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1. INTRODUCTION: 

In the current market context, public sector banks (PSBs) in India face intense price and non-price rivalry from 

private and foreign banks, notably de novo private domestic banks. Even inside PSBs, the steady deconstruction of the 

administered interest rate regime since 1992 has increased competition. As a result of severe competition, the proportion 

of PSBs in deposits, advances, and total assets in the Indian banking system is progressively declining. PSBs are 

reorienting and rethinking their operational techniques in order to reverse this trend, as well as providing a variety of 

unique financial products to its customers, such as internet banking, ATM services, insurance services, and so on. 

However, how well corporations manage their financial resources to provide financial services and products will affect 

their ability to retain clients and meet the expectations of regulators. As a result, it has become vital to examine the 

extent to which each bank's relative (in) efficiency exists and to identify areas where efficiency might be enhanced. It's 

also critical to determine whether the inefficiency in the Indian banking industry is the result of poor management or a 

too-small scale size. 

 

2. REVIEW OF LITERATURE: 

Prosenjit Das & Arundhati Datta (2017), the study used a two-stage empirical method to assess the 

performance of the Indian ITeS industry from 2000-01 to 2014-15. The first stage evaluates performance in terms of 

technological efficiency using data envelopment analysis (DEA). The determinants of the technical efficiency score are 

analysed in the second stage using a random-effects tobit model. Data is gathered for this purpose from the Centre for 

Monitoring Indian Economy's (CMIE) Prowess database. When compared to the inefficient size of production, the DEA 

results show that management inefficiency is the largest contributor to overall technical inefficiency.  

Raj Yadav (2015), the purpose of this research is to look at the technological efficiency of commercial banks 

in Russia in recent years. The Data Envelopment Analysis (DEA) Approach was utilised to assess relative technological 

efficiency. Bank Efficiency Scores are further subdivided into Pure Technical Efficiency (PTE) and Scale Efficiency 

(SE). The observed technical inefficiency in Russian commercial banks has been attributed to inadequate input 

utilisation (i.e., managerial inefficiency) rather than scale efficiency. 
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Sunil Kumar & Rachita Gulati (2008), the study examined to quantify the level of technical, pure technical, 

and scale efficiencies in 27 public sector banks (PSBs) operating in India in 2004/05 using data envelopment analysis 

(DEA). The empirical findings show that PSBs have an overall technical efficiency of 88.5 percent, which means that 

inputs could be decreased by 11.5 percent without compromising output if all banks were as efficient as the 7 benchmark 

banks found by DEA.  

 

3. RESEARCH METHDOLOGY: 

In view of the study two major banks from public and private sector i.e., SBI and ICICI has been selected. Data 

collected for the study is secondary. The necessary data were collected from bank websites & published Journals. The 

study covers a phase of 11 years from 2009-10 to 2019-20. In this study an attempt has been made to identify the Overall 

Technical Efficiency, Pure Technical Efficiency & Scale Efficiency scores of the selected sample Banks with the help 

of using two prominent DEA models, the CCR and BCC models, which use traditional inputs and outputs. 

 

4. OBJECTIVE OF THE STUDY: 

This study has been focused on obtaining the following objectives: 

1. To examine the overall technical efficiency, pure technical efficiency and scale efficiency scores of SBI and 

ICICI Bank. 

2. To explore the efficient years and inefficient years of SBI and ICICI Bank. 

 

5. ANALYSIS AND INTERPRETATION: 

The goal of this research paper is to use Data Envelopment Analysis to analyze the level of technical, pure 

technical, and scale efficiencies of particular sample banks (DEA). Technical, pure technical, and scale efficiency scores 

are obtained using two prominent DEA models, the CCR and BCC models, that use traditional inputs and outputs. The 

OTE measurement can help determine inefficiency caused by input/output arrangement and operation size. In DEA, 

OTE has been split into two mutually incompatible and non-additive components: pure technological efficiency (PTE) 

and scale efficiency (SE). This deconstruction sheds light on the causes of inefficiency. The PTE measure is obtained 

by estimating the efficient frontier under the assumption of variable returns-to-scale. It is a scale-independent measure 

of technical efficiency that simply shows the managerial ability to coordinate the inputs in the manufacturing process. 

