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Abstract 

Aim & Objectives: The determination of this project is to produce a comprehensive 

prose review of works in health care on data envelopment analysis (DEA). The aim of 

this revision was to look at many revisions on healthcare efficacy that were conducted 

in India and to compare it with global studies. The study also portray where India lies 

when compared with World health expenditure index. The input and output variables, 

as well as which decision-making unit (DMU) was employed most frequently in these 

studies, were also determined. 

Method: One of the utmost and often utilized efficiency measuring procedures in health 

care is the data envelopment analysis (DEA). Selecting input and output variables is 

precarious for analyzing the efficacy of decision-making components in DEA. This 

assortment is subjective since it varies from investigator to investigator. From 1991 to 

2021, researchers looked at papers on the usage of DEA in health care. 

Results & Conclusions: It is obvious that India's governmental healthcare systems are 

inefficient, while private enterprises are enlightening the efficiency of the industry. In the 

entire research, hospitals were utilized as decision-making units. In the bulk of the 

research, a range of physicians, nurses, bed and paramedical staff were employed. A large 

amount of IPD, OPD, and surgeries were the most common output variables. Moreover 

India lies far behind the global marking in case of healthcare expenditure.  

Keywords: Healthcare, Data Envelopment Analysis, efficiency, review 

 

INTRODUCTION  

Health services are vital for all countries since 

they are one of the measures of a society's 

development. Healthcare breadwinners should 

be more cautious in delivering healthcare 

facilities and examine their efficiency as a 

result of the acceleration of globalization, 

advancements in technology, increased 

awareness among healthcare consumers, and 

growing health-care prices.  

Today's needs are limitless, but the resources 

available to address them are scarce. As a 

result, one of the greatest crucial aspects of 

challenging in a changing and evolving 

ecosphere is to effectively and efficiently 

practice existing assets. It is vital to establish if 
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capitals are being used proficiently, at what 

level they are being used resourcefully, and to 

compare nations or firms that function in the 

similar industry or generate related 

products/facilities. Efficacy investigation is 

one of the most often utilized approaches by 

academics for this goal. It is thinkable to 

determine the existing condition, weaknesses 

and powers, relate with comparative activities 

of similar monetary units, determine 

differences and conduct further analyses on 

these differences, identify priorities for 

decision-making, set strategies, accurate goals, 

and new plans for refining efficiency using 

efficiency measurement. This provides 

information that may be used as a guide for 

enterprises, administrations, and policymakers. 

The valuation of the comparative efficiency of 

decision-making elements that yield parallel 

outputs with parallel inputs is one of the 

fundamental difficulties in enterprise 

management. This is a problem that health-care 

institutions face as well. According to Moreno 

et al (1999), hospital efficiency may be 

improved if resources are distributed 

effectively by hospital administrators. Despite 

the various ways for measuring efficiency, the 

DEA method is becoming increasingly popular. 

DEA is a nonparametric, linear programming-

based method for calculating relative 

proficiency of numerous comparable decision-

making elements and producing alike outputs 

from comparable inputs. The "best" decision-

making unit is chosen using this procedure, 

which provides the greatest output composition 

with the minimum input configuration. The 

efficient border is dogged by this "finest" 

decision-making element. This is referred to as 

a "reference," and the inefficient decision-

making unit's efficiency is assessed radially in 

relation to it. Other decision-making units' 

efficiency is established by proportionately 

calculating their distance from this frontier. As 

a result, the DEA only evaluates all decision-

making element to the "best." Each decision-

making unit is analyzed individually in the 

DEA, and their efficiency is judged by whether 

they are above or below the efficient frontier.  

The most essential difficulty for researchers 

doing DEA applications is determining inputs 

and outputs. In light of this, the purpose of this 

revision was to discover which of the decision-

making element, as well as which among the 

input and output variables, are usually engaged 

in the evaluation of health efficiency. As a 

result, this research will assist scholars and 

teachers in evaluating the proficiency of health 

care utilizing DEA in rapports of input and 

output factors, which is the most critical stage 

of DEA solicitations. 

