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ABSTRACT 

Data Envelopment Analysis (DEA) is one of the most widely used tools for measuring efficiency, especially 

in the banking sector. However, one of the major issues that arise in front of the researchers or practitioners 

is the selection of input or output variables. Different DEA approaches are available based on literature 

review, which views banks from different perspectives; some view banking as an intermediate while others 

view it as a producer. The main motive of this paper is to provide insight into different approaches of DEA 
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and the specification of variables as input or output variables based on it. The present study discussed five 

approaches: intermediate, production, asset, value-added, and user cost. Moreover, the study discusses 

different software for measuring DEA efficiency to provide information to novice researchers or 

practitioners. 

Keywords: Data envelopment analysis, approaches, software, efficiency. 

 

INTRODUCTION 

Data Envelopment Analysis is a linear programming-based approach first initiated by Charnes et al. (1978), 

based on Farrell's 1957 research work used for measuring the relative efficiency of decision-making units 

(DMU'S) using multiple inputs and multiple outputs as a variable. Decision-making units in the DEA model 

are the set of peer units that measure efficiency. It is a non-parametric approach capable of handling multiple 

inputs and outputs (Asmild et al. (2004). The efficiencies of all the decision-making units are measured by 

comparing with other decision-making units by allocating weights to the corresponding input and output 

variable and putting simple restrictions that all DMU lays on or below the efficiency frontier. If a DMU 

lies on the frontier, it is referred to as an efficient unit; otherwise, it is considered inefficient (Sufian, 

2011).    

A DEA model developed is either input-oriented or output-oriented. An input-oriented DEA model reduces 

the input amount as much as possible while keeping the output at present levels. In contrast, an output-

oriented DEA model focused on maximizing the output level without changing the input amount (Cooper et 

al., 2004) (Mukherjee et al., 2002). The basic DEA model that CCR presents (Charnes et al., 1978) is based 

on the assumption that scales of operations and efficiency have no significant relationship by assuming 

constant returns to scale (CRS). It applies only where the DMUs operate at their optimal level and provide 

only overall technical efficiency. The CCR model was then modified (Banker et al., 1986), which adjusted 

the model to variable return to scale and provided overall technical efficiency, pure technical efficiency, 

and scale efficiencies. 

The basic idea behind the present study is to answer questions that arose to every researcher, reviewer, or 

stakeholder before initiating banks' efficiency measurement study. These are the appropriate approach for 

inputs and outputs specification as performance indicators for bank efficiency studies using DEA, the 

appropriate model (input or output-oriented), and the appropriate assumption (constant return to scale or 

variable return to scale). As discussed in this study, researchers face these problems repeatedly. The present 

paper is different from the previous studies that generally focused on bank efficiency measurement (Barr 

et al., 2002; Gupta et al., 2008; Bhatia & Mahendru, 2016; Chaluvadi et al., 2018; andSufian, 2011) and 

determinants of bank's efficiency measurement (Delis & Papanikolaou, 2009; Sufian et al., 2016a; 

Řepková, 2015; and Gardener et al., 2011). 

The rest of the paper is structured as preceding the introduction; the second is about the relevant literature 

review; the third is about the input and output variable approaches for the efficiency measurement of banks; 

the fourth is about the study's conclusion. 

LITERATURE REVIEW 

Several studies examined the banks' efficiency in many contexts; the present study has referred to some. In 

one of the areas of DEA-based efficiency measurement method of banks, Barr et al. (2002) applied a 

constrained-multiplier input-oriented data envelopment analysis (DEA) model to measure the productive 

efficiency of U.S commercial bank performance using an intermediation approach for input and output 

selection. Bhatia and Mahendru(2016) applied DEA on an assumption of a variable return to scale(VRS) 
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for measuring the technical efficiency(overall technical efficiency, pure technical efficiency, and scale 

efficiency (SE) scores) of Indian public sector banks (PSBs) by employing an intermediation approach for 

input and output selection and results demonstrated that out of 26 banks, 7 banks operate at total efficiency. 

Chaluvadi (2018) evaluated a comparative performance efficiency of Indian public sector and private sector 

banks using a two-stage network DEA approach (variable return to scale and constant return to scale) and 

studied the soundness of the study using sensitivity analysis at the end of the study. Kaur and Gupta (2015) 

investigated the productive efficiency of Indian banks using the DEA intermediation approach of 57 banks 

from 2009 to 2013. The results show that SBI and its associates' banks are most efficient, followed by 

private and public sector banks. Hanif Akhtar (2010) applied the DEA intermediation approach to examine 

Saudi banks' efficiency and Malmquist productivity indices to measure the changes in productivity. It 

concluded that there is a productivity improvement due to technology change, not efficiency change. 

Sufian et al. (2016b) developed a two-stage framework for investigating the effect of the origin of a bank 

on the efficiency of Malaysian banks and also analyzed the determinants of bank efficiency. In the first 

stage, efficiency was measured using Data envelopment analysis. The bootstrap regression is employed in 

the second stage to measure the effect of banks' origin on their efficiency from 1999 to 2008. The 

intermediation approach was used for input and output selection. The study results show an increase in the 

Malaysian banking sector efficiency, and Asian countries' banks are relatively more efficient than foreign 

countries' banks. The size, non-interest, and capitalization positively affect productive efficiency, while 

stock market capitalization adversely affects Malaysian banks' technical efficiency. The comparative study 

of Eyceyurt Batir et al. (2017) examined Turkey's conventional and participation banks' technical, 

allocative, and cost-efficiency using the DEA intermediation approach and identified the factors that affect 

efficiency using Tobit regression analysis. It was found that conventional bank is comparatively less 

efficient than participation bank. In the case of conventional bank expenses, loan quality has a negative 

relation with efficiency, while these have a positive relation with efficiency in the case of participation 

banks. Total loans have a positive relationship, while external factors negatively affect the efficiency of 

both types of banks. Kumar (2008) analyzed the relationship between efficiency and profitability of Indian 

public sector banks using the DEA intermediation approach. Zhu et al.(2020) measured the operational 

efficiency and productivity growth change using the DEA intermediation approach and Malmquist 

productivity index (MPI) of Pakistan's private, public, and foreign banks from 2006 to 2017. The study's 

findings show that foreign banks performed better than the domestic banks (public and private sector 

banks), while in comparison to private sector banks, public sector banks performed better. 