As a result, the PTE index has become popular for evaluating managerial performance. SE is determined as the 

OTE/PTE ratio SE measures management's capacity to determine the optimum amount of resources, i.e., to decide on 

the size of the bank or, in other words, to select the scale of production that would accomplish the expected production 

level. In some circumstances, the size of a bank (whether too large or too small) can be a source of technological 

inefficiency. Scale inefficiency is characterised as either a decline or an increase in returns-to-scale (DRS) (IRS). 

Declining returns-to-scale (also known as diseconomies of scale) suggest that a bank is too large to benefit fully from 

scale and has scale sizes that are larger than desirable. A bank with growing returns-to-scale (also known as economics 

of scale) is too small for its scale of operations and hence operates at a sub-optimal scale size. A bank is scale efficient 

if it operates at constant returns-to-scale (CRS). Based on Farrell's work (Farrell, 1957), Charnes et al. (1978) created 

data envelopment analysis (DEA), a nonparametric technique for assessing the relative efficiency of a set of similar 

units, often known as decision making units (DMUs). It was created to assess the relative effectiveness of non-profit 

organizations such as schools and hospitals, but its scope has rapidly extended to cover for-profit businesses as well. 

The work of Sherman and Gold was the first to employ it in the banking industry (1985). 

The present study uses an intermediary technique to select input and output variables for calculating efficiency 

scores of chosen public and private sector banks. The table below gives the input and output variables used for the study. 

Variables Description in the Balance sheet Unit of Measurement 

Input Variables 

A) Capital Fixed Assets Rs. in Crores 

B) Manpower Number of Employees Number 

C) Volume of Business Total Deposits and Advances Rs. in Crores 

Output Variables 

A) Net Interest Income - (NII) Interest Earned - Interest Expended Rs. in Crores 

B) Non-Interest Income 

Other Income 

(namely commission, exchange and 

brokerage etc.,) 

Rs. in Crores 
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5.1 TECHNICAL EFFICIENCY OF SBI & ICICI BANKS: 

Three different concepts of efficiency are defined by Diacon et al. (2002) as follows:  

 

Overall Technical Efficiency (OTEF): 

The OTE measure aids in determining inefficiency due to the input/output configuration along with the size of 

operations. The scores are obtained by applying CCR model under CRS assumption respectively. In terms of DEA if 

the bank attains Overall Technical Efficiency (OTE) scores equal to 1.00, then the bank is known as ‘globally efficient’ 

(relatively efficient) that means the bank with relative efficiency score is more efficient than the other chosen banks. It 

defines that the bank is adopting best practice or efficient frontier and forms the reference set for any inefficient banks. 

If OTE scores less than 1, it is known as overall technical inefficiency (or relatively inefficient).  

 

Pure Technical Efficiency (PTEF): 
This measures  the degree  to  which  a  firm  can  decrease  its  inputs (in  fixed  proportion)  while  still  

remaining  within  the  VRS  frontier.  Thus it examines the DMU’s overall success at utilizing its inputs. These are the 

scores that are found by using BCC Model under VRS assumption. If PTE scores are equals to1, then the bank is called 

as ‘locally efficient’ bank and exhibits managerial efficiency in utilizing the resources and can be considered that the 

banks is performing well. If it is less than 1, it indicates managerial inefficiency (PTIE) in utilization of the resources.   

 

Scale Efficiency (SEF): 
The  scale  efficiency  analyzes  the  degree  to  which  a firm  can  decrease  inputs  by  moving  to  a  part  of  the  

frontier  with  more  beneficial  returns  to scale characteristics.  Scores equal to 1will indicate an appropriate scale or 

size of operations as a whole indicates constant returns to scale (CRS) is referred as most Productive scale. If it is less 

than 1 implies Scale inefficiency (SIE) that the bank is not operating at most productive scale size. (i.e. operated below 

the optimal scale size)either it may indicate Increasing returns to scale (IRS) or Decreasing returns to scale (DRS). 

