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Abstract
Data Envelopment Analysis (DEA) is a tool of decision-making which is based on non-parametric
approach measuring the relative efficiency of a set of comparable decision making units (DMUs). DMUs
like organisations, divisions or units which use similar inputs and produce similar outputs. DEA is used
by researchers to find out the efficiency frontier of such units. This paper tries to show how the
researchers have used DEA as an efficiency measurement tool in accounting research. This study
summarizes the key contributors to this area based on citation and analysis. Further it argues that
the field is now entering into a phase of empirical investigation and theoretical verification of some
core concepts. The application of the technique is limited exclusively to research that deals directly
with efficiency measurement. This is not meant for public use. This is not a presentable technique
in that way to the users of financial statements and information.
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Background
Data Envelopment Analysis (DEA) is a decision-making tool. This is based on linear programming
technique for measuring the relative efficiency of organisations having multiple inputs and outputs which
make comparisons difficult. It is used to empirically measure productive efficiency of organisations known
as decision making units (DMUs) such as local authority departments, schools, hospitals, hotels, shops,
dairy farms, bank branches, insurance companies and similar other non-banking financial institutions. Thus,
DEA is also applied in various disciplines like Economics, Econometrics, Operations Research and
Statistics is also increasingly used in both Management and Financial Accounting research as an efficiency
measurement tool. DEA has a strong link to production theory in economics. It is also used for
benchmarking in operations management where a set of measures is selected to benchmark the performance
of manufacturing and service operations. DEA is a non-parametric method used for estimation
of production frontiers. In 2014, Cook, Tone and Zhu have said that in case of benchmarking technique,
the formation of a production frontier does not necessarily be the efficient DMUs but rather lead to a bestpractice frontier. In 2013 according to Sherman and Zhu, DEA is referred to as balanced benchmarking.
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Besides non-parametric approaches, there are also parametric approaches which are used for the estimation
of production frontiers (Lovell & Schmidt, 1988). These require that the shape of the frontier be guessed
beforehand by specifying a particular function relating output to input.
Most of the empirical studies in accounting research had considered traditionally financial ratios as
performance indicators. Some of these were used to explain production and operational efficiency as well
in terms of financial costs. DEA emerged to be a modern decision making non-parametric tool in this
context.
DEA - An overview
The genesis of DEA lies in the seminal research work undertaken by Farrell (1957) and later popularised
by Charnes et al. (1978, 1979). Data Envelopment Analysis (DEA) is a non-parametric approach to measure
the relative efficiency of decision making units (DMUs) (Taylor, 2001). DMUs may be organisations,
departments or units which use similar inputs and produce similar outputs. DEA is defined as a linear
programming technique which identifies the best practice among a sample of units, and measures efficiency
based on the difference between best practice and the observed units (SCRC, 1997). In other words, DEA
attempts to measure the technical efficiency (TE) of DMUs. TE is expressed to increase quantities of
outputs from a given quantities of inputs.
This approach was first suggested in 1978 by Charnes, Cooper and Rhodes (CCR) and later extended by in
1984 by Banker, Charnes and Cooper (BCC). According to Charnes et al. (1994), DEA is widely used in
performance evaluation and benchmarking in hospitals, bank branches, libraries, production plants, etc..
The work of Charnes et al. is actually based on Farrell’s (1957) input and output method to measure
efficiency. According to Farrell’s technique, an efficiency frontier or a group of best performers (or
combinations of output that can be obtained from a given set of inputs) are plotted.
There are two basic models of DEA: (a) CCR Model and (b) BCC Model. CCR model assumes constant
return to scale (CRS). Here, technical efficiency (TE) is known as Overall Technical Efficiency (OTE) in
which both TE and scale efficiency (SE) scores are aggregated into a single value. BCC model assumes
variable return to scale (VRS) (i.e., increasing return to scale, decreasing return to scale and constant return
to scale). In this case, the measure of efficiency is known as Pure Technical Efficiency (PTE) which is
measured to get an efficient frontier assuming VRS. PTE is the efficiency index of a DMU which measures
managerial performance. As per these two models, a DMU is efficient with Technical Efficiency (TE)
having score 1 and inefficient if TE is less than 1. The ratio of OTE to PTE gives SE scale. SE measures
the efficiency of management to choose the optimum size of resources, production scale, etc..
DEA technique is becoming more and more popular now-a-days due to the following reasons:
i.