Sufian(2011) critically examined the inefficiencies in the Korean banking sector using three different 

approaches of DEA-intermediation approach, value-added approach, and functional approach for showing 

efficiency score change with change in input and output, and the result shows that technical efficiency is 

higher under operating approach than the intermediation approach and value-added approach. 

Bhattacharyya et al. (1997) measured the productive efficiency and the impact of liberalization on 

commercial banks' productive efficiency in India using the DEA intermediation approach. Public sector 

banks were most efficient, followed by the foreign-owned and private sectors. Liberalization has a positive 

effect on foreign banks, not the private sector, and an adverse effect on public sector banks. Gupta et al. 

(2008) examined the productive efficiency Indian banking sector using the DEA intermediation approach 

and determinants of productive efficiency using Tobit regression analysis from 1999 to 2003, and the 

findings of the study show that there is an increase in the efficiency of the Indian banking sector; out of all 
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the banks, SBI and its group is most efficient, followed by private sector banks and other nationalized 

banks; the capital adequacy ratio (CAR) positively affects efficiency. 

Ataullah and Le (2006) studied the relationship between three elements of economic reforms (fiscal 

reforms, financial reforms, and private investment liberalization) and the efficiency of the Indian banking 

industry. The empirical findings derived from the DEA intermediation approach, OLS, and the GMM 

estimations show improvement in efficiency during the post-economic reforms era. At the same time, there 

is a negative relationship between the fiscal deficit and the efficiency of Indian banks. Davidovic et al.( 

2019) studied the efficiency changes of the Croatian banking industry and the effect of the EU on efficiency 

from 2006 to 2017 using the DEA intermediation approach on variable return to scale assumption, and the 

finding shows that the crisis has a baneful effect on Croatian banking industry but benefited from EU 

membership. Novickytė and Drozdz (2018) evaluated the efficiency and performance of Lithuania banks 

by employing the input-oriented DEA intermediation method with the constant return to scale (CRS) and 

variable return to scale (VRS) assumption. The local banks show better results, while based on the CRS 

assumption; Nordic parent group-owned banks show better efficiency than the local banks. Hon et al. (2011) 

summed that there was an improvement in the efficiency of Malaysian banks during the post-liberalization 

and post-deregulation period from 2001 to 2005 by employing the input-oriented DEA intermediation 

method. 

DATA ENVELOPMENT ANALYSIS 

Farrell (1957) was the pioneer of the efficient frontier for defining technical and allocative efficiency. Its 

work was further extended by Charnes, Cooper, and Rhodes-CCR (1978) by introducing the term Data 

Envelopment Analysis. DEA is a non-parametric approach that assesses a firm's performance on the set of 

other decision-making units (DMUs) using different inputs to produce different outputs. All firms with 

certain homogeneity and inclusion in the study for efficiency measurement are known as decision-making 

units (DMU). The firm with a score of 1 on the production frontier is the most efficient, while the others 

scoring between 0 and 1 are less efficient. 

Overall Technical efficiency that assumes a constant return to scale (CRS) is broken down into two parts; 

pure technical efficiency assumes a variable return to scale (VRS) and scale efficiency (SE). The constant 

return to scale (CRS) means that output will be changed with the same amount as the input amount change. 

While the variable return to scale (VRS) is the opposite of it and includes both the increasing return to scale 

(IRS) and decreasing return to scale (DRS), where the former means that the propionate increase in input 

amount results in more than propionate increase in the amount of output, while the latter means that 

propionate increase in input results in lower propionate increase in the output amount. 

The basic model for DEA is the CCR model introduced by Charnes et al. (1978) based on the assumption 

of constant return to scale (CRS) and assumes no significant relationship exists between efficiency and 

scale of operations. It delivers overall technical efficiency. However, the assumption of CRS is justifiable 

only where all the firms in the set (DMUs) operate optimally. Then the CCR model was modified by Banker 

et al. (1984) BCC model, which is based on a variable return to scale (VRS) assumption is used to measure 

the efficiency of DMUs. The assumption of VRS allows measuring pure technical efficiency (PTE), which 

measures technical efficiency except for scale efficiency (Sufian, 2007). 

A DEA model is either input minimization or output maximization orientation. The input-oriented model 

focuses on reducing the input at a minimum level by maintaining the output at present levels. In contrast, 

the output maximization model maximizes the output level by maintaining the input at the present level. 
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For DMU, the basic CRS input-oriented model is calculated as follows: x1, x2… are inputs, and y1, y2…. are 

outputs, and s is the slack variable. 

Min θ-ε (∑ 𝑠𝑖
_

𝑚

𝑖=1
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+
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𝑟=1
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The CRS output-oriented model is calculated as following: 
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+ = 𝜙𝑦𝑟𝑜    𝑟 = 1,2,3 … . , 𝑠; 

𝜆𝑗 ≥ 0                                     𝑗 = 1,2,3 … . , 𝑛; 

The BCC model, which considers variable returns to scale, can be formulated as below: 

Min(𝜗) = 𝜃 

Subject to 

Θ𝑥𝑜 − 𝑋𝜆 = 𝑠− 

𝑌𝜆 = 𝑦𝑜 + 𝑠+ 

𝑒𝜆 = 1 

𝜆 ≥ 0,    𝑠+ ≥ 0,   𝑠− ≥ 0 

DEA APPROACHES 

A widespread problem encountered during the banks' efficiency studies is the selection of variables (Input 

or output). The main reasons for the problem generally occurred due to the scarcity of sufficient data on 

relevant variables, difficulty in measuring banks' cost and output because many services are jointly 

produced, and prices are typically assigned to a bundle of financial services (Sufian, 2011). Further, DEA 

does not describe selecting a variable as an input or output; the model assumes that input and output 

variables are pre-identified for the study (Subramanyam, 2016). Moreover, some studies treat deposits as 

input, while some other studies treat them as output (Ahn & Le, 2014) 

It is empirically approved that the choice of variables significantly affects the efficiency score of decision-

making units (DMUs) (Favero & Papi, 1995) (Sufian, 2011). The leading DEA approaches that dominate 

the literature are intermediation, production, operating, asset, and value-added for variable specification 

banks efficiency studies. 
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Intermediate Approach: As per the intermediation approach, the banks are considered intermediated 

institutes that convert savings into credits. It is based on the primary role of banks as intermediate between 

the lenders and borrowers. The founder of this approach is Sealey & Lindley (1977), and in the study, his 

main focus is on constructing the banking behavior in the context of a profit maximization firm. The 

production role in financial intermediaries (Sealey & Lindley, 1977) seeks to capture both the technical and 

financial sides. The transformation process from input to output collecting funds from the surplus side and 

providing these to the deficit side is the focal point on the technical side. On the financial side, creating a 

higher value than the original value is the purpose of the process. As per this approach, we can conclude 

that inputs and outputs are specified based on the transformation process and preference regarding the 

market value of intermediary services.    

