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ABSTRACT

Introduction: Data envelopment analysis is an operational research-based method for estimating the efficiency of the general
execution of hierarchical units of hospital considering the availability of various data sources in form of inputs and outputs.
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Objective: This research focuses on analyzing operational efficiency and finding slack in the input of tertiary hospitals of Punjab.
Demand for health services is increasing but the availability of health services are still a big issue. In the present circumstance,
it has turned out to be difficult for hospitals in Punjab to guarantee increasingly productive methods for administrations. Under
the current conditions, it is fundamental to discover the fitting asset blend and its use.

Methods: VRS-DEA model of data envelopment analysis is applied on data collected from 1st January 2018to 31st December
2018 for hospitals inputs and outputs to analyze efficiency and find slack of 48 tertiary hospitals of Punjab of three different sizes
toward to output.

Results: This research indicates that smaller hospitals have an efficiency more than large size and mid-size hospitals as smaller
size hospitals average efficiency is .80. The mean efficiency of medium size hospitals is .75and large hospital is .71. Only 4hos-
pitals are working at the constant return to scale and working efficiently and 44 are inefficient as these 44 hospitals are suffering
huge slack in Inputs. Mean Slack of 27.31%, 18.5%, 9.5%o0bserved in large size, Medium size and small size hospitals in the
number of patients attended.

Conclusion: Hospital authorities must benchmark efficiency with the best performing hospitals in that area. Data envelopment
analysis must be used to distinguish the hospitals on basis of efficiency and policymakers can use this as a tool to evaluate the
performance of public hospitals and set key performance indicators for allocating fund to these hospitals.

Key Words: Data envelopment analysis, Input slack, Efficiency, Return to scale, Performance indicators, Operational research

INTRODUCTION ability of health services are still a big issue.? Among health

service providers in specialized care, the Private sector in

This research focuses on studying the operational efficiency Punjab is at the forefront and covering most of the area and
of tertiary hospitals of Punjab. A study to find association  ,opulation for providing health services. But still according
was conducted with the help of analysis of data envelopment (4 \orld health statistics report India is performing below
technique, which is used to find out the efficiency of tertiary average with 9 beds for 1000 patients which is very below
medical hospitals considered for the study. Data envelopment 1, global average. Govt. hospitals in form of community
analysis focuses on finding efficiency through input /output-  peaith centres and civil hospitals also started improving their
based model which follows linear mathematical formulas."* i frastructure to provide health services at a specialized level
As the demand for healthcare services in India is increas- ¢ still bed to patient ratio is not improving from last many
ing because of many reasons which include awareness for years as compared to the global average which is a matter
a preventive health checkup, Increasing population, Com- ¢ concern.>* A considerable amount of money invested by
plexity of disease and availability are major contributors to government bodies and private sector to improve infrastruc-
this. Demand for health services is increasing but the avail- {16 1o improve performance of services provided to people
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and to increase the availability of services to all but as a pop-
ulation of the country is huge that much infrastructure is not
enough. In that case, it will become very important for hospi-
tals whether private or government to optimally utilize their
existing resources, Data envelopment analysis is a technique
that is formulated to find operational efficiency in form of
logical and scale efficiency of the organization and to decide
their benchmark and operate according to benchmark or if
there is no benchmark then set the benchmark.* Health and
healthcare services are too different aspect which needs to be
distinguished, Health is related to person and healthcare ser-
vices does not only involve providing hospital services but
also to provide preventive services and post medical checkup
services also. In the present circumstance, it has turned out
to be difficult for hospitals in Punjab to guarantee increas-
ingly productive methods for administrations. Under the
current conditions, it is fundamental to discover the fitting
asset blend and its use. So also, it is important to distinguish
sources of relative cost wastefulness — specialized and allo-
cate both.>¢ The centre point of this study is on surveying the
hospitals in efficiency terms, for example, the perfect meas-
ure of inputs to deliver a given degree of output. The other
inspiration driving this investigation has been to see how to
address the issue of benchmarking in hospitals.

Organizational Structure of health Sector in
Punjab

In Punjab, both the public and the private division assume a
vital job in providing medicinal services administrations. It
is the Department of Health and Family Welfare under the
Public part which is in charge of preventive health services
benefits in Punjab. There is a four-level structure of me-
dicinal services conveyance framework in the State. This
contains Sub Health Centers (SHCs)/dispensaries at the
base giving the fundamental human services administra-
tions to a population of 3000-5000 individuals. Above it,
there is Primary Health Centers (PHC) serving a population
of 20000-30000 individuals.® It likewise fills in as a refer-
ral unit to six subcentres. Above Primary Health Centers
there are Community Health Centers (CHC) which serves
a population of 80,000 to 1.20 lac and a referral unit to
four PHCs. This entire extent of SHCs, PHCs and CHCs
goes under essential level healthcare where administrations
are constrained. To help primary human services admin-
istration there are secondary level medicinal services.The
information in Table 1 beneath demonstrates that since the
1990s, there was no impressive measure of increment in the
hospital framework in Punjab.