It can handle multiple inputs and multiple outputs.
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ii.

It makes direct comparison between the service units (DMUs) considering all resources used and
services provided. Then it finds out the most efficient performers like branches, departments,
individuals, etc., and the inefficient ones in which real efficiency improvements can be possible.

iii.

It tries to quantifying the qualitative factors.

iv.

By making each inefficient unit as efficient, calculation of the amount of cost and type of cost can be
possible by applying this technique. Thus, resource savings that can be achieved.

v.

The management can implement required changes in the inefficient DMUs in order to achieve potential
savings located with DEA.

vi.

The management receives information about DMUs by applying DEA approach that can be used to
help the inefficient units to become relatively efficient.

vii.

It can be used both in profit-making and non- profit seeking firms.

The limitations of DEA application are:
i.

Efficiency is measured as: efficiency = output / input. This measure is not sufficient due to the
existence of multiple inputs and outputs related to different activities, resources and environmental
factors.

ii.

Measurement error can cause significant problems.

iii.

DEA measures the relative efficiency of a DMU.

iv.

As DEA is a non-parametric technique, statistical tests are difficult.

Research Questions
The discussion on the above topic raises the following research questions:
1. What is the prospect of DEA as a non-parametric technique to assess relative efficiencies of a set of
DMUs?
2. How the accounting researchers have used the tool in their research studies?
Review of Literature
International Studies:
1. Michael Trick (1996), in chapter-12 of his Operations Research Page, introduced DEA for those who
are not familiar with the technique. According to him, DEA technique is commonly used to evaluate the
efficiency of a number of producers. Here, producers mean decision-making units or simply DMUs.
DEA compares each producer with only the ‘best’ producers. His study has explained the concept
through banks as DMUs with a certain number of inputs and outputs. The study has a fundamental
assumption behind this method – if a given producer, A, is capable of producing Y(A) units of output
with X(A) units of inputs, then the other producers should also be able to do the same if they were to
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operate efficiently. Again, if producer, B, is capable of producing Y (B) units of outputs with X (B) units
of inputs, then the other producers should also be able to do the same if they were to operate efficiently.
Then, producers A, B, and others can be combined to form a composite producer with composite inputs
and composite outputs. As this composite producer does not exist, it is called as virtual producer. Thus,
the main moto of this analysis is to find out the best virtual producer for each real producer. DEA has
been applied in many situations like health care (hospitals, doctors), education (schools, universities),
banks, manufacturing, benchmarking, management evaluation, fast food restaurants, and retail stores.
The study also highlighted the strengths and limitations of DEA.
In the present study, the researcher illustrated the function of DEA with an example. Let there are three
banks each having 10 tellers (the only input). A bank is measured based on two outputs like cheques
cashed and loan applications. The given data of these banks are:
 Bank-A: 10 tellers, 1000 cheques and 20 loan applications.
 Bank-B: 10 tellers, 400 cheques and 50 loan applications.
 Bank-C: 10 tellers, 200 cheques and 150 loan applications.
In this case, by applying DEA it is to determine whether a virtual bank can be created which may be
better than the real banks. Considering a virtual bank which is better than Bank-A. Such bank would
use no more inputs than Bank-A and produce at least as much output as Bank-A does. A combination
of Bank-B and Bank-C cannot be better than the efficient Bank- A. Bank-C can is in the same situation
as Bank-A. Now, Bank-B is an inefficient one. If half of outputs of Bank-A and half of that of BankC can be combined, then a new bank can be created with 600 cheques and 85 loan applications with
just 10 tellers. Such bank is called as virtual bank which is much better than the inefficient Bank-B.
2.