In terms of input and output variables, the intermediation approach utilizes the monetary value of deposits 

and loans instead of the number of deposits and loan accounts (Ahn & Le, 2014). Inputs variables taken 

generally are: deposits, fixed assets, personnel expenses, borrowings, and physical capital, while output 

variables taken are: loans/ advances, investments, and income (Sufian, 2011),(Ahn & Le, 2014),(Sufian et 

al., 2016a)(Eyceyurt Batir et al., 2017) (Das et al., 2005),(Karimzadeh, 2012)(Phung et al., 2020) 

Most studies have employed the intermediation approach, as proved by a comprehensive survey (Berger & 

Humphrey, 1997) and (Fethi & Pasiouras, 2010). The main reason behind using the approach is better 

reflects the bank's primary function: to work as an intermediate between the depositors and borrowers 

(Abdul-Wahab & Haron, 2017). Therefore ( Favero & Papi, 1995) and (Berger & Humphrey, 1997) suggest 

that this approach is superior to other approaches and is appropriate for those banks whose principal 

activities include converting the deposits and significant funds purchase from other institutions into loans 

and financial investment. Another reason for the widespread use of this approach is that data (bank liabilities 

and assets) in monetary terms required for efficiency measurement is readily available in published sources. 

This approach has certain limitations despite its comprehensive utilization for the efficiency measurement 

of banks. First, its use of deposits as an input does not justify the importance of deposits service that banks 

provide to customers and the operating cost incurred for this, generally in the case of Rural banks where 

their main motive is to provide deposits service to the vast spread population in rural and remote 

areas(Reddy, 2011). Second, it has considered banks a typical financial intermediate institution between 

depositors and borrowers, ignores the role of banks in the national payment system, and last, this approach 

ignores the risk factor and other non-interest services provided by the banks (Ahn & Le, 2014). 

Production Approach: As per the production approach, bank institutions are treated as service producers 

to the clients by focusing on operating cost minimization (Ahn & Le, 2014). The developer of this approach 

is Beston (1965) and based on a cost analysis study done by First Federal Reserve District Bank employees 

of the US in 1957.   

Under this approach, banks are considered producers of deposits and services provided, so the output is 

measured in terms of no. of accounts, and the number of transaction related to it means it includes all types 

of deposits, loans, income, and transactions to these. Inputs include only the physical variable required to 

produce items, like the number of employees/ labor, physical capital, and other related costs, excluding 

interest expenses.  

The production approach is different from the intermediate approach in terms of deposit treatment: in the 

latter, deposits are treated as inputs while the latter are treated as output. Also, these two approaches are 

different in terms of the monetary value of the variables in the intermediate approach; all the variables are 

taken only in monetary value, while in the production approach, certain input variables are taken like no. 
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of employees, no. of accounts in non-monetary terms (Ahn & Le, 2014). Per (Berger & Humphrey, 1997), 

none of these two approaches is ideal because both the models do not fulfill the dual role of banks as service 

producers and as an intermediate between the borrower and lenders. They suggest that the approach is 

slightly appropriate for measuring branch efficiencies, and an intermediate approach is suitable for 

measuring banks' efficiency.   

The main limitations of this approach are that it ignores the intermediate function of the bank; secondly, it 

does not consider the interest expense as an input variable; and last, the data available on the variables is 

also a prominent issue because the no. of employees, no. of transaction data are not published generally. 

Assets Approach: Under the asset approach, the banking activities primarily focus on required asset quality 

maintenance for increasing the bank's performance. The role of banks as loan creators is recognized under 

this approach. The asset approach of Sealey and Lindley (1977) is a modified form of intermediation 

approach in which output is defined as assets in the form of loans in which banks have an advantage over 

the other financial institutions (Favero & Papi, 1995). 

The input variables under this study are time and saving deposits, demand deposits, capital (fixed assets 

and premises), Labour (employees), and the output variables: loans and investments (English et al., 1993) 

(Elyasiani & Mehdian, 1990). The approach has certain limitations; it does not consider most of the services 

provided by the banks. It ignores the interest and non-interest expenses and income, which are a significant 

part of the bank's income and expenses. Like, the intermediation approach does not consider the risk factors 

in the study. 

Value-Added Approach: The value-added approach is when output is considered value addition made by 

judicious use of operating cost as an input (Berger et al., 1987). Berger and Humphrey (1992) is the pioneer 

of the approach. The value-added approach is different from all the other approaches in considering all the 

liabilities and assets as an output variable rather than input or output.  

In this approach to gaining a competitive advantage, banks focus on maximizing the economic value added 

to every banking activity (Ahn & Le, 2014). value addition of each banking activity is the basis of output 

specification. Significant types of deposits(time, saving, and demand) and loans (real estate, commercial, 

and installments) are recognized as output by focusing on the cost-profit relationship (Berger et al., 1987) 

because all these are mainly responsible for value addition, while like non-loan investments and govt. 

Securities are ignored as an output specification due to low value-added contribution. 

 The output is specified in monetary terms, and only these activities that create high value like deposits, 

loans, and income are specified as output. The input includes purchased funds, labor, and physical capital.  

 The main advantage of this approach is that it focuses on the economic side of banking activities. Secondly, 

accounting data is used for value addition calculation, which is readily available, which is also a plus point 

of this approach. Nevertheless, it also has certain limitations; it has not specified the input and output. 

User Cost Approach: The user cost approach usually credited goes to the work of (Hancock, 1986). As 

per this approach, banks are expressed as producers of financial services to minimize liabilities & assets, 

maximizing the economic return. The user cost approach is based on the opportunity cost of holding 

financial assets and liabilities over time. 

From financial liabilities, the financial services user cost produced can be calculated as financial cost minus 

the opportunity cost of using the funds; opportunity cost minus financial return from the assets is the user 

cost produced from financial services. The bank's assets and liabilities can be classified as input or output 

variables based on user cost. The favorable user cost is the input variable; the negative is the output variable. 
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According to Hancock (1985), if the financial returns are more than the opportunity cost of funds or if the 

financial cost of liability is less than the opportunity cost, that can be described as output; otherwise, its 

described as input (Reddy, 2011). The main advantage of this approach is its focus on the economic aspect 

of the production process. However, it also has certain limitations. There is no clear-cut definition of input 

and output, so calculating user cost is not easy. The availability of required data like expected gain and loss 

is also challenging. 