 

Data Envelopment Analysis in Health Care 

Sector 

In the health industry, data envelopment 

investigation is an approach that is commonly 

selected and broadly employed. While some 

studies involving DEA in the health care sector 

have been circulated as research papers, others 

have been developed as systematic review 

papers. “Researcher’s looked at seventy-nine 

research from 1984 to 2004 that looked at the 

efficiency of hospitals using DEA in twelve 

different countries. The input and outcome 

variables are categorized in the research, and 

extensive information about them is provided” 

(O'Neill et al. 2008). “Researcher’s gathered 

research that used DEA to measure the 

efficiency of primary health care organizations. 

A total of 39 studies were examined as a 

consequence of specified criteria. Some 

characteristics are given in their study, such as 

the nations where the studies are done, the types 

and quantities of decision-making units, and the 

models. When looking at the graph showing 

changes in study numbers over time, it appears 

that the most research utilizing data 

envelopment analysis in primary health care 

services were completed between 2011 and 

2014 (Pelone et al. 2015). “Investigators used 

data envelopment analysis to investigate over a 

hundred papers published in Turkey between 

1997 and 2012. They discovered that DEA was 

mostly utilized to assess the efficiency of health 

and financial organizations. Because there is no 

specific rule for selecting inputs and outputs, it 

is a subjective problem. The resources must be 

included in selected inputs, and the activities of 

decision-making units must be reflected in 

selected outputs. The efficiency metrics will be 
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unhealthy if the inputs and outputs of the 

analysis do not accurately represent the 

process. On the other hand, disregarding a 

critical variable might affect the efficiency 

outcome and lead to a reduction in the 

efficiency scores of the decision-making unit 

that employs the variable efficiently. As a 

result, a list of all variables considered 

necessary and impacted by the input and output 

selection procedure should be retrieved. The 

amount of inputs and outputs, on the other 

finger, should be maintained to a minimum. 

Because of this problem, the amount of 

decision-making units grows as the sum of 

variables grows. But this situation disrupts a 

homogeneity problem” (Ayrçay and Zçalc 

2014) 

When talking about the review studies 

conducted in India, the data tends to fall to zero. 

Even though the data envelopment analysis is 

done in India, it's not on a wider scale. All the 

studies are restricted to a limited frame. Thus 

this review help to portrait the entire studies 

conducted in India and will help future 

researchers to identify the dark areas of the data 

envelopment analysis studies. 

Studies on health efficiency in India are 

undertaken on a lower scale than in other 

countries throughout the world. “Researchers 

performed a research in 30 European nations in 

2014 and found that countries that altered their 

healthcare systems were more likely to attain 

better efficiency” (Kujawska, 2018). “In 2010, 

the researchers used data envelopment analysis 

to examine the healthcare efficacy of 30 

European countries. The findings show that a 

few of industrialized and emerging nations are 

on the verge of becoming more efficient, 

whereas the vast bulk of nations in the tester are 

inefficient” (Asandului et al., 2014). “The goal 

of the study was to find the most effective 

healthcare systems in a section of 17 EU 

countries. The most efficient healthcare 

systems, according to the findings, are found in 

Sweden, the United Kingdom, and Romania, 

utilizing the Data Envelopment Analysis 

(DEA) approach” (Dincă et al., 2020). “The 

objective of the revision is to determine the 

technological efficacy of Asian health systems. 

The paper's major results indicate. Around 91.3 

percent (42 of 46 nations) of the Asian 

countries surveyed were inefficient in their use 

of healthcare resources. The majority of the 

efficient countries were high-income 

countries” (Ahmed et al., 2019). “The 

researchers looked at the usefulness of 

healthcare and prosperity policies in 34 Asian 

emerging nations. According to the findings, 

creating an investment environment with a 

unified strategy and management is a critical 

component in increasing the efficiency of 

investments in the healthcare and welfare 

sectors. The consistency with which the 

national policy approach is implemented is also 

critical for each country's medium- to long-

term goals to be met. The study also state that 

the health indexed in India are lower than the 

average of 34 Asian Countries” (Kim et al., 

2020). “The researchers used a DEA 

programme to compare the performance of 

nations in the Middle East and North Africa. 