 

Table – 1 

Overall Technical Efficiency, Pure Technical Efficiency, and Scale Efficiency Scores for State Bank of India 

using Input oriented model. 

(2009-10 to 2019-20) 

Year 
OTEF 

(Score) 

OTIEF 

(%) 

PTEF 

(Score) 

PTIEF 

(%) 

SEF 

(Score) 

SIEF 

(%) 
RTS 

2009-10 1.000 0.000 1.000 0.000 1.000 0.000 Constant 

2010-11 1.000 0.000 1.000 0.000 1.000 0.000 Constant 

2011-12 1.000 0.000 1.000 0.000 1.000 0.000 Constant 

2012-13 0.916 8.433 0.934 6.587 0.980 1.976 Increasing 

2013-14 0.935 6.499 0.937 6.317 0.998 0.194 Increasing 

2014-15 1.000 0.000 1.000 0.000 1.000 0.000 Constant 

2015-16 1.000 0.000 1.000 0.000 1.000 0.000 Constant 

2016-17 1.000 0.000 1.000 0.000 1.000 0.000 Constant 

2017-18 1.000 0.000 1.000 0.000 1.000 0.000 Constant 

2018-19 1.000 0.000 1.000 0.000 1.000 0.000 Constant 

2019-20 1.000 0.000 1.000 0.000 1.000 0.000 Constant 

MEAN 0.986 1.357 0.988 1.173 0.998 0.197 ----- 

SOURCE: Compiled Data after calculation using DEAP V-2.0 

NOTE: OTEF = Overall Technical Efficiency,  

OTIEF (%) = Overall Technical Inefficiency = (1-OTEF) × 100,  

PTEF = Pure Technical Efficiency, 

PTIEF (%) = Pure Technical Inefficiency=(1-PTEF) × 100, 

SEF =Scale Efficiency, SIEF (%) = Scale Inefficiency = (1-SEF) × 100, 

RTS = Returns-to-Scale. 
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Table – 1 presents Technical Efficiency scores of Overall Technical Efficiency (OTEF), Pure Technical 

Efficiency (PTEF) and Scale Efficiency (SEF) obtained by Input-Oriented CCR & BCC models of SBI from 2009-10 

to 2019-20.   

From the table it is revealed that during the study period OTEF score equal to 1 for 9 years out of 

11 years, thus the bank is considered as ‘globally efficient’ (relatively efficient)  for these 9 years. These years together 

indicates the best practice or efficient frontier and, thus, makes the reference set for inefficient years. The process of 

resource utilization in these years is well functioning. It means that the production process of these said years is not 

characterizing any waste of inputs. In DEA terminology, those years of the bank are called peers and set an example of 

best operating practices for any inefficient years to emulate and the average OTEF is 0.986 (98.6%), whereas for the 

years 2012-13 & 2013-14 OTEF score is less than 1which are considered to be overall technical inefficient, thus, indicate 

a presence of certain deviations of the years from the best practice frontier. These inefficient years may improve their 

efficiency by decreasing inputs. Since most of the years found OTEF score is relatively efficient and so it implies that 

the bank is adopting best practices or efficient frontier. 

The PTEF scores show that the PTEF score is equal to 1 for 9 years within the study period, which are referred 

to as 'locally efficient' years. While for the years 2012-13 and 2013-14, the score is less than one, implying that all 

inefficiencies are related to managerial underperformance (i.e., managerial inefficiency) in managing the bank's inputs 

and classifying the years as 'locally inefficient.' The average PTEF value is 0.988. (98.8 percent ). PTIEF is 1.173 percent 

on average. 

Based on the scale efficiency scores, it can be deduced that the score is equal to 1 out of 11 years for 9 years. 