Table 1: Broad wise category Health centres during 2016 in Punjab

Hospitals Primary Health
centre

District 1991 2016 1991 2016
Gurdaspur 16 3 47 40
Amritsar 33 7 49 36
Tarn taran . 2 - 19
Kapurthala 7 3 10 13
Jalandhar 25 3 36 28
S.B.S.Nagar - 2 17
Hoshiarpur 16 4 41 32
Rupnagar 8 2 23 I
S.A.S.Nagar . 2 - 13
Ludh iana 27 5 35 33
Firozpur 17 4 38 34
Faridkot 17 3 40 8
M ukisar - 3 - 17
Moga I - 22
Bathinda IS 4 38 20
Mansa - 2 14
Sangrur 18 4 41 32
Bamala I . 11
Paiiala 19 -6 44 28
Fatehgarh Sahib 2 - 14
Punjab 203 62 442 444

Subsidiary Community Ayurveda Institu-
health centre health centre tions
1991 2016 1991 2016 1991 2016

127 120 6 1515 51 52
178 98 6 4 43 22
59 - 9 - 22

60 50 5 4 26 26

161 110 6 1 45 32

- 49 3 - 24
122 93 6 3 57 44

78 34 5 3 35 22

. 51 . 5 . 25
156 120 6 2 37 36
100 85 6 8 39 38
118 20 6 3 26 9

45 - s 11

. 53 5 - 7

116 70 6 9 39 27
38 - 4 - 12
117 73 6 6 43 31

. 36 . 4 . 12
132 72 6 10 S1 32

- 28 - 4 . 10
1473 1308 70 130 493 495

Source: Statistical abstract of Punjab 2016 Director, Health and family welfare, Punjab
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MATERIALS AND METHODS

Research Question

This research focuses on analyzing the operational efficiency
of hospitals and finding slack in the input of tertiary hospitals
of Punjab to set the benchmark for inputs as comparable to
outputs using data envelopment analysis.

Ethical Approval

Ethical approval of this study is taken from the senior medi-
cal officer of each district for selecting their hospital data
into the study and for private hospitals data is collected after
taking due permission from an administrative officer of the
hospital where data is not present online on their website

Study design

Data was collected from 48 hospitals in form of inputs and
outputs decided for calculating efficiency from 1% January
2018 to 31 December 2018 and the selection of hospitals
was made from the list of the hospitals being run by doctors
registered with the Indian Medical Association. Government
and private tertiary level hospitals with bed strength of more
than 40 were chosen for study from the Jalandhar, Hoshiar-
pur, and Amritsar and Ludhiana districts of Punjab. Hospi-
tals are selected based on quota sampling. Quota sampling is
done on basis of the size of the hospital, according to the ob-
jective of this research different sized hospitals are required
and three different sizes of tertiary hospitals are considered
i.e. 16 Small sizes hospital having bed strength between 40
and 70, 16 medium sizes between 70 to 100 and 16 large size
hospitals having bed strength more than 100.

Data analysis

Envelopment study of data is a linear mathematical program-
ming-based method for estimating the efficiency of the gen-
eral execution of hierarchical units of hospital considering
the availability of various data sources in form of input and
outputs. DEAOS free online \\tool was used for calculating
efficiency. This study introduces the input /Output technique
and uses a manual proportion of effectiveness, i.e.: how rela-
tive efficiencies can be settled around the centre on ineffi-
cient units set.”® Efficiency is usually considered in the range
of [0, 1]. Efficiency requires a typical arrangement of loads
to be applied to overall units and loads is given to each input
as per the DEA model. °1°

Inputs and outputs Variables from the hospital
for data envelopment analysis

Inputs data collected is in form of number of beds, number
of doctors, Nurses, Outpatient department hours per week of
working, laboratory hours per week and paramedical staff sup-
porting major staff doctors and administrative staff. Outputs
for calculating efficiency are Outpatient visits, Inpatients and

laboratory cases, Maternal and child healthcare all these are
types of cases treated and the number of cases. Basically for
efficiency calculation input and output are required. Data of
some of the hospitals are collected through secondary sources
and for some hospitals data is collected by visiting hospitals
and meeting administrative officers of hospitals after taking
due permission from SMO of the district. Outpatient and inpa-
tient are two very important parameters to calculate efficiency
in previous studies efficiency is calculated on basis of these
two only, But in this study laboratory cases and maternal and
child healthcare is also included which gives proper efficiency
of variable return to scale which is technical efficiency. All the
outputs are in form of the number of cases treated. Data is col-
lected from hospitals from annual book release and by directly
visiting the hospitals. The study includes the outputs efficient-
ly arranged. Those can be isolated into faculty, resources, or
assets and administrations.

