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Abstract

The aim of this paper is to review why and how banks' performance could be measured by
observing the findings of different scholars from national and international journal
articles. It has been observed that the rationale of measuring bank performance is not
questionable because the main reason for the establishment of banks is to mobilize the
scarce resources of a given economy from surpluses to deficit areas to maintain the
smooth, efficient and effective accomplishment of economic activities. Thus, different tools
are being applied by different scholars to measure the banks' efficiency which includes; the
traditional financial accounting ratio analysis and frontier efficiency analysis. Studies on
the area suggest that financial accounting measures arve very primitive and are being
obsolete as it lacks to incorporate the risk factor, industry and macroeconomic factors
which severely affect the performance of banks. Virtually these deficiencies are currently
resolved by the application of frontier analysis, especially data envelopment and stochastic
frontier analysis with their own merits and demerits. It is also recommended that scholars
can use either of these approaches with their own logical preference and circumstances as
well.

Keywords: efficiency, chance-constrained data envelopment analysis, data envelopment
analysis, stochastic frontier analysis

1. Introduction

Bank efficiency is the central concern in banking literature due to the belief that efficiency will
become the strategic variable in tackling the increasing competitive pressure and structural changes
within the banking industry(Chen, 2002). A comparison of chance-constrained data envelopment
analysis (CCDEA) and stochastic frontier analysis (SFA) have been applied by this author in
examining the bank efficiency in Taiwan with the justification that unpredictability of customer
demand makes the banks' input-output relationship stochastic. Two reasons have been argued in this
regard: firstly, bank service often consists of one-off activities and the result of bank service
processes are common of a stochastic nature. Secondly, the turbulent financial crisis period made
market conditions more unpredictable and stochastic. Among others, the DEA approach is well
known in its feature of using a mathematical programming technique to construct a piecewise linear
frontier and it can be referred as non-parametric programming approach (Anderson, Fish, Xia, &
Michello, 1999; C. F. Chen, 2007; T. Y. Chen, 2002; Glass, Kenjegalieva, & Sickles, 2016; Odeck
& Brathen, 2012; Zheng & Park, 2016). Regarding the CCDEA approach, Charnes-Cooper-Rhods
(1995) has applied this approach to measure efficiency in the case of uncertainty and possibility of
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violated constraints. Besides (Tsionas, 2003, 2012) argued that Stochastic frontier models and data
envelopment analysis (DEA) models have proved extremely useful in the measurement of the
technical efficiency of production units. The two approaches are traditionally thought to be
competing. Stochastic frontier models make assumptions about the functional form of production or
cost functions and can deal effectively with the presence of noise in the data, whereas DEA models
make no assumptions about the functional forms but cannot deal effectively with measurement
error. DEA methods are organized around linear programming, while stochastic frontier models
require econometric estimation, either frequentist or Bayesian (Anderson et al., 1999; George Assaf,
2012; Odeck & Brathen, 2012; Odukoya, 2007). Efficiency measurement with stochastic frontier
models is troublesome in many situations because decomposing the overall error term into a two-
sided and a one-sided disturbance terms may be problematic. The reason is that when the noise-to-
signal ratio is relatively high, the overall error term would appear to be approximately symmetric in
which case identification of the efficiency component would be problematic. See Tsionas (1999) for
an analysis in the context of stochastic frontiers with gamma distributed inefficiency. Thus, the
purpose of this paper is to comprehensively and critically review the existing theoretical and
empirical literature on how to measure bank efficiency, which of the rudimentary models mentioned
here above is appropriate and in which context?

2. the objective of the review
The objective of the review on this area is mainly to simplify the following dilemmas:

e The rationale for measuring bank efficiency?
e How can we measure banks’ efficiency?
o Frontier efficiency analysis/measurement
= Non-parametric approach: Data envelopment analysis (DEA)
= Parametric approach: Stochastic frontier analysis (SFA)
3. Methodology

Since the main aim of this paper is to critically review theoretical and empirical studies on the two
common bank efficiency measurement modalities, DEA & SFA, and justify their customization,
basically the paper relies on the information from theories and empirical literature from the existing
stock of knowledge. Here, quality is maintained via focusing on those materials from reliable
sources such as reputable journals and Book repositories.