Table 1 depicts the information related to the DEA models, DEA approaches, and input and output selection 

based on the DEA approach. The review of the literature shows that the intermediation approach is the most 

widely used in the studies for variable selection for efficiency measurement studies of banks(Rangan et al., 

(1988), Charnes et al., (1990), Elyasiani & Mehdian,( 1990), Berger & Humphrey, (1991), Bhattacharyya 

et al., (1997), Barr et al., (2002), Ataullah & Le, (2006), Kumar & Gulati, (2008), Kumar,(2008), Hanif 

Akhtar, (2010), Hon et al., ( 2011), Karimzadeh, ( 2012), Titko et al., (2014), Kaur & Gupta, (2015), Sufian 

et al., (2016b), Mahendru & Bhatia, (2017), Eyceyurt Batir et al., (2017), Chaluvadi et al., (2018), Goyal et 

al., (2019), Davidovic et al., (2019), Phung et al.,(2020)). In most of the studies, labor and capital are 

selected as input variables and loans as an output variable, whereas the variable deposits are taken as input 

(Elyasiani & Mehdian, ( 1990), Barr et al., (2002), Kumar & Gulati, (2008), Sufian & Habibullah,( 2009), 

Karimzadeh,( 2012), Titko et al., (2014), Sufian et al., (2016b), Mahendru & Bhatia, (2017), Chaluvadi et 

al., (2018), ) in some studies while taken as output (Berger & Humphrey, (1991), Bhattacharyya et al., 

(1997) in others. The reason behind this contradictory view about the deposits is because some researchers 

consider the deposit as a variable that is used for generating revenue for banks, and that is why it is used as 

an input variable; however, others consider it as a by-product of the inputs that banks employed for creating 

deposits. The table also shows that the CCR model, both input-oriented and output-oriented, is used in most 

of the studies as the place of the BCC model of DEA. 
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Table 1: Bank Efficiency Studies Using Different DEA Approaches for Input-Output Specification 

Author/Year Country 
Sample and Time 

Period 
Model Approach Input Output 

Sherman & Gold, 

(1985) 
USA 14 Branch Offices CCR model 

Account 

approach 

• Labor 

• Rent of office paid 
• No. of transaction 

Rangan et al., 

(1988) 
USA 

215 Independent 

Banks  

1986 

Input-oriented 

CCR DEA model 
Intermediation 

• Labor 

• Capital  

• Purchased funds  

• Real estate loans  

• Commercial and industrial 

loans 

• Consumer loans  

• Demand deposits  

• Time and saving deposits 

Charnes et al., 

(1990) 
USA 

48 Commercial Banks 

1980-1985 
CCR DEA model  Intermediation 

Total operating 

expense 

• Total noninterest 

expense  

•  Provision for loan 

losses 

• Actual loan losses 

• Total operating income  

•  Total interest income  

•  Total noninterest income  

•  Total net loans 

Elyasiani & 

Mehdian, ( 1990) 
USA 

U.S Commercial 

Banks 1980-1985 
CCR DEA model Intermediation 

• Deposits 

• Labor, Capital  

• Loans  

•  Investments 

Berger & 

Humphrey,(1991) 
USA 

U.S. banks 

1984 
CCR DEA model Intermediation 

• Labour 

• Purchased funds 

• Capital 

• Deposits 

• Loans 

Favero & Papi, 

(1995) 
Italy 

174 Italian Banks 

1991 

Input-oriented CCR 

DEA model 

Intermediation  

and  Asset  

Labour 

• number of full-time 

employee 

Capital- 

• Book value of fixed 

assets and premises, 

•  Loan able funds, 

including current 

accounts and saving 

deposits, CDs 

•  Net funds borrowed 

by other banks. 

• Loans to other banks and non-

financial institutions 

• Investment in securities and 

bonds, and non-interest 

income.  
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Bhattacharyya et 

al., (1997) 
India 

Commercial Banks 

1986-1991 

Output-oriented 

Charnes-Cooper-Rhodes 

(CCR) model 

Intermediation  

• Capital 

• Labor 

•  Other non-financial 

• Advances 

• Investments 

• Deposits 

Barr et al., (2002) USA 
Commercial Banks 

1984-1998 

Input-oriented 

CCR DEA model 
Intermediation 

• Salary expense,  

• Premises 

•  Fixed assets, other 

noninterest expense, 

interest expense 

• Purchased funds 

(which are large 

dollar deposits 

• Earning assets,  

• Interest income, 

• noninterest income 

Das et al., (2005) India 

71 banks in the year 

1996-97 and 68 banks 

in the terminal year of 

India 

1997-2003 

 

Input-oriented 

CCR DEA model 
Intermediation  

Borrowed funds 

(deposits and other 

borrowing) 

•  Number of 

employees 

•  Fixed assets and 

equity 

• Investments 

• Performing loan assets  

•  Other non-interest fee based 

incomes 

Ataullah & Le, 

(2006) 
India 

Commercial Banks  

1992-1998 

Output-oriented 

Charnes-Cooper-Rhodes 

(CCR) model 

Intermediation 

• Interest expenses 

• operating expenses 

are the inputs for 

both the models 

Model A  

• loans and advances, 

•  Investments. Output 

 Model B  

• Interest income  

•  Operating income. 

Kumar & Gulati, 

(2008) 
India 

27 Public Sector 

Banks 

2004-2005 

CCR DEA model Intermediation 

Physical capital- 

• Value of fixed assets 

Labour – 

• Number of 

employees 

Loanable funds – 

• The sum of deposits 

and borrowings 

• Net interest income 

(measured as the difference 

between interest earned and 

interest expanded), 

•  Non-interest income (proxied 

by ‘other income’). 

Ketkar, (2008) India 

62 banks  – 8 state 

owned, 19 

nationalized, 20 old 

CCR DEA model 
Intermediation 

and Production 

• Branches 

• Equity 

• Total operating 

expenses 

• Loans 

• Non-interest Income 

• Deposits ,  

•  
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private, 8 new private, 

and 7 foreign banks 

1996-2003 

•  

Kumar,(2008) India 

27 Public Sector 

Banks 

2005 

Input-oriented CCR 

DEA model 
Intermediation  

• Physical capital 

• Labour 

• loanable funds 

• Spread  

•  Non-interest income 

Sufian & 

Habibullah,( 

2009) 

Korea 
Commercial Banks 

1992-2003 
BCC  model 

Intermediation, 

Value-added  

and Operating  

• Deposits, Value 

added  

• Labor Capital 

•  Interest expense 

Operating  

• Interest expenses 

• Labor   

• loans , Investments 

Value added ,Deposits  

•  Loans Investments,  

Operating, Interest income  

• Non-interest income 

emanating mostly from 

commission, exchange, 

brokerage, etc. 