RESULTS

In first stage efficiency of hospitals were analyzed, data en-
velopment analysis was utilized to analyze and evaluate the
efficiency of the hospital and in the second stage, slack val-
ues were analyzed ( Taable 2).

Table 2: Comparison of the efficiency of large, me-
dium and small size hospitals

Parameter Efficiency

Mean 0.76
Std. Dev. 0.16
Hospitals (Small Size) (n=16)

Mean 0.8
Std. Dev. 0.15
Hospitals (Medium Size)

(n=16)

Mean 0.75
Std. Dev. 0.16
Hospitals (Large Size) (n=16)

Mean 0.71
Std. Dev. 0.15

Slack Value in Large size Hospital

Slack values are value which is added to inequality constraint
to convert into to equality .Slack values of large size hospi-
tals mostly working at either increasing return to scale or di-
minishing return to scale all the values are derived from data
envelopment analysis of data collected .hospitals can employ
even 19 per cent fewer doctors to achieve the same output of
outpatients. .With the same number of inputs they can cater to
a large number of outpatient’s (i.e. 65000) (Table 3).
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Efficiency

score

DMU (Hospital)
LARGE SIZE HOSPITAL

Table 3: Mean Slack value of large size hospitals

Present

I/0 quantity  Target
Doctors 31 25.1
144
Beds 160
Nurses 44 41
Equipment’s 24 23
paramedical staff 16 16
65000
Outpatient visits 51000

Difference

(PQ-T)

-6
-16

14000

Percentage

Difference

--19.58064516

-10

-6.81818182
-4.16666667

o

27.4509804

Slack Value in Medium and Small Size Hospital

Hospital administrators have three options to them for op-
timally utilizing wasteful assets use: Expanding network of
hospital. Decreasing hospital inputs; or Hospital organiza-

for the wasteful medical hospitals to have gotten moderate-
ly productive, as a gathering, they would have expected to
build their outpatient division visits more than (18.05%) and
in small size hospitals patient visits can be increased to 9.5%

tion process changes in medical hospitals.'"'?All together ( Table 4 and 5).
Table 4: Mean Slack value of medium Size Hospital
Efficiency Present Parameter  Difference Percentage
DMU (Hospital) score I/0 quantity Target (PQ-T) Difference
Medium Size Hospital 0.75 Doctors 14 12 -2 -14.2857143
Beds 76 70 -6 -7.80473684
Nurses 34 30 -4 -11.7647059
Equipment 23 16 -7 -30.4347826
paramedical
staff 16 16 o o
Outpatient 27000 32000 5000 18.5185185
visits
Table 5: Mean Slack value of Small Size Hospital
Efficiency Present Difference Percentage
DMU(Hospital) score I/0 quantity  Target (PQ-T) Difference
Small Size
Hospital
0.80 Doctors 13 1 -2 -15.3333333
Beds 45 34 -1 -24.4444444
Nurses 29 23 -6 -20.6896552
Equipment’s 16 12 -4 -25
paramedical staff 13 13 o o
24000 26300 2300 9.58333333

= l—
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DISCUSSION

Present research indicates that smaller hospitals have an effi-
ciency more than the larger size and mid-size medical hospi-
tals as demonstrated in the above table smaller size hospitals
average efficiency is .80. The mean efficiency of medium
size hospitals is .75 and the large hospital is .71. As per our
outcomes, small size medical hospitals are generally more
efficient. The objective of small, medium and big size hospi-
tals are different as some concentrate more on care and qual-
ity some on quantity. Big size hospitals will in general incre-
ment their physical, innovative and medicinal work limit in
request to understand the requirement of far-reaching care.
Nature of care may essentially increment in parallel with the
addition of these limits. Strangely, huge size medical hospi-
tals are not performing like small and medium-size medi-
cal hospitals as far as scale effectiveness. As results estimate
large size hospitals don‘t work at an ideal scale size. , big
size hospitals may frame smaller patient consideration units
inside their association. Along these lines, large size medi-
cal hospitals not just take out the negative impact of their
non-ideal scale size, yet besides they make explicit treatment
units for patients.