Nuno Maleo (2005) explained the Data Envelopment Analysis (DEA) as a comprehensive guide to
the beginners. This paper studied DEA in a language easily understandable to academicians, students
and practitioners. According to Charnes et al., DEA is an Operational Research / Management Science
(OR/MS) methodology based on mathematical programming theory for assessing the relative
efficiency of DMUs having the same multiple inputs and outputs. The objective of DEA is to find out
whether a particular DMU is or not performing relatively more efficient than the efficient one having
same inputs and outputs. This objective can be achieved only by identifying an efficient or virtual
DMU that enable to construct an empirically based production possibility frontier known as ‘efficiency
frontier’ or ‘envelope’.
The term ‘envelopment’ tells us the fact that the inefficient DMUs are enveloped by the efficient
DMUs. The paper concludes by suggesting that the use of DEA is still the province of specialists and
that further researches would make it more widely accessible.
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3.

H David Sherman & Joe Zhu (2006) explained DEA in details along with its concepts for manager.
They have offered managers with the DEA foundation information on how to apply DEA, and how to
interpret DEA results to benefit a service organisation.

4.

Julie Harrison (2010) has taken a case study of New Zealand dairy farms which is used to demonstrate
the benchmarking capability of DEA. This model is essentially a practical tool that can be used by
academicians for research as well as by managers and practitioners for improved performance
measurement and accountability.

5.

Peter Zbranek (2013) measured the performance and efficiency of employees of a banking company.
The input variables of the used model were the motivational factors like salary, working conditions
and benefits, and the output variables were motivation, job satisfaction and organizational
commitment. By applying classical output-oriented CCR-DEA model in the baking business he rated
12 employees as fully efficient (out of total 60 employees). For the remaining 48 he recommended to
take measures to improve their performance, such as education and training plan and evaluate them
again over some time with the same variables. It was also found that the length of service has
statistically positive impact on employee performance. This increases their commitment to the
organization and they are willing to do more. The performance of the employees who work for the
company for more than 10 years, however, is worsening probably due to reduced work motivation.
That is why the management of the organization should motivate them more.

6.

Julie Harrison and Paul Rouse (2016) have considered the accounting information in DEA in their
study. They have examined some advantages and disadvantages of using accounting information in
DEA models.

7.

Peter R Demerjian (2017) calculated efficiency using DEA with large financial accounting panel
datasets. He considered one output i.e., sales and three inputs i.e., capital A, capital B and expenses.
He considered a sample of 1600 DMUs for a number of years. His analysis suggested that the method
of calculating efficiency with panel data, separately by year or by pooling multiple years, could not
provide strong inference. According to him, the researchers must not believe that the efficient frontier
may be relatively stationary over time. If so then calculated efficiency scores by year show few errors.

National Studies:
8.

Roma Mitra Debnath and Ravi Shankar (2008) have tried to model and evaluate the efficiency of
50 Indian banks by using Data Envelopment Analysis (DEA) during the period 2004-05. The aim of
this paper was to estimate and compare efficiency of the banking sector in India. Out of 50 banks, there
are 11 foreign banks, 24 nationalised banks and rest 15 private Indian banks. The result of this study
indicated that among medium-sized banks no nationalised banks are efficient. But small and large
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nationalised banks are more efficient and are doing better than medium-sized nationalised banks. Out
of the sample, 41 banks had a decreasing return of scale which means a proportionate increase in all of
its inputs results in a less than proportionate increase in its outputs (implies excess in inputs and
shortage in outputs). Banks which are considered as an intermediation financial institute can attract the
consumers and the companies or manufacturers if they emphasise in rural areas.
9.

Suresh Vadde (2011) has analysed the performance of non-government financial and investment
companies (other than banking, insurance and chit-fund companies) during the year 2008-09. The study
is based on the audited annual accounts of 1,211 non-government financial and investment companies
(excluding banking, insurance and chit fund companies) which closed their accounts during the period
April 2008 to March 2009. The sample companies comprised of share trading and investment holding,
loan finance, asset finance, diversified, and miscellaneous. The segment of financial and investment
companies in the private corporate sector is highly skewed. The performance of sample companies
have measured as per profitability ratios (the traditional tool) like operating profit margin, return on
equity and return on assets. It was concluded that the growth of total income of such companies was
reduced in 2008-09 whereas growth of total expenditure go slower but higher than income. As a result
the operating profits declined in 2008-09.