Hanif Akhtar, 

(2010) 

Saudi 

Arabia 

9 Commercial Banks  

2000-2006 

Output- oriented CCR 

DEA model 
Intermediation 

• Interest expenses 

•  Non-interest 

expenses (which are, 

in fact, operating 

expenses) 

• Net interest income 

• Non-interest income 

Hon et al., 

( 2011) 
Malaysia 

10 Banks 

2001-2005 
CCR DEA model Intermediation 

• Deposits from 

customers 

• personnel costs  

• total assets 

• Loans, Advances 

Sufian, (2011) Malaysia 
31 Commercial Banks 

1992-2003 
CCR DEA model 

Intermediation 

approach, 

Value-added 

approach, and 

Operating 

approach, 

• Deposits, Labour 

• capital, Operating  

• interest expenses 

• labor, value-added  

• labour, capital 

•  interest expenses  

Interest income  

• Non-interest income 

emanating mostly from 

commission, Exchange, 

brokerage, etc. 

• deposits, loans 

• investments 

Reddy, (2011) India 

192 RRB'S & 27 

PSB’s  

1996-2002 

CCR DEA model Production 

• Interest expenses ,  

• Operational expenses 

excluding pro- 

visions. 

• liquid assets,  

• Total advances  

• Total income (interest income 

plus non-interest income).  

• Total deposits. 

Karimzadeh, 

( 2012) 
India 

8 major commercial 

banks - 5 public sector 

CCR and BCC model 

under both the constant 
Intermediation 

• Fixed assets,  

• Deposits 

• Loans   

• Financial investments 
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and 3 private sector 

banks 2000-2010 

return to scale and 

variable return to scale 

assumption 

• Number of 

employees. 

 

Karray & 

Chichti, (2013) 
Tunisia 

402 commercial banks 

from 15 developing 

countries 

2000-2003 

Input oriented CCR 

model 

Intermediation 

and Value 

Added  

• Physical capital  

•  Borrowed funds 

• Work 

• Physical capital 

• Borrowed funds 

• Loans 

• Other paying assets 

• Deposits 

• Loans 

• Other paying assets. 

 

Titko et al., 

(2014) 
Lativa 

15 Latvian banks 

2012 

Input oriented BCC 

model 
Intermediation 

• Deposits 

• Labour  

•  Capital 

• Loans 

• Securities 

Kaur & Gupta, 

(2015) 
India 

57 banks state banks 

and its subsidiaries(7), 

other public sector 

banks(19) and old and 

new private sectors 

banks(30) 

2009-2013 

CCR and BCC model 

under constant return to 

scale 

Intermediation 
• Interest expenses 

• Operating expenses 

• Interest incomes 

• Fee based income 

(Commission, Brokerage etc.) 

• Investment income 

Sufian et al., 

(2016b) 
Malaysia 

commercial bank 

operating in Malaysia 

during  1999 – 2008 

Input oriented BCC 

model 
Intermediation 

• Total Deposits 

• Capital 

•  Labour 

• Total Loans 

•  Investments 

•  Non-Interest Income 

Mahendru & 

Bhatia, (2017) 
India 

26 public sector banks 

of India 

2007-2012 

 Intermediation 

• Deposits 

• Borrowing 

• Interest expenses 

•  Operating expenses 

• Investments 

• Advances 

• Interest income  

•  Non-interest income 

Eyceyurt Batir et 

al., (2017) 
Turkey 

49  Turkish banks-4 

Participation banks, 

32-commercial banks 

and 13- investment 

and development 

banks. 

2005-2013 

Input-oriented CCR 

DEA model 
Intermediation 

• Labor 

• Capital 

• Funds 

• Total loans (Sum of long term 

and short term loans) and  

Off-balance sheet items (Sum 

of guarantees, commitments 

and financial derivative 

instruments) 

Chaluvadi et al., 

(2018) 
India 

26 public sector banks 

 

 

Network data 

envelopment analysis 

(DEA) approach (i.e. 

variable return to scale 

Intermediation 

• Branches 

• Number of employee 

• Deposits,  

• ROA 

• ROE 

• Investments 
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, and 18 private sector 

banks 

2008-2013 

and constant return to 

scale) 
• Operating expenses 

• Interest expenses 

• Wages as per cent of 

total costs 

(Novickytė & 

Droždz, 2018) 
Lithuania 

6 commercial banks 

operating  in 

Lithuania 

2012-2016 

• Input oriented DEA 

approach under variable 

return to scale and 

constant return to scale 

Production, 

Profitability 

and 

Intermediation 

• Deposits 

• Labor expenses 

• Debts to banks and 

other credit 

institutions 

•  

• Operating profits 

• Loans 

 Profit before tax 

• Net interest income 

Goyal et al., 

(2019) 
India 

66 banks that include 

Public Banks, Private 

Banks and Foreign 

Banks 

2015-2016 

Both the input oriented 

(minimization)and 

output oriented 

(maximization) CCR 

approach  

Intermediation 

• Total loanable funds 

(sum of all deposits 

and borrowings) 

• Personnel and 

operating charges 

• Physical capital. 

• Net interest income 

• Non-interest income 

Davidovic et al., 

(2019) 
Croatia 

Croatian banks 

2006-2015 

Input oriented BCC 

model 
Intermediation 

• Interest and 

• Non-interest 

expenses 

• Interest and  

• Non-interest revenues 

Ning Zhu et al., 

(2020) 
China 

16 Chinese’s 

commercial banks 

operating during 

2005-2015 

Multi-Directional Meta-

Frontier DEA Model 
Profit oriented 

• Interest expenses 

• Non-interest 

expenses  

• Interest income 

• Non-interest income (NII). 

 Undesirable output:  

• Non-performing loans 

(NPLs). 