The effectiveness scores have a strong 

association with the wealth of the nations (in 

terms of GNP per capita) but not with the size 

of the countries, according to regression 

analysis” (Ramanathan, 2006). “The 

investigators evaluated the healthcare 

efficiency of the United States through data 

envelopment analysis from the data collected 

from 2005 to 2012. The results revealed that the 

state hospitals were only 15.4% efficient” 

(Chen et al., 2017). The input and output used 

in these studies are listed below 

 

Sl no Inputs Outputs 

1 Health expenditure per capita Life expectancy 

2 Financial and resources  Infant mortality rate/survival rate 

3 Level of infrastructure Incidence of T.B 

4 Health utilization GIM, GOM index 
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5 Number of doctors, nurses, beds, special 

equipment’s  

Number of IPD, OPD, Surgeries, Emergency 

visits 

Table 1: Variables of DEA 

Current health expenditure (% of GDP) 

 

Fig1: Health Expenditure (source: World Bank) 

METHODOLOGY  

The output and input variables of choice is 

grave, particularly in the health industry. In 

general, finding acceptable variables, obtaining 

precise input and output statistics, and 

accessing dependable records with standard 

descriptions of input and output is extremely 

challenging for health services. As a result, the 

goal of this research is to find out what input, 

output, and decision-making elements are used 

in revisions, how DEA evaluates healthcare 

sector efficiency, and what input and output 

elements have been employed in recent ages. 

To begin, researchers looked at the health-care 

literature to see how DEA judged efficiency. 

Data envelopment investigation has been 

employed in extensive assortment of research 

in healthcare delivery system, according to a 

thorough evaluation of the literature. To reduce 

the number of research and gather the most up-

to-date information, it was chosen to focus on 

those that spanned a thirty-year period. As a 

result, research involving the use of DEA in 

health care were investigated between 1991 and 

October 2021. India followed the LPG model 

and liberalized its economy in 1991. That’s 

why this 30 years have been considered for the 

search. 

Screening process  

All papers that use data envelopment analysis 

to estimate health care efficiency were 

examined in databases such as Google Scholar, 

Pub Med and Web of Science. Following that, 

certain eliminations were carried out based on 

the author's criteria.  

The inclusion and exclusion criteria  

• Using data enveloping investigation in 

presentations for health care sector 

• Only to embrace research article, not 

review article 

• Expending India, the attendance of 

health establishments functioning in 

India as decision-making elements 
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• To admittance the complete 

manuscript of research 

• Use only the studies published between 

1991 and Oct 2021 

• English is the only language 

considered 

•  "data envelopment analysis", 

"efficiency “or "efficiency analysis"  

announcements in the title of the study 

are taken into accord  

• Due to the scarcity of articles both 

Scopus and non-Scopus indexed 

articles were considered.  

There are only limited studies conducted in 

India on the basis of data envelopment 

investigation in healthcare sector. From the 

keywords search, a total of 103 studies were 

found. Only peer-reviewed publications were 

included in the search, therefore technical 

papers, conference paper’s, editorial 

documents, and book subdivisions were not 

included in the findings. 27 studies were 

deemed to be repetitive, leaving 76 unique 

research for the screening procedure. 

 

Within the scope of the investigation, 

publications that met these criteria were 

assessed. An over-all of 18 published 

manuscripts met the requirements for 

enclosure. These studies were analyzed based 

on the publication year, study kind, input 

variables, output variables, and decision-

making elements employed in the revisions. As 

a consequence of the findings, graphs and 

tables are used to display arithmetical and ratio 

data regarding input, output variables, and 

decision-making elements of periodicals that 

meet the requirements. 

Search strategy: The search was conceded out 

in acquiescence with the “Preferred Reporting 

Items for Systematic Reviews and Meta-

Analyses criteria” (PRISMA).   

