently  regarding

produced in government  hospitals,
estimated slacks and target outputs in
them. To make a particular hospital
efficient, all slacks in outputs have to be
eliminated. An efficient hospital does not
have any output-slacks. Table 3 reveals that
the twelve hospitals out of twenty do not
have any output-slack regarding inpatients.
In other words, twelve hospitals (60%) are
working efficiently while rest of the eight
hospitals (40%) are having output-slacks,
meaning thereby these hospitals are having
less number of inpatients which can be
increased to make these hospitals efficient.
Similarly, seventeen hospitals (85%) were
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outpatients and only three (15%) hospitals
out of twenty were found inefficient,
meaning thereby the number of outpatients
can be increased to make these hospitals
efficient.

Measurement of Allocative Efficiency

Allocative efficiencies have been estimated
by using a multi-input and multi-output
Constant Returns to Scale Input Oriented
DEA model (eq.5). The model is comprised
of data on output quantities, input
quantities and prices of inputs. Table 4
presents the summary statistics of
allocative efficiency estimates.
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The average allocative efficiency for the
sample of all hospitals is 78%. Allocative
efficiency may be computed as:

AE = CE/TE

Where

AE = Allocative efficiency

CE = Cost efficiency / economic efficiency

TE = Technical efficiency

As 1s obvious from Table 4, only three
hospitals were found to be allocatively
efficient, because their allocative efficiency
1s unity.

Table 4: Allocative Efficiency of Government hospitals in Haryana

DMU TE AE CE
1 0.817 0.749 0.611
2 0.837 0.764 0.639
3 0.865 0.783 0.677
4 0.792 0.744 0.589
5 0.796 0.744 0.593
6 0.782 0.750 0.587
7 0.736 0.711 0.524
8 1.000 0.688 0.688
9 0.788 0.751 0.592
10 1.000 0.635 0.635
11 0.816 0.769 0.627
12 1.000 0.595 0.595
13 0.625 0.898 0.561
14 0.524 0.876 0.459
15 0.952 0.580 0.552
16 0.744 0.646 0.481
17 1.000 0.860 0.860
18 1.000 1.000 1.000
19 1.000 1.000 1.000
20 1.000 1.000 1.000

Mean 0.854 0.777 0.664

Source: Authors’ calculation

These hospitals are efficient in allocating
their resources. The other three hospitals
are little inefficient in the allocation of their
resources, because the allocative efficiency of
these hospitals lies between 0.9 and 1. About
55%  government hospitals (11) are
moderately efficient in allocating their
resources, because their allocative efficiency
scores lay between 0.7 and 0.9.

Lastly, the other three hospitals are found to
be inefficient in allocating their resources,
because their allocative efficiency is less
than 0.7. Since cost efficiency (CE) is a
product of technical efficiency (TE) and
allocative efficiency (AE) [i.e. CE=TE*AE], it
has been observed that technical efficiency
has the major contribution in cost-efficiency,

because the technical efficiency score is
much higher than the allocative efficiency
score.

Measurement of Total Factor

Productivity (TFP) Change

Table 5 depicts the inter-hospital variation
in TFP growth in Haryana. Total factor
productivity change has been estimated by
using multi-input and multi-output constant
returns to scale Input-Oriented DEA model
(eq.10). A value of TFPCH greater than
unity will indicate positive TFP growth from
period‘t’ to ‘t+1’. The value of TFPCH equal
to unity shows no change from period ‘t’ to
period ‘t+1’ and the value of TFPCH less
than unity indicates the deterioration of TFP
growth from period ‘t’ to period ‘t+1’.

Table 5: Total factor productivity Growth of government hospitals in Haryana

DMU EFFCH TECHCH PECH SECH TFPCH
1 1.062 1.059 1.005 1.057 1.125
2 1.051 1.059 1.002 1.049 1.114
3 1.090 1.059 1.004 1.085 1.155
4 1.038 1.059 1.000 1.038 1.100
5 1.021 1.059 0.999 1.022 1.082
6 1.050 1.059 1.000 1.050 1.113
7 1.020 1.059 0.999 1.021 1.080
8 1.061 1.059 1.000 1.061 1.124
9 1.041 1.059 0.998 1.043 1.103
10 1.047 1.059 1.000 1.047 1.110
11 1.066 1.059 1.001 1.064 1.129
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12 1.029 1.059 1.000 1.029 1.090
13 1.061 1.059 1.017 1.043 1.124
14 1.020 1.059 1.001 1.018 1.080
15 0.995 1.059 0.999 0.996 1.054
16 1.005 1.059 0.997 1.008 1.065
17 1.040 1.035 1.000 1.040 1.076
18 0.974 1.083 1.000 0.974 1.054
19 1.000 1.074 1.000 1.000 1.074
20 1.000 1.045 1.000 1.000 1.045
Mean 1.033 1.059 1.001 1.032 1.094