Phung et 

al.,(2020) 
Beijing 

26 banks of Taiwan 

2013-2015 

Mixed Network DEA 

approach 
Intermediation 

• Labor 

• Capital 

• Funds 

• Loans 

• Investments 

• Non-interest income 

Sakouvogui et 

al.,( 2020) 
USA 

122 U.S agricultural 

banks 

2000-2017 

Cluster adjusted DEA 

model 
 

• Total interest 

expenses  

•  Total non-interest 

expenses 

• Total interest income  

• Total non-interest income 

Nan Zhu et al., 

(2020) 
Pakistan 

29 commercial banks 

- 24 private, 5 public, 

and 4 foreign banks 

2006-2017 

Output oriented CCR 

and BCC model  
 

• Interest expense  

•  Non-interest 

expense 

• Interest income  

• Non-interest income 

Source: Author’s own compilation 
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DEA SOFTWARES 

There is a lack of available data on DEA solver software used in bank efficiency measurement studies. 

However, after extensive literature reviews, some papers with the software used for solving DEA problems 

are listed in table 2. A wide range of Commercial and non-commercial DEA solver software packages are 

available for DEA practitioners and researchers. Some of the DEA solvers software is listed below with 

links and further information. 

COMMERCIAL DEA SOFTWARE 

1. DEOS (Data Envelopment Analysis Online Software) by DSS Bridge Decision Group Inc. Canada 

https://www.deaos.com/#home 

2. DEA-solver-Pro version 15 available by SAITECH, Inc. USA 

http://www.saitech-inc.com/index.asp 

3. Frontier Analyst Version 4 available by Banxia Software Ltd. UK 

https://banxia.com/ 

Software R packages like- Benchmarking version 0.29, FEAR 1.0, dea R (data envelopment analysis 

with R software) 

NON-COMMERCIAL DEA SOFTWARE 

1. DEAP Version 2.1(Data Envelopment Analysis Program version 2.1) written by Tim Coelli, The 

University of Queensland, Australia 

https://economics.uq.edu.au/cepa/software 

2. DEA Frontier TM developed by Professor Joe Zhu 

http://www.deafrontier.net/index.html 

DEA Frontier free version is available for a maximum number of 20 DMUs 

3. OSDEA (open source Data Envelopment Analysis) can be downloaded from the link below 

https://opensourcedea.org/ 

Table 2: Banks Efficiency Papers with DEA Software’s Applied 

AUTHOR’S/YEAR COUNTRY 
SAMPLE/TIME 

PERIOD  
SOFTWARE 

Karray & Chichti (2013) Tunisia 

402 commercial banks 

from 15developing 

countries 

 2000-2003 

DEAP software 

developed 

Titko et al. (2014) Latvia 
15 Latvian banks  

2012 
DEA Frontier software 

Kaur & Gupta ( 2015) India  
57 banks operating India  

2009-2013 
DEA Frontier software 

Bhatia & Mahendru (2015) India 
26 public sector banks 

operating in India 

Data Envelopment 

Analysis Progra  

(DEAP 2.1) 

Eyceyurt Batir et al. (2017) Turkey 

4 participation banks and 

27 conventional banks 

2005-2013 

Data Envelopment 

Analysis Program 

(DEAP 2.1) 

https://www.deaos.com/#home
http://www.saitech-inc.com/index.asp
https://banxia.com/
http://www.deafrontier.net/index.html
https://opensourcedea.org/
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Goyal et al. (2019) India 

66 banks that include 

Public Banks, Private 

Banks and Foreign Bank 

2015-2016 

R software 

Sakouvogui et al.( 2020) USA 
122 U.S agricultural banks 

2000-2017 
R Software 

Nan Zhu et al. (2020) Pakistan 

29 commercial banks 

operating in Pakistan's- 24 

private, 5 public, and 4 

foreign banks 

2006-2017 

MDEAP2 application 

CONCLUSION    

The motivation of the study came from the continuing disagreement in DEA-based banks studies over the 

specification of performance indicators as an input-output. The primary five DEA approaches for input-

output specification based upon bank behavior models are- the intermediation approach, the production 

approach, the assets approach, the value-added approach, and the user cost approach. All of the approaches 

are different in terms of the focus of operations and the objective of banks to create value for the 

shareholder. Each approach has its pros and cons and is suitable according to the purpose of the study. The 

main intention behind this study is to guide new researchers or practitioners of DEA in bank efficiency 

studies on DEA, input-output specifications for bank efficiency studies using DEA, and the selection of 

DEA software. The author hopes that the article will benefit the researchers and practitioners in selecting 

variables for the study. 

REFERENCES 

 Abdul-Wahab, A. H., & Haron, R. (2017). Efficiency of Qatari banking industry: an empirical 

investigation. International Journal of Bank Marketing, 35(2), 298–318. 

https://doi.org/10.1108/IJBM-07-2016-0090 

Ahn, H., & Le, M. H. (2014). An insight into the specification of the input-output set for DEA-based bank 

efficiency measurement. In Journal fur Betriebswirtschaft (Vol. 64, Issue 1). 

https://doi.org/10.1007/s11301-013-0098-9 

Asmild, M., Paradi, J. C., Aggarwall, V., & Schaffnit, C. (2004). Combining DEA window analysis with 

the Malmquist index approach in a study of the Canadian banking industry. Journal of Productivity 

Analysis, 21(1), 67-89. 

Ataullah, A., & Le, H. (2006). Economic reforms and bank efficiency in developing countries: The case of 

the Indian banking industry. Applied Financial Economics, 16(9), 653–663. 

https://doi.org/10.1080/09603100500407440 

Banker, R. D., Charnes, A., & Cooper, W. W. (1984). Some models for estimating technical and scale 

inefficiencies in data envelopment analysis. Management Science, 30(9), 1078-1092. 

Barr, R. S., Killgo, K. A., Siems, T. F., & Zimmel, S. (2002). Evaluating the productive efficiency and 

performance of U.S. commercial banks. Managerial Finance, 28(8), 3–25. 

https://doi.org/10.1108/03074350210767988 

Berger, A. N., & Humphrey, D. B. (1991). The dominance of inefficiencies over scale and product mix 

economies in banking. Journal of Monetary Economics, 28(1), 117–148. 

https://doi.org/10.1016/0304-3932(91)90027-L 



© INNOVATIVE RESEARCH THOUGHTS    

Refereed |  Peer Reviewed  | Indexed 
ISSN : 2454 – 308X   |   Volume :  08 , Issue : 02 |  April - June  2022 

 

147 
 

Berger, A. N., & Humphrey, D. B. (1997). Efficiency of financial institutions: International survey and 

directions for future research. European Journal of Operational Research, 98(2), 175–212. 

https://doi.org/10.1016/S0377-2217 (96)00342-6 

Berger, A. N., Hanweck, G. A., & Humphrey, D. B. (1987). Competitive viability in banking. Journal of 