Keywords for searching: Data envelopment 

analysis, Hospitals, Healthcare, India 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Records acknowledged from*: 
Google Scholar (n =61), Web of 
Science (n= 29) PubMed (n =13) 

Registers detached before broadcast: 
 
* Replica records detached (n = 17) 
* Archives marked as disallowed by 
computerization tools (n =8) 
* Records detached for other causes 
(n = 2) 

Archives screened 
(n =76) 

Archives excluded (n =41) 
 
Main reasons for elimination: 
* No efficiency analysis (11)  
* Non-healthcare sector related (24) 
* Attention on precise healthcare items (6) 
 

Reports pursued for 
repossession 

(n =35) Reports not recovered 
(n = 0) 

Reports evaluated for suitability 
(n =35) 

Reports omitted: (n= 17) 
 
Main causes for exclusion: 

* Non-healthcare sector connected (8) 
* No DEA, empirical exploration, actual data 
(3) 
* Focus on specific healthcare units/topics (2) 
* No incorporation of techniques (4) 
 

Identification of revisions via databanks and records 

Id
e

n
ti

fi
c
a

ti
o

n
 

S
c

re
e

n
in

g
 

 



Jithin Gangadharan K   , et. al.                                                                                                                        2481   

 

© 2021 JPPW. All rights reserved   

 

 

 

 

 

 

 

 

 

 

As a consequence of the discoveries, graphs 

and tables are used to display arithmetical and 

ratio data regarding input, output variables, and 

decision-making elements of publications that 

meet the requirements. 

RESULTS 

The competence of various decision-making 

components is assessed using a variety of input 

and output factors. It was established in this 

investigation which output and input variables 

were often utilised in the papers. However, 

because Data envelopment analysis is a data-

driven approach, the findings are highly 

dependent on the factors used. As a result, 

information regarding the most regularly used 

output a input nvariables to measure hospital 

competence was included in this work to offer 

uniformity. 

After 2010, DEA was widely employed in India 

to assess the effectiveness of healthcare 

services. The list of publications per year in 

efficiency in healthcare sector by using data 

envelopment analysis in India is shown in 

figure 1 

 

Fig 2: No. of publications per year 

Evidence about input variables used in the 18 

publications that nominated the hospital as a 

decision-making element is given in Figure 2. 
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Fig 3: input variables used in the articles 

Evidence about output variables used in the 18 

publications that designated hospital as a 

decision-making element is given in Figure 3. 

 

Fig 4: output variables used in the articles 

The total of the integers is higher than 18 since 

more than one input and out variable is utilized 

in the same research. 
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The data shows that the efficiency of hospitals 

in India was taken for study and assessment 

only after 2010 and the studies that have been 

conducted state-wise is alarming. A study 

conducted in 2013 among public hospitals in 

Madhya Pradesh reveals that out of 40 hospitals 

selected only 20 of them are efficiently working 

(50%). A study in the state of Bihar conducted 

in the same year shows out of 37 selected public 

hospitals only one is efficient (2.7%). In 2014 a 

study among 78 public hospitals in West 

Bengal was conducted out of 26 that were 

technically competent (33%). In the same time, 

a comparative study among public and private 

hospitals was done in Bihar which sketched 

multiple input-output methods that can be used. 

In 2015 Uttarakhand and Tamilnadu conducted 

a study among their public hospitals and found 

out the efficiency of 27.73% and 29% 

respectively. In the same year, a study assessed 

the health efficiency in India and revealed the 

healthcare sector is only 22% efficient. The 

only better result came from the state of Kerala 

which portrayed the NRHM as functioning 

effectively with a score of 78.5% in 2017. In 

2018 a study claimed that only 16.6% of the 

Kerala govt hospitals are effective. In 2020 a 

study among private hospitals in a district of 

Kerala revealed that out of 20 selected hospitals 

12 are efficient (60%). 

Though the public healthcare sectors are not 

running up to the mark, the private healthcare 

sectors in India is improving day by day. A 

study conducted in 2011 among private 

sanatoria in India showed out of 15 selected 

sanatoriums only 2 were efficient (13.13%) 

whereas it increased to 18 % in 2012. By the 

end of 2018 the private hospital's efficiency in 

India raised up to 54% and a study conducted 

in 2019 showed that from selected 25 hospitals 

7 were efficient (28%). A study in 2015 among 

the public hospitals in India revealed out of 21, 

5 were technically efficient (23.8%) 

Even though there are very limited studies 

conducted in India regarding efficacy of 

healthcare sectors through data envelopment 

analysis the review of health efficiency 

measurement in Indian hospitals clearly states 

that there is an upward trend in improving the 

efficiency among private hospitals in India 

whereas the public health care sectors are 

lacking the efficiency behind. 