10. Prasanta Pal (2011) intended to assess, compare, test and analyze the financial performance of five
listed NBFCs. The measurement and comparative analysis of financial performance of the companies
are intended to assist the finance managers, analyse their companies' activities from a financial
standpoint and provide useful information needed to take right kind of managerial decisions. By
applying different statistical tools and financial ratios (being traditional tool) it was found that the
selected companies differ significantly in terms of their financial performance indicators from one to
another and there are no significant differences in the last five years in the management of financial
performance but the companies have performed well in the last five years.
11. Manas Kr Baidya & Debabrata Mitra (2012) have measured and evaluated the technical efficiency
of 26 Indian public sector banks from the cross-section data of the financial year 2009-10 and ranking
of efficiency of such banks have been done. The study has done by using two DEA models – CCR
model and Andersen and Petersen’s Super-Efficiency model. The average technical efficiency of the
entire sample is 86.5% and only 7 banks (23%) are fully efficient. There is a scope of efficiency
improvement of 19 such banks. The study has found that the banks which are using more labour for
providing their services are relatively more inefficient. These banks should follow good operating
practices of Indian Bank, Allahabad Bank, State Bank of India and Corporation Bank.
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12. Shivi Agarwal, Shiv Prasad Yadav and S P Singh (2014) applied a new sensitivity model in order
to determine the strength of the efficiency scores obtained by DEA by changing the data set of the
decision making units (DMUs). By applying the sensitivity model they empirically examined the
robustness of the efficiency scores of 15 regions of Uttar Pradesh State Road Transport Corporation
(UPSRTC) in India which are obtained by new slack model of DEA. The results of this study revealed
that the efficiency scores of those regions are robust that means they are not sensitive to the efficient
regions.
13. Rosy Kalra (2016) has investigated the performance of 20 asset-based NBFCs during 2006 -2015. The
study tells that performance of NBFCs is improving. Importantly, the results indicate that NBFIs are
the dominant market players of the financial sectors through which the financial resources are
effectively channelized for savers to the users in the economy.
14. Deepak Kumar and Srinivasa Suresh P. (2017) have examined the financial performance of NBFCs
in India during 2001-05. Technical and allocative efficiencies of 50 NBFCs have been analysed by
applying DEA. The study found no direct relation between the experience and performance of the
companies at different time period, 2001-05. In this study, DEA is used to measure the technical
efficiency (TE) of NBFCs. Here, the TE is measured by total liability and equity capital as two input
variables, and operating profit and investments as two output variables. It is observed that among
different categories of sample NBFCs, loan companies were found to be efficient and other segments
of companies were found to be inefficient during the study period. The study also revealed that not
only the internal factors but many external social and economical factors affect the performance of
NBFCs.
15. Siddhartha Sankar Saha and Mrityendu Narayan Roy (2018) have investigated into the relative
efficiencies of 24 insurance companies (23 private and LICI being one public company) during 201516 using a three input – three output variables’ framework. It has been observed that 5 out of 24
companies are efficient while marginally inefficient companies can achieve efficient status by slightly
changing their operational strategy. And those companies having lowest efficiency scores require an
inclusive internal remedial measure for their improvements.
Findings
This paper identifies the key contributors to the field based on citation and analysis. The researchers
have used DEA in a variety of areas like operations and management accounting for many years. But
only recently this method has been employed widely in many studies in financial accounting. This
interest in DEA in financial accounting contexts stem from the research work of Demerjian et al.
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(2012). It further argues that the field is now entering into a phase of empirical investigation and
theoretical verification of some core concepts.
As per Demerjian (2017), use of DEA is relatively new to the financial accounting literature. DEA is
flexible enough to provide an insight into a variety of applications using financial data although most
of these applications have focused on measuring the operating efficiency of the firm.
The application of the technique is limited exclusively to research that deals directly with efficiency
measurement. DEA is used by researchers with a view to find out the efficiency frontier of the DMUs.
This is not meant for public use. Till date this is not a presentable technique in that way to the users of
financial statements and information. But there is a hope in getting a modified DEA method that can
deal with large panel datasets in financial accounting areas in near future.
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