Monetary Economics, 20(3), 501–520. https://doi.org/10.1016/0304-3932(87)90039-0 

Bhatia, A., & Mahendru, M. (2015). Revenue efficiency analysis of scheduled commercial banks in a 

dynamic environment Empirical evidence from India. Indian Growth and Development Review, 8(2), 

184–210. https://doi.org/10.1108/IGDR-04-2015-0015 

Bhatia, A., & Mahendru, M. (2016). Nonparametric Analysis of Technical Efficiency of Public Sector 

Banks (PSBs) in India. Global Business Review, 17(2), 318–331. 

https://doi.org/10.1177/0972150915619811 

Bhattacharyya, A., Lovell, C. A. K., & Sahay, P. (1997). The impact of liberalization on the productive 

efficiency of Indian commercial banks. European Journal of Operational Research, 98(2), 332–345. 

https://doi.org/10.1016/S0377-2217(96)00351-7 

Chaluvadi, S., Raut, R., & Gardas, B. B. (2018). Measuring the performance efficiency of banks in a 

developing economy: The case study of Indian public sector vs. private sector. Benchmarking, 25(2), 

575–606. https://doi.org/10.1108/BIJ-10-2016-0157 

Charnes, A., Clark, C. T., Cooper, W. W., & Golany, B. (1984). A developmental study of data envelopment 

analysis in measuring the efficiency of maintenance units in the U.S. air forces. Annals of Operations 

Research, 2(1), 95-112. 

Charnes, A., Cooper, W. W., & Rhodes, E. (1978). Measuring the efficiency of decision-making 

units. European Journal of Operational Research, 2(6), 429–444. https://doi.org/10.1016/0377-

2217(78)90138-8 

Charnes, A., Cooper, W. W., Huang, Z. M., & Sun, D. B. (1990). Polyhedral Cone-Ratio DEA Models with 

an illustrative application to large commercial banks. Journal of Econometrics, 46(1–2), 73–91. 

https://doi.org/10.1016/0304-4076(90)90048-X 

Cooper, W., Seiford, L., & Zhu, J. (2004). Handbook on Data Envelopment Analysis - International Series 

in Operations Research & Management Science. 

Das, A., Nag, A., & Ray, S. C. (2005). Liberalization, Ownership and Efficiency in Indian Banking: A 

Nonparametric Analysis. Economic and Political Weekly, 40(12), 1190–1197. 

http://www.jstor.org/stable/4416367 

Davidovic, M., Uzelac, O., & Zelenovic, V. (2019). Efficiency dynamics of the Croatian banking industry: 

DEA investigation. Economic Research-Ekonomska Istrazivanja , 32(1), 33–49. 

https://doi.org/10.1080/1331677X.2018.1545596 

Delis, M. D., & Papanikolaou, N. I. (2009). Determinants of bank efficiency: evidence from a semi-

parametric methodology. Managerial Finance, 35(3), 260–275. 

https://doi.org/10.1108/03074350910931771 

Elyasiani, E., & Mehdian, S. M. (1990). A nonparametric approach to measurement of efficiency and 

technological change: The case of large U.S. commercial banks. Journal of Financial Services 

Research, 4(2), 157–168. https://doi.org/10.1007/BF00352569 

English, M., Grosskopf, S., Hayes, K., & Yaisawarng, S. (1993). Output allocative and technical efficiency 

of banks. Journal of Banking and Finance, 17(2–3), 349–366. https://doi.org/10.1016/0378-

4266(93)90036-D 



© INNOVATIVE RESEARCH THOUGHTS    

Refereed |  Peer Reviewed  | Indexed 
ISSN : 2454 – 308X   |   Volume :  08 , Issue : 02 |  April - June  2022 

 

148 
 

Eyceyurt Batir, T., Volkman, D. A., & Gungor, B. (2017). Determinants of bank efficiency in Turkey: 

Participation banks versus conventional banks. Borsa Istanbul Review, 17(2), 86–96. 

https://doi.org/10.1016/j.bir.2017.02.003 

Farrell, M. J. (1957). The Measurement of Productive Efficiency http://www.jstor.org/stab. Journal of the 

Royal Statistical Society. Series A (General), 120(3), 253–290. http://goo.gl/AFhm2N 

Farrell, M. J. (1957). The measurement of productive efficiency. Journal of the Royal Statistical Society: 

Series A (General), 120(3), 253-281. 

Favero, C. A., & Papi, L. (1995). Technical efficiency and scale efficiency in the Italian banking sector: A 

nonparametric approach. Applied Economics, 27(4), 385–395. 

https://doi.org/10.1080/00036849500000123 

Fethi, M. D., & Pasiouras, F. (2010). Assessing bank efficiency and performance with operational research 

and artificial intelligence techniques: A survey. European Journal of Operational Research, 204(2), 

189–198. https://doi.org/10.1016/j.ejor.2009.08.003 

Gardener, E., Molyneux, P., & Nguyen-Linh, H. (2011). Determinants of efficiency in South East Asian 

banking. Service Industries Journal, 31(16), 2693–2719. 

https://doi.org/10.1080/02642069.2010.512659 

Goyal, J., Singh, M., Singh, R., & Aggarwal, A. (2019). Efficiency and technology gaps in Indian banking 

sector: Application of meta-frontier directional distance function DEA approach. Journal of Finance 

and Data Science, 5(3), 156–172. https://doi.org/10.1016/j.jfds.2018.08.002 

Gupta, O. K., Doshit, Y., & Chinubhai, A. (2008). Dynamics of productive efficiency of Indian 

banks. International Journal of Operations Research, 5(2), 78–90. www.iba.org.in 

Hancock, D. (1986). A model of the financial firm with imperfect asset and deposit elasticities. Journal of 

Banking and Finance, 10(1), 37–54. https://doi.org/10.1016/0378-4266(86)90019-1 

Hanif Akhtar, M. (2010). Are Saudi banks productive and efficient? International Journal of Islamic and 

Middle Eastern Finance and Management, 3(2), 95–112. 

https://doi.org/10.1108/17538391011054354 

Hon, L. Y., Tuck, C. E., & Lin Yu, K. (2011). Efficiency in the Malaysian Banking Industry. ASEAN 

Economic Bulletin, 28(1), 16. https://doi.org/10.1355/ae28-1b 

Karimzadeh, M. (2012). Efficiency Analysis by using Data Envelop Analysis Model: Evidence from Indian 

Banks. Int. J Latest Trends Fin. Eco. Sc, 2(3), 228–237. 