This demonstrates management's capacity to choose the optimum size of resources, i.e., to decide on the size of the bank 

or to choose the scale of production that would achieve the bank's expected production level. On the other hand, an 

insufficiently sized bank (either too large or too little) may be the result of technical inefficiency. When a bank operates 

at a consistent returns-to-scale, it is said to be scale efficient (CRS). SEF is 0.998 on average (98.8 percent ). 

Furthermore, years with a score less than one are considered scale inefficient. For the years 2012-130 and 2013-14, 

which showed increasing returns to scale (IRS), and the average SIEF score is 0.197 percent, this indicates that the bank 

is inefficient in operating business activities in these years due to an inappropriate scale of production. Since the SE 

score has been found to be relatively efficient for the majority of the years, it indicates that the bank is using best 

practices or the efficient frontier for the exploitation of input resources and operating the bank at an adequate scale. 

Table – 1(A) 

REFERENCE SET FOR INEFFICIENT YEARS OF SBI 

(2009-10 TO 2019-20) 

SOURCE: Compiled from Researcher’s calculation 

NOTE: Bold figures are values obtained from solution of CCR model for inefficient years of SBI. 

 

Discrimination of Inefficient Years: 

 

Table – 1(A) represents discriminate efficient years of SBI, the method given by Chen (1997) and Chen and 

Yeh (1998) is adopted, used the frequency in the ‘reference set’ to discriminate them. The frequency, which an efficient 

year shows in the reference sets of inefficient years, indicates the extent of robustness of that year relative to other 

efficient years. Higher the frequency, the more robust it is. In other words, a year which appears frequently in the 

reference set of inefficient years is likely to be a year which is efficient with respect to a large number of factors, and is 

probably a good example of a ‘well-rounded performer’ or ‘global leader’ or ‘year with high robustness’. Further, 

these years are likely to remain efficient unless there are major shift in their fortunes. For 2014-15, 2015-16, 2017-18 

and 2018-19 have high frequency count of 1 compared to other years which represents high robustness and the other 

years with frequency count 0 represents efficient by default yet they don’t exemplify any best practices to be adopted 

by the inefficient years in their pursuit to improve their levels of efficiency. In fact, these years may be rightly designated 

as ‘efficient by default’. Hence the inefficient years can enhance their level of efficiency by reducing their values of 

inputs such as Capital, Manpower and Volume of Business. 

 

Inefficient 

Years 

OTE 

Scores 

(CCR) 

Reference Set 

2009-

10 
2010-11 

2011-

12 
2014-15 2015-16 

2016-

17 

2017-

18 

2018-

19 

2019-

20 

2012-13 0.934         0.124   0.008 0.006   

2013-14 0.959       0.529           

Frequency Count 0 0 0 1 1 0 1 1 0 
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Table – 2 

Overall Technical Efficiency, Pure Technical Efficiency, and Scale Efficiency Scores for ICICI Bank using 

Input oriented model. 

(2009-10 to 2019-20) 

Year 
OTEF 

(Score) 

OTIEF 

(%) 

PTEF 

(Score) 

PTIEF 

(%) 

SEF 

(Score) 

SIEF 

(%) 
RTS 

2009-10 0.925 7.486 1.000 0.000 0.925 7.486 Increasing 

2010-11 0.821 17.896 1.000 0.000 0.821 17.896 Increasing 

2011-12 0.841 15.902 0.989 1.123 0.851 14.946 Increasing 

2012-13 0.955 4.498 1.000 0.000 0.955 4.498 Increasing 

2013-14 0.955 4.505 0.978 2.153 0.976 2.404 Increasing 

2014-15 1.000 0.000 1.000 0.000 1.000 0.000 Constant 

2015-16 1.000 0.000 1.000 0.000 1.000 0.000 Constant 

2016-17 1.000 0.000 1.000 0.000 1.000 0.000 Constant 

2017-18 0.966 3.415 0.969 3.145 0.997 0.278 Increasing 

2018-19 0.954 4.614 0.978 2.237 0.976 2.431 Increasing 

2019-20 1.000 0.000 1.000 0.000 1.000 0.000 Constant 

MEAN 0.947 5.301 0.992 0.787 0.955 4.540 ----- 

SOURCE: Compiled Data after calculation using DEAP V-2.0 

NOTE: OTEF = Overall Technical Efficiency,  

OTIEF (%) = Overall Technical Inefficiency = (1-OTEF) × 100,  

PTEF = Pure Technical Efficiency, 

PTIEF (%) = Pure Technical Inefficiency=(1-PTEF) × 100, 

SEF =Scale Efficiency, SIEF (%) = Scale Inefficiency = (1-SEF) × 100, 

RTS = Returns-to-Scale. 