4. Theoretical overview: Banking efficiency
4.1 Theoretical foundations of bank efficiency

Since the period of slavery and feudalism, the world has observed advanced technological and
organizational progress, which caused the increase in the efficiency of economic organizations.
According to Wilkin (1997), acceptance of economic efficiency as a key criterion of economic
valuation was owing to representants of classical economics, mainly Adam Smith as well as
representants of classic utilitarianism, including John Stuart Mill and Jeremy Bentham who
promoted liberalism and individualism. Economic liberalism advocates laissez-faire capitalism,
liberal principles of decision making and emphasizes the importance of firm efficiency. Those ideas
were accepted by neo-realist theories with the special contribution of Ludwig von Misses and
Friedrich A. von Hayek. Efficiency has often been identified with productivity. Adam Smith in his
famous book “An Inquiry into the Nature and Causes of the Wealth of Nations™ states that the
division of labour will provide the greatest improvement in productivity and worker skill (Smith,
1976). Increase in the productivity of work, according to Smith, is owing to the saving of the work
time and to the invention of a great number of machines which facilitate and shorten labour and
enable one man to do the work of many. Marx drew a sharp distinction between the productivity of
labour in terms of physical outputs produced and the value or price of those outputs. He rejected the
possibility of a concept of productivity that would be entirely neutral and unbiased by the interests
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of different social classes. According to Marxists, productivity growth without simultaneous wage
rise increases the extraction of surplus value from the working class.

Apart from above-mentioned theories, the focus on economic efficiency is also given by welfare
economics, which attempts to maximize social welfare by examining the economic activities of the
individuals. The first fundamental theorem of this theory is that competitive markets are efficient
and lead to a unique and optimal allocation of resources (allocative efficiency). Pareto efficiency as
a measure of social welfare is used by many scholars as their efficiency goal. According to this
measure, a situation is optimal only if no individuals can be made better off without making
someone else worse off. Contrary, situations are considered to have distributive efficiency when
goods are distributed to those individuals who can gain the most utility from them. Reading of
Samuelson and Nordhaus (1995) confirms that competition of the market mechanism assures
efficiency and everyone’s welfare. They admit, however, that a perfect and absolutely efficient
competitive mechanism has never existed and never will.

Looking specifically at banks there is a wide range of definitions of efficiency in the literature. The
term is approached from various angles. Efficiency also measures the use of the specific goals as
the basis for determining efficiency. Efficiency is analyzed from the point of economic theory and
organization theory. According to Stepien (2004), it is possible to investigate efficiency at the level
of the bank or its organizational units, and for particular bank’s activities. According to Drucker,
who explains the difference between efficiency and effectiveness, “efficiency means doing things
right, and effectiveness means doing the right things". The pure economic concept of efficiency
assumes that efficiency is the ratio of total output goods with respect to input resources. Efficiency
is regarded to be higher with the higher level of this ratio. Rose (1997) defines efficiency as an
indicator showing the ability of bank managers and its staff to keep the rate of increase in revenues
and income at the level that exceeds the rate of increase in operational costs. Up to Jaworski (2006),
efficient activities are those activities which not only lead to achieving intended goals but also
assure economic benefits higher than inputs.