Studies conducted in other parts of the world 

are also considered, and for the ease of 

classifying the data, the studies have been 

grouped into Asian countries, European 

countries, the US, Arab and African countries. 

The results show that European hospitals are 

efficient when compared to hospitals in other 

countries in the world. 

CONCLUSION  

The constant growth in health expenses, 

fluctuates the disease structure, advancements 

in medical research and expertise, and rivalry 

among facility suppliers have all necessitated 

health care amenities to be supplied 

successfully and economically in recent years. 

As a result, firms monitor their efficiency on a 

regular basis. In the literature, data 

envelopment analysis (DEA) is one of the 

greatest extensively used efficiency 

measurement methods. However, there is no 

universal DEA model that can fulfil the 

demands of all enterprises. According to its 

structure, each company selects the suitable 

input and output variables. The choice of input 

or output variables is a critical consideration 

that changes based on what you want to 

perceive as an outcome and which inputs or 

environmental factors are more likely to 

influence it. As a result, the input and output 

variables that are used to evaluate the relative 

efficacy of decision-making elements are 

carefully chosen. Furthermore, in order to 

quantify health outcomes, the proper analytical 

approach should be devised, which 

incorporates the maximum number of inputs 

and outputs. 

In health care, data envelopment investigation 

is frequently used to assess efficiency. In the 

health industry, the assortment of input and 

output factors is so perilous. In general, finding 

relevant variables based on the nature of health 

services, obtaining correct input and output 

data, and accessing dependable databanks with 

standard descriptions for input and output 

variables connected to healthcare sector is 
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extremely challenging. There are many inputs 

and outputs in the texts due to the lack of a 

customary input–output set in health care 

service sector. For researchers who wish to use 

data envelopment analysis to gauge efficiency, 

this is a painful and confusing scenario. This 

research will aid researchers, academics, and 

health economists by resolving the complexity, 

providing information on the utmost often used 

input and output variables, and assisting 

researchers, academics, and health economists. 

There is 18 research in this study that fulfill the 

author's criteria, and the entire readings utilized 

the hospitals as decision-making elements. 

Because the hospital was the sole decision-

making unit employed in this study, 

information regarding the supreme, extensively 

used input and output variables of publications 

that assessed hospital efficacy was supplied. 

The review states that the main stream studies 

have taken the sum of hospitals, nurses, doctors 

and paramedical workforce as their inputs and 

inpatient status, outpatient status, revenue, and 

a number of major and minor surgeries as their 

output variables. The majority of the studies 

have focused on the CCR model and adopted 

the input-output VRS model. Seldom studies 

are primarily focusing on Slack based DEA 

model which is a new and revised one, that 

deals with slacks directly. The review is very 

shocking that the healthcare sector in India is 

not efficient up to the mark. All the studies 

conducted to evaluate the efficacy of public 

healthcare sectors in India are floating around 

20 to 30 percent efficiency. But the private 

players are working hard in this matter and their 

efficiency scores are increasing year by year. 

As a result, the goal of this work is to conduct 

a systematic review to discover widely utilized 

decision making elements, input and output 

variables in Indian health care. This research 

will aid hospital administrators, policymakers, 

researchers, academics, and health economists 

in better accepting the strengths, slits, and 

limits of appraising health efficiency. This 

research will also be added to the literature and 

future studies on healthcare efficiency. In 

forthcoming studies, it is suggested that holes 

in the choice of input and output variables be 

filled, as well as the incorporation of additional 

significant input and output components such 

as socio-economic and lifestyle characteristics. 

Education, income, unemployment, income 

disparity, and age structure were considered 

socio-economic variables, whereas cigarettes, 

alcohol, food choice, and pollution were 

considered lifestyle factors (Varabyova and 

Müller 2016). All of these elements, whether 

directly or indirectly, have an impact on one's 

health. Because health is a multifaceted idea, 

not a single concept. 