Table – 2 represents Technical Efficiency scores of Overall Technical Efficiency (OTEF), Pure Technical 

Efficiency (PTEF) and Scale Efficiency (SEF) obtained by Input-Oriented CCR & BCC models of ICICI Bank 

from 2009-10 to 2019-20. 

 

From the table it can be revealed that during the study period OTEF score equal to 1 for 4 years out 

of 11 years, thus the bank is considered as ‘globally efficient’ (relatively efficient)  for these 4 years. These years 

together indicates the best practice or efficient frontier and, hence, form the reference set for inefficient years. The 

method of resource utilization in these years is functioning well. It implies that the production process of these years is 

not characterizing any waste of inputs. In DEA terminology, these years of the bank are referred as peers and set an 

example of best operating practices for inefficient years to emulate and the average OTEF is found to be 0.947 (94.7%), 

whereas for the years 2009-10, 2010-11, 2012-13, 2013-14, 2017-18 & 2018-19 OTEF score is less than 1which indicate 

overall technical inefficient, thus, denotes presence of marked deviations of the years from the best practice frontier. 

These inefficient years can improve their efficiency by decreasing inputs. The average OTIEF score is 5.301%. Since 

most of the years found OTEF score is relatively inefficient and so it represents that the bank must follow best practices 

or efficient frontier for these inefficient years in order to enhance level of efficiency.  

 

From the scores of PTEF it can be found that the PTEF score is equal to 1 for 7 years during the study period 

and hence referred as ‘locally efficient’ years. Whereas  for the years 2011-12, 2013-14, 2017-18 & 2018-19 the score 

are less than 1 which means that all the inefficiencies are due to managerial underperformance (i.e., managerial 

inefficiency) in utilizing the bank’s inputs and treated the years as ‘locally inefficient’ years. The average PTEF is 0.992 

(99.2%). The average PTIEF is 0.787%. 

 

From the scores of scale efficiency, it can be observed that for 4 years the score is equal to 1 out of 

11 years. This shows the capability of the management to select the optimum size of resources, i.e., to decide on the 

bank’s size or to select the scale of production that would attain the bank expected level of production. On the other side 

inappropriate size of a bank (too large or too small) may sometimes because of technical inefficiency. A bank is scale 

efficient when it functions at a constant returns-to-scale (CRS). Average SEF is 0.955 (95.5%). Furthermore the years 

for which score is less than 1 are considered as scale inefficient for the years 2009-10, 2010-11, 2011-12, 2012-13, 

2013-14, 2017-18 & 2018-19  which shown Increasing returns to Scale (IRS) and the average SIEF score is 4.540% 
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then it represents that bank is inefficient in these years in operating the business activities due to inappropriate scale of 

production.  Since for the many of the years, SEF score found relatively inefficient then it indicates that the bank is 

failed in maintaining best practices or efficient frontier for the utilization of input resources and do not operates the bank 

with appropriate scale. 

Table – 2(A) 

REFERENCE SET FOR INEFFICIENT YEARS OF ICICI BANK 

(2009-10 to 2019-20) 

Inefficient Years 
OTEF Scores 

(CCR) 

Reference Set 

2014-15 2015-16 2016-17 2019-20 

2009-10 0.925     0.295   

2010-11 0.821     0.036   

2011-12 0.841         

2012-13 0.955   0.432     

2013-14 0.955   0.164     

2017-18 0.966     0.560 0.177 

2018-19 0.954       0.660 

Frequency Count 0 2 3 2 

SOURCE: Compiled data from Researcher’s calculation 

NOTE: Bold figures are values obtained from solution of CCR model for inefficient years of ICICI Bank. 