Karray, S. C., & Chichti, J. E. (2013). Bank Size and Efficiency in Developing Countries : Intermediation 

Approach Versus Value Added Approach and Impact of Non-Traditional Activities. Asian Economic 

and Financial Review, 3(5), 593–613. 

Kaur, S., & Gupta, P. K. (2015). Productive Efficiency Mapping of the Indian Banking System Using Data 

Envelopment Analysis. Procedia Economics and Finance, 25(15), 227–238. 

https://doi.org/10.1016/s2212-5671(15)00733-9 

Ketkar, K. W. (2008). Performance and Profitability of Indian Banks in the Post Liberalization 

Period. International Journal of Finance, 20(3), 4910–4929. 

https://search.ebscohost.com/login.aspx?direct=true&db=bth&AN=45309644&site=ehost-live 

Kumar, S. (2008). An Analysis of Efficiency–Profitability Relationship in Indian Public Sector 

Banks. Global Business Review, 9(1), 115–129. https://doi.org/10.1177/097215090700900108 



© INNOVATIVE RESEARCH THOUGHTS    

Refereed |  Peer Reviewed  | Indexed 
ISSN : 2454 – 308X   |   Volume :  08 , Issue : 02 |  April - June  2022 

 

149 
 

Kumar, S., & Gulati, R. (2008). Evaluation of technical efficiency and ranking of public sector banks in 

India: An analysis from cross-sectional perspective. International Journal of Productivity and 

Performance Management, 57(7), 540–568. https://doi.org/10.1108/17410400810904029 

Mahendru, M., & Bhatia, A. (2017). Cost, revenue and profit efficiency analysis of Indian scheduled 

commercial banks: Empirical evidence across ownership. International Journal of Law and 

Management, 59(3), 442–462. https://doi.org/10.1108/IJLMA-01-2016-0008 

Mukherjee, A., Nath, P., & Pal, M. (2002). Performance benchmarking and strategic homogeneity of Indian 

banks. International Journal of Bank Marketing, 20(3), 122–139. 

https://doi.org/10.1108/02652320210430965 

Novickytė, L., & Droždz, J. (2018). Measuring the Efficiency in the Lithuanian Banking Sector: The DEA 

Application. International Journal of Financial Studies, 6(2), 37. 

https://doi.org/10.3390/ijfs6020037 

Phung, M. T., Cheng, C. P., Guo, C., & Kao, C. Y. (2020). Mixed Network DEA with Shared Resources: 

A Case of Measuring Performance for Banking Industry. Operations Research Perspectives, 7, 

100173. https://doi.org/10.1016/j.orp.2020.100173 

Rangan, N., Grabowski, R., Aly, H. Y., & Pasurka, C. (1988). The technical efficiency of U.S. 

banks. Economics Letters, 28(2), 169–175. https://doi.org/10.1016/0165-1765(88)90109-7 

Reddy, A. A. (2011). Productivity Growth of Regional Rural Banks. SSRN Electronic Journal, 41(11), 

1079–1086. https://doi.org/10.2139/ssrn.1537538 

Řepková, I. (2015). Banking Efficiency Determinants in the Czech Banking Sector. Procedia Economics 

and Finance, 23(October 2014), 191–196. https://doi.org/10.1016/s2212-5671(15)00367-6 

Sakouvogui, K., Shaik, S., & Addey, K. A. (2020). Cluster-Adjusted DEA Efficiency in the Presence of 

Heterogeneity: An Application to Banking Sector. Open Economics, 3(1), 50–69. 

https://doi.org/10.1515/openec-2020-0004 

Sealey, C. W., & Lindley, J. T. (1977). Inputs, Outputs, and a Theory of Production and Cost At Depository 

Financial Institutions. The Journal of Finance, 32(4), 1251–1266. https://doi.org/10.1111/j.1540-

6261.1977.tb03324.x 

Sherman, H. D., & Gold, F. (1985). Bank branch operating efficiency. Evaluation with Data Envelopment 

Analysis. Journal of Banking and Finance, 9(2), 297–315. https://doi.org/10.1016/0378-

4266(85)90025-1 

Subramanyam T. (2016). Selection of Input-Output Variables in Data Envelopment Analysis -Indian 

Commercial Banks. International Journal of Computer & Mathematical Sciences IJCMS ISSN, 5(6), 

2347–8527. 

Sufian, F. (2011). Benchmarking the efficiency of the Korean banking sector: A DEA 

approach. Benchmarking, 18(1), 107–127. https://doi.org/10.1108/14635771111109841 

Sufian, F., & Habibullah, M. S. (2009). Asian financial crisis and the evolution of Korean banks efficiency: 

A DEA approach. In Global Economic Review (Vol. 38, Issue 4). 

https://doi.org/10.1080/12265080903391735 

Sufian, F., Kamarudin, F., & Nassir, A. md. (2016a). Determinants of efficiency in the Malaysian banking 

sector: Does bank origins matter? Intellectual Economics, 10(1), 38–54. 

https://doi.org/10.1016/j.intele.2016.04.002 



© INNOVATIVE RESEARCH THOUGHTS    

Refereed |  Peer Reviewed  | Indexed 
ISSN : 2454 – 308X   |   Volume :  08 , Issue : 02 |  April - June  2022 

 

150 
 

Sufian, F., Kamarudin, F., & Nassir, A. md. (2016b). Determinants of efficiency in the Malaysian banking 

sector: Does bank origins matter? Intellectual Economics, 10(1), 38–54. 

https://doi.org/10.1016/j.intele.2016.04.002 

Titko, J., Stankevičienė, J., & Lāce, N. (2014). Measuring bank efficiency: DEA application. Technological 

and Economic Development of Economy, 20(4), 739–757. 

https://doi.org/10.3846/20294913.2014.984255 

Zhu, Nan, Shah, W. U. H., Kamal, M. A., & Yasmeen, R. (2020). Efficiency and productivity analysis of 

Pakistan’s banking industry: A DEA approach. International Journal of Finance and 

Economics, March. https://doi.org/10.1002/ijfe.2123 

Zhu, Ning, Baležentis, T., Yu, Z., & Wu, W. (2020). Multi-Directional Meta-Frontier DEA Model for Total 

Factor Productivity Growth in the Chinese Banking Sector: A Disaggregation 

Approach. Informatica(Netherlands), 31(1), 185–204. https://doi.org/10.15388/20-INFOR397 