The researchers also found out that European 

countries are much higher in healthcare 

efficiency when compared with other countries 

in the world. In comparison, the Republic of 

India is far behind the rest of the world in terms 

of healthcare expenditure in terms of 

percentage of GDP. 

Compliance with Ethical Standards 

Conflict of interests Authors affirms that there 

is no conflict of interest. 

Funding:  No funding received to conduct this 

study 

Ethical approval: No human participants or 

animals were involved in this study. 

REFERENCE  

Ahmed, S., Hasan, M. Z., MacLennan, M., Dorin, 

F., Ahmed, M. W., Hasan, M. M., Hasan, S. M., 

Islam, M. T., & Khan, J. A. (2019). Measuring 

the efficiency of Health Systems in Asia: A 

Data Envelopment analysis. BMJ Open, 9(3). 

https://doi.org/10.1136/bmjopen-2018-022155 

Asandului, L., Roman, M., & Fatulescu, P. (2014). 

The efficiency of healthcare systems in Europe: 

A Data Envelopment Analysis Approach. 

Procedia Economics and Finance, 10, 261–

268. https://doi.org/10.1016/s2212-

5671(14)00301-3  

Barpanda, S., & Sreekumar, N. (2020). 

Performance Analysis of Hospitals in Kerala 

Using Data Envelopment Analysis 

Model. Journal of Health Management, 22(1), 

25-40. doi:10.1177/0972063420908372 



Jithin Gangadharan K   , et. al.                                                                                                                        2485   

 

© 2021 JPPW. All rights reserved   

Bhat, R., Verma, B. B., & Reuben, E. (2001). 

Hospital Efficiency: An Empirical Analysis of 

District Hospitals and Grant-in-aid Hospitals in 

Gujarat. Journal of Health Management, 3(2), 

167-197. doi:10.1177/097206340100300202 

Charnes, A., Cooper, W., & Rhodes, E. (1978). 

Measuring the efficiency of decision making 

units. European Journal of Operational 

Research, 2(6), 429-444. doi:10.1016/0377-

2217(78)90138-8 

Chen, Y., Wang, J., Zhu, J., Sherman, H. D., & 

Chou, S.-Y. (2017). How the great recession 

affects performance: A case of Pennsylvania 

hospitals using DEA. Annals of Operations 

Research, 278(1-2), 77–99. 

https://doi.org/10.1007/s10479-017-2516-1  

Chitnis, A., & Mishra, D. K. (2019). Performance 

Efficiency of Indian Private Hospitals Using 

Data Envelopment Analysis and Super-

efficiency DEA. Journal of Health 

Management, 21(2), 279-293. 

doi:10.1177/0972063419835120 

Current health expenditure (% of GDP) - India. 

Data. (n.d.). Retrieved January 22, 2022, from 

https://data.worldbank.org/indicator/SH.XPD.

CHEX.GD.ZS?end=2018&locations=IN&start

=2000&view=chart  

Davey, S., Raghav, S., Singh, J., Davey, A., & 

Singh, N. (2015). A comparative evaluation of 

public health centers with private health 

training centers on primary healthcare 

parameters in India: A study by data 

envelopment analysis technique. Indian 

Journal of Community Medicine, 40(4), 252. 

doi:10.4103/0970-0218.164394 

Dincă, G. Ţ., Dincă, M. S., & Andronic, M. L. Ţ. 

(2020). The efficiency of the healthcare 

systems in EU countries – a DEA analysis. Acta 

Oeconomica, 70(1), 19–36. 

https://doi.org/10.1556/032.2020.00002  

Dutta, A., Bandyopadhyay, S., & Ghose, A. (2014). 

Measurement and determinants of public 

hospital efficiency in West Bengal, 

India. Journal of Asian Public Policy, 7(3), 

231-244. doi:10.1080/17516234.2013.873340 

Gandhi, A. V., & Sharma, D. (2018). Technical 

efficiency of private sector hospitals in India 

using data envelopment 

analysis. Benchmarking: An International 

Journal, 25(9), 3570-3591. doi:10.1108/bij-06-

2017-0135 

Jat, T. R., & Sebastian, M. S. (2013). Technical 

efficiency of public district hospitals in 

Madhya Pradesh, India: A data envelopment 

analysis. Global Health Action, 6(1), 21742. 

doi:10.3402/gha.v6i0.21742 

Kim, Y. C., Park, M. J., & Atukeren, E. (2020). 