 

Discrimination of Inefficient Years: 

 

To discriminate efficient years of ICICI Bank, the method proposed by Chen (1997) and Chen and Yeh (1998) 

is followed, used the frequency in the ‘reference set’ to discriminate them. The frequency, which an efficient year shows 

up in the reference sets of inefficient years, represents the extent of robustness of that year relative to other efficient 

years. Higher the frequency, the more robust it is. In other words, a year which appears frequently in the reference set 

of inefficient years is likely to be a year which is efficient with respect to a large number of factors, and is probably a 

good example of a ‘well-rounded performer’ or ‘global leader’ or ‘year with high robustness’. Further, these years 

are likely to remain efficient unless there are major shift in their fortunes. For 2015-16, 2016-17 and 2019-20 have high 

frequency count of 2 & 3 compared to other years which represents high robustness and the other years with frequency 

count 0 indicates efficient by default yet they don’t exemplify any best practices to be followed by the inefficient years 

in their pursuit to enhance their levels of efficiency and a small rise in input or a fall in output likely to be declined from 

efficient frontier. In fact, these years may be rightly designated as ‘efficient by default’. Hence the inefficient years can 

enhance their level of efficiency by reducing their values of inputs such as Capital, Manpower and Volume of Business. 

 

Table – 3 

COMPARISON OF AVERAGE TECHNICAL EFFICIENCY SCORES OF 

SBI & ICICI BANK 

 

S. No. Average Technical Efficiency State Bank of India ICICI Bank 

1 
Average Overall Technical Efficiency (OTEF) - 

CCR Model 
0.986 0.947 

2 
Average Pure Technical Efficiency (PTEF) - 

BCC Model 
0.988 0.992 

3 Average Scale Efficiency (SEF) - BCC Model 0.998 0.955 

SOURCE: Compiled data from Researcher’s calculations. 
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FINDINGS AND RECOMMENDATIONS FROM THE COMPARISON OF AVERAGE TECHNICAL 

EFFICIENCY SCORES OFSBI & ICICI BANK: 

 

Table - 3 shows the summary of average technical efficiency attained under CCR model and Pure and scale 

efficiency under BCC model of DEA Approach of SBI & ICICI Banks. 

The Average OTEF of SBI is 98.6% (0.986) and ICICI Bank is 94.7%. This indicates that average OTEF 

of SBI is more efficient than the ICICI Bank by implementing best practice technology. The opted sample Banks 

has to decrease their inputs of capital, Manpower and Volume of Business by at least 1.4% of SBI and 5.3 % of 

ICICI Bank respectively and produces same level of outputs. However, the best practices which are adopted by 

selected Banks may differ from bank to bank. 

 

The Average Pure Technical Efficiency (PTEF) of SBI is 98.8% (0.988) and ICICI Bank is 99.2% (0.992). 

This shows that Average PTE of ICICI Bank is more efficient than the SBI. PTEF scores of SBI reveals that high 

managerial efficiency in utilization of resources. The average PTIE (Pure Technical Inefficiency) of SBI is 1.173% 

and ICICI Bank is 0.787% can be eliminated by adopting best managerial practices and improving managerial 

performance for the optimum utilization of inputs of the chosen banks. 

 

The Average Scale Efficiency (SEF) of SBI is 99.8% (0.998) and ICICI Bank is 95.5% (0.955). This 

indicates that average SEF of SBI is more efficient than the ICICI Bank. SEF scores of SBI imply that optimum 

scale of operations which indicates more appropriate size of operations. The average SIEF (Scale Inefficiency) of 

SBI is 0.197% and ICICI Bank is 4.540% the main reason of inefficiency was mainly due to inappropriate size of 

the organization and scale of operations. Thus inefficiency due to scale of operations can be reduced or eliminated 

by increasing the size of the scale or by altering the operations level of the bank. 
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