Other than efficiency estimation this DEA model also pro-
vided important information about return to scale of hos-
pitals, Outcomes uncovered that all hospitals understudy
would result in:

The constant return to scale in 4 (8.33%) medical hospi-
tals, suggesting that their healthcare administration outputs
would increment to a similar extent. This implies hospitals
were working at their most gainful scale sizes.!*!3

Increasing return to scale in 23 (47.9%) medical hospi-
tals, suggesting that their healthcare administration outputs
would increment by a more prominent extent. These medical
hospitals subsequently expected to expand their size to ac-
complish ideal scale, for example, the scale at which there is
a steady return to scale in the connection among inputs and
outputs.'&!

Decreasing return to scale in 21(43.7%) hospitals, inferring
that their healthcare administration outputs would increment
by a small extent. medical hospitals would have expected to
decrease their size to accomplish ideal scale.!$"°

Slack values are valued which is added to inequality con-
straint to convert into equality. The present study uncovers
immense slack in the utilization of assets, for example, spe-
cialists, Beds. With better observing, medical hospitals will
have the option to serve more patients with existing assets
and in the current situation in the healthcare area in India, the
ideal use of assets in the segment is vital. in the first stage ef-
ficiency of hospitals are calculated and only 4 % of hospitals
are working at an efficient scale and 44 % of hospitals are
inefficient and now in this stage research is to find out the

cause of inefficiency that will cause input slack in Hospitals.
In this stage, analysis is applied to find whether these medi-
cal hospitals ideally use contributions for human services to
give out-persistent and good administrations to the overall
population if not what is the actual reason for inefficiency
and how much each hospital can contribute to out to reach
efficiency.

CONCLUSION

As indicated by research outcomes and findings, small size
hospitals are generally more efficient and have higher patient
satisfaction as compared to other hospitals. Medical hospi-
tal likewise concentrates on the reasons for low efficiency
before reconfiguring their entire hospital structure. The or-
ganization through decentralized set-up and the small zone
level authorities screens these associations and study slack of
every hospital. The activity of government is essential in en-
suring that finding slack is used effectively. This will require
making execution based pointers to screen the slack in the
input of hospitals and plan to manage to particularly work on
which area. In this research also many slacks are identified
in each hospital infrastructure use which can be regulated to
other paces if it is surplus. Moreover when an organization is
big then management must ensure efficiency consideration.
The health care industry can adopt Benchmarking scheme of
their services with the best one in the same field to improve
efficiency. The reason for benchmarking in medicinal servic-
es is to improve effectiveness, nature of care, understanding
healthcare and patient satisfaction.

RECOMMENDATIONS

DEA data envelopment analysis can be applied in the organi-
zation to solve the proper staffing problem. Utilizing infor-
mation to examine staff distribution can prompt operational
productivity. Information on patient volume can be recorded
and medical hospital staff can be suitably designated depend-
ent on the equivalent. The present research demonstrates that
smaller medical hospitals have a more significant level of
effectiveness than bigger and medium-size emergency hos-
pitals as appeared in the above table smaller size hospitals
normal efficiency is .80. So two hundred bed hospitals are
more efficient than one 200 bed hospitals. In a country like
India here Population is very high small hospitals with more
outreach is required. Healthcare operations management is
urgent for the effective working of healthcare administra-
tions, particularly when the medicinal services segment is
experiencing a lot of changes.

FUTURE SCOPE OF STUDY
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This study provides the idea about how to evaluate the ef-
ficiency of tertiary hospitals. This methodology can act as a
tool to benchmark efficiency for hospital authorities for best
in that area. The technique utilized right now i.e. Data envel-
opment analysis to distinguish the hospitals on basis of ef-
ficiency, which can improve their administration. In past, the
checking and assessment of these foundations have stayed a
significant issue. The administration through decentralized
set-up and the area level healthcare specialists can screen
these foundations. The job of the government is very basic
in guaranteeing that hospital infrastructure is utilized opti-
mally. This will require creating execution based pointers to
screen these awards using data envelopment analysis. The
procedure recommended right now help healthcare agencies
to recognize moderately less efficient medical hospitals. The
methodology suggested in this research can be used by the
Department of Health and Family Welfare to develop bench-
marks for monitoring and evaluating the performance of
both public and private hospitals. Based on the findings the
steps can be initiated to improve the efficiency of resource
use in hospitals. DEA can be applied to compare hospital
performance after Electronic Medical record system imple-
mentation
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