Healthcare and welfare policy efficiency in 34 

developing countries in Asia. International 

Journal of Environmental Research and Public 

Health, 17(13), 4617. 

https://doi.org/10.3390/ijerph17134617  

Kujawska, J. (2018). Efficiency of healthcare 

systems in European countries - the DEA 

network approach. Metody Ilościowe w 

Badaniach Ekonomicznych, 19(1), 60–70. 

https://doi.org/10.22630/mibe.2018.19.1.6  

K.r., S. (2017). Performance Evaluation of 

Healthcare Systems. Journal of Health 

Management, 19(1), 121-131. 

doi:10.1177/0972063416682611 

Mogha, S. K., Yadav, S. P., & Singh, S. P. (2012). 

Technical and Relative Efficiency Assessment 

of Some Private Sector Hospitals in 

India. Advances in Intelligent and Soft 

Computing Proceedings of the International 

Conference on Soft Computing for Problem 

Solving (SocProS 2011) December 20-22, 

2011, 657-666. doi:10.1007/978-81-322-0487-

9_63 

Mogha, S. K., Yadav, S. P., & Singh, S. P. (2015). 

Slack based measure of efficiencies of public 

sector hospitals in Uttarakhand 

(India). Benchmarking: An International 

Journal, 22(7), 1229-1246. doi:10.1108/bij-12-

2013-0122 

Mogha, S., Yadav, S., & Singh, S. (2012). 

Performance Evaluation of Indian Private 

Hospitals Using DEA Approach with 

Sensitivity Analysis. International Journal of 

Advances in Management and 



2486    Journal of Positive School Psychology  

© 2021 JPPW. All rights reserved   

Economics, 1(2), 01-12. 

doi:10.31270/ijame/01/02/2012/01 

O’Neill, L., Rauner, M., Heidenberger, K., & 

Kraus, M. (2008). A cross-national comparison 

and taxonomy of DEA-based hospital 

efficiency studies. Socio-Economic Planning 

Sciences, 42(3), 158-189. 

doi:10.1016/j.seps.2007.03.001 

Patra, A., & Ray, P. K. (2017). Operational 

Efficiency Analysis of Public Hospital Systems 

of India: Application of Data Envelopment 

Analysis. Advances in Intelligent Systems and 

Computing Advances in Human Factors and 

Ergonomics in Healthcare and Medical 

Devices, 415-424. doi:10.1007/978-3-319-

60483-1_43 

Pelone, F., Kringos, D. S., Romaniello, A., 

Archibugi, M., Salsiri, C., & Ricciardi, W. 

(2014). Primary Care Efficiency Measurement 

Using Data Envelopment Analysis: A 

Systematic Review. Journal of Medical 

Systems, 39(1). doi:10.1007/s10916-014-0156-

4 

Prakash, V., & Annapoorni, D. (2015). 

Performance Evaluation of Public Hospitals in 

Tamil Nadu. Journal of Health 

Management, 17(4), 417-424. 

doi:10.1177/0972063415606267 

Purohit, B. C. (2015). Efficiency In Health Care 

Sector In Bihar (Ind13): An Exploratory 

Analysis Using Dea. African Journal of Health 

Economics, 04(02), 01-13. 

doi:10.35202/ajhe.2015.4201 

Ramanathan, R. (2006). Evaluating the 

comparative performance of countries of the 

Middle East and North Africa: A DEA 

application. Socio-Economic Planning 

Sciences, 40(2), 156–167. 

https://doi.org/10.1016/j.seps.2004.10.002  

Tigga, N. S., & Mishra, U. S. (2015). On 

Measuring Technical Efficiency of the Health 

System in India. Journal of Health 

Management, 17(3), 285-298. 

doi:10.1177/0972063415589229 

 