Source: Authors’ calculation [Note that all Malmquist index averages are geometric means)

As 1s obvious from Table 5 the value of
TFPCH in our sample of public hospitals in
Haryana is greater than unity indicating
positive TFP growth from period ‘t’ to period
‘t+1’. Comparing efficiency change (EFFCH)
[which is a product of pure efficiency change
(PECH) and scale efficiency change (SECH)]
and technical change (TECHCH), it has been
observed in public hospitals in Haryana that
the major contribution for the growth of total
factor productivity (TFP) is of technical
change because the TECHCH score is much
higher than the EFFCH score. That is the
score of TFPCH (1.094) indicates that out of
9.4% growth, 5.9% 1s by TECHCH (1.059)
and 3.3% by EFFCH (1.033).

Output Elasticities

The elasticities of outputs (inpatients and
outpatients) with respect to each input used,
namely doctors and support staff (eq.11) is
estimated using Cobb-Douglas type of the
production function in the log-linear form.
The estimated model in log-linear form 1is:

LogIP=0.511+1.82 LogDOC+0.685 Log SS

SE  =(0.691) (0.300) (0.492)
t =0.740 6.06 1.16
R2=0.74, F=24.02

And

LogOP = 3.18+1.40 LogDOC +0.54 Log SS

SE =(0.576) (0.251) (0.492)
t =5.52 5.59 1.09
R2=0.71, F=20.50

Where IP: inpatients, OP: outpatients,
DOC: doctors, SS: support staff.

The wvalue of R2? being 0.74 and 0.71
respectively in both the models suggests that
our model fits the data well. The value of F-
statistic being very high suggests that the
independent variables jointly affect the
dependent variable in both the models
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significantly. Individually doctors play a
significant role in both the models. The
estimate of total elasticity in both the
models (eq.12) suggests the operation of
increasing returns to scale in government
hospitals in Haryana.

Discussion
Technical and Scale Efficiencies

The present study shows that 90% hospitals
have been observed to be technically
inefficient having a mean TE score of 32%.
Whereas 90% hospitals have been observed
scale inefficient having a mean SE score of
39%. Overall average TE and SE scores have
been observed 0.39 and 0.44 respectively for
the sample units as a whole.

A similar study of 17 district hospitals and
17 health centres in Ghana [23] found that
53% hospitals were technically efficient and
47% were technically inefficient with an
average TE score of 61%. Whereas 41%
hospitals were scale efficient and 59% were
scale inefficient with an average SE score of
81%. Out of the 17 health centres, 82% were
technically efficient and 18%  were
technically inefficient with a mean TE score
of 49%. Whereas 53% health centres were
scale efficient and 47% were scale inefficient
with an average SE score of 84 %. Jat et al
[24] showed in their study of 40 district
hospitals of Madhya Pradesh (India) that
50% hospitals were technically efficient and
50 % were technically inefficient with an
average TE score of 79 %. 35% hospitals
were scale efficient and 65% were found to
be scale inefficient, with mean score of 81%.
Another DEA analysis of 27 government
hospitals of Uttarakhand (India) conducted
by Mogha et al. [25] revealed that 7%
hospitals were technically efficient and 93%
were technically inefficient with an average
TE score of 69 %. Similarly 7% hospitals
were scale efficient and 93% were scale
inefficient, with mean score of 91%.
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Tlotlego et al. [26] undertook DEA among 21
non-teaching hospitals in the Republic of
Botswana over the period (2006 to 2008) and
found that average PTE scores were 70.4%,
74.2% and 76.3% respectively. The average
SE scores were 79.2% in 2006, 84.7% in 2007
and 78.9 % in 2008. Another similar study
of 19 secondary public community hospitals
in Eritrea conducted by Kirigia et al. [27]
revealed that 42% hospitals were technically
efficient and 58% were relatively inefficient
with TE score of 83%. Whereas 68%
hospitals were technically efficient and 32%
were technically inefficient with PTE score
of 90%. 42% hospitals were scale efficient
and 58% scale inefficient with SE scores of
88%. Thus, the available evidences from
above studies indicate that technical
efficiency (TE) scores vary between 49% and
90% whereas scale efficiency (SE) scores
vary between 79% and 91%.

Total
Change

Factor Productivity (TFP)

The present study depicts that overall mean
TFPCH is 1.094 which indicates that out of
9.4% growth, 5.9% is by TECHCH (1.059)
and 3.3% by EFFCH (1.033).

A similar study of emergency units of 15
hospitals in Montreal Canada for 1997-98
and 1998-99 conducted by Owuellete and
Vierstraete [28] revealed that overall mean
TFPCH was 0.92, EFFCH was 0.94 and
TECH was 1.05. That is, 8% decrease in
productivity was primarily attributed to a
decrease in efficiency.

Another study conducted by Gannon [29] on
samples of 6 regional, 8 general and 22
country hospitals in Ireland for the period
1995 to 1998 revealed that regional hospitals
had TFPCH of 1.028, EFFCH of 0.994, and
TECH of 1.034. The general hospitals had
TFPCH equal to 1.012, EFFCH equal to
0.999 and TECH equal to 1.013 The country
hospitals had TFPCH of 0.997, EFFCH of
1.005 and TECH of 0.992. Therefore, on
average the productivity of both regional and
general hospitals improved while that of
county hospitals declined between 1995 and
1998. Dash [30] applied Malmquist DEA to
study productivity of 29 district
headquarters hospitals in India during the
period 2002 to 2007and found TFPCH value
of 1.2358, EFFCH of 1.15 and TECH of 1.07.
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Therefore, the 23.6% hospital productivity
growth was explained by a 15%
improvement in efficiency combined with a
7% increase in innovation. Kirigia et al.[31]
estimated the performance of 28 municipal
hospitals in Angola using Malmquist DEA
over the period (2000-2002) and found
TFPCH wvalue of 1.045, EFFCH wvalue of
1.127 and TECH of 0.927. Tlotlego et al.[26]
applied Malmquist DEA to Botswana
district hospitals and found an average
TFPCH score of 0.985, EFFCH of 1.031 and
TECH of 0.955. That 1s, TFPCH decreased
by 1.5% due to 3.1% increase in EFFCH and
4.5% decrease in TECH. Mogha et al. [25]
showed in their study that Uttarakhand
hospitals had a TFPCH value of 1.049,
TECH of 1.026 and TECHCH of 1.022. That
1s, the 4.9% hospital productivity growth
was explained by a 2.6% improvement in
TECH combined with a 2.2% increase in
TECHCH. Thus, some of the available
studies show TFPCH lower than one while
others show greater than one.

Conclusion

The present study made an attempt to
assess efficiency, allocative efficiency and
total factor productivity growth in public
hospitals of Haryana state and measured
technical and scale efficiency applying DEA
models, viz. (i) Charnes, Cooper and Rhodes
(CCR) model and (11) Banker, Charnes and
Cooper (BCC) model. The slack wvariable
analysis has been undertaken for greater
understanding of the factors involved in
each element’s productivity or non-
productivity. The average value of TE 0.39
means that the government hospitals in
Haryana may  possibly reduce the
consumption of inputs by 61 percent without
reducing the outputs. The comparison of
three efficiencies reveals that in government
hospitals in Haryana, aggregate efficiency
has been contributed more by the efficient
conversion of inputs than by the increase in
size of plant, as PTE score (0.85) is much
higher than the SE score (0.44). The analysis
of input and output slacks indicates the
inefficiency of public hospitals in Haryana.

The public hospitals possessing value of
technical efficiency score less than unity
indicate inefficiency and observe slacks in
inputs and outputs. To make a particular
hospital efficient, all slacks in inputs and
outputs have to be eliminated.
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An efficient hospital does not have any input
and output slacks. 60% hospitals make
efficient use of input related to doctors
whereas 35% hospitals have been efficient in
using support staff efficiently.

Similarly 60% hospitals were found working
efficiently  regarding inpatients. 85%
hospitals were found working efficiently
regarding outpatients. About 55%
government hospitals have been found
moderately efficient in allocating their
resources. Since cost efficiency (CE) is a
product of technical efficiency (TE) and
allocative efficiency (AE), it has been
observed that technical efficiency has the
major contribution in cost efficiency, because
the technical efficiency score is much higher
than allocative efficiency score.

TFP change has been estimated by using
multi-input and multi-output constant
returns to scale input oriented DEA model.
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