Literature suggests as different techniques have been employed to estimate efficiency. Most
economists generally accept the principle of rational behavior and analyze banks utilizing the neo-
classical theory of the firm. Such an approach makes possible to use traditional economic measures
of efficiency (inputs, outputs, cost constraints, etc.). However, in the reality banks operate under
uncertainty and imperfect information. This suggests that banks should not be assessed on the basis
of traditional efficiency measures alone and that assessing their overall performance requires
assessing both efficiency and risk factors. Banks strategy goal should be risk-adjusted profit
maximization. Capiga (2003) presents different possible views on bank efficiency, which include
distinction between: (1) Organizational efficiency which deals with organization goals, its
resources, internal and external environment, and business performance through time, (2) Financial
efficiency which examines those items that are financial in nature (included in banks financial
statements), for example, by use of financial ratios, cost efficiency which determines how close
bank’s costs lie to the efficient cost frontier for given inputs and their ratios (technology).
Rogowski (1998a) points out those studies on measuring bank efficiency have focused on two
alternative approaches: Analysis of technical efficiency and Analysis of scale and scope efficiency.

4.2 The concept of Technical efficiency

Technical efficiency (TE) relates to the productivity of inputs (Sathye, 2001). The technical
efficiency of a firm is a comparative measure of how well it actually processes inputs to achieve its
outputs, as compared to its maximum potential for doing so, as represented by its production
possibility frontier (Barros and Mascarenhas, 2005). According to (Bhattacharyya et al., 1997),
technical efficiency of the bank is its ability to transform multiple resources into multiple financial
services a bank is said to be technically inefficient if it operates below the frontier. A measure of
technical efficiency under the assumption of constant returns-to-scale (CRS) is known as a measure
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of overall technical efficiency (OTE). The OTE measure helps to determine inefficiency due to the
input/output configuration as well as the size of operations. Farrell (1957) defines technical
efficiency as a firm’s success in producing maximum output from a given set of inputs (i.e.
producing on the technical frontier). The production function can be estimated from sample data
employing either non-parametric (mathematical programming) or parametric (econometrics)
approach. Technical efficiency is evaluated by the unit's distance from the (best practice)
production frontier.

Technical efficiency index can be estimated from 0 to 100%. Index equal to 100% represents full
efficiency (the production unit belongs to the production frontier), whereas the score below 100%
indicates some relative inefficiency.

Curve of efficiency

Output area of technical inefficiency

v

Input

Figure 1: Efficiency frontier and technical inefficiency area

Rogowski (1998b) marks that there are two measures of technical efficiency, which are primarily
used in the literature: output-oriented and input-oriented technical efficiency.

Input-oriented technical efficiency or X-efficiency refers to selecting the appropriate inputs, i.e. the
optimal scale and mix of inputs, given the output bundle. One of the most common measures
applied is cost X-efficiency. In output-oriented technical efficiency, the focus is on increasing
output without changing the inputs used. It is, among others, used for revenue analysis. Measuring
technical efficiency is a very popular approach used to estimate firms' efficiency.

4.3 Analysis of scale and scope efficiency

In data envelopment analysis (DEA), OTE measure has been decomposed into two mutually
exclusive and non-additive components: pure technical efficiency (PTE) and scale efficiency (SE).
This decomposition allows an insight into the source of inefficiencies. The PTE measure is obtained
by estimating the efficient frontier under the assumption of variable returns-to-scale. It is a measure
of technical efficiency without scale efficiency and purely reflects the managerial performance to
organize the inputs in the production process. Thus, PTE measure has been used as an index to
capture managerial performance. The ratio of OTE to PTE provides SE measure. The measure of
SE provides the ability of the management to choose the optimum size of resources, i.c., to decide
on the bank’s size or in other words, to choose the scale of production that will attain the expected
production level. Inappropriate size of a bank (too large or too small) may sometimes be a cause of
technical inefficiency.

This is referred to as scale inefficiency and takes two forms: decreasing returns-to-scale (DRS) and
increasing returns-to-scale (IRS). Decreasing returns-to-scale (also known as diseconomies of scale)
implies that a bank is too large to take full advantage of scale and has supra-optimum scale size. In
contrast, a bank experiencing increasing returns-to-scale (also known as economies of scale) is too
small for its scale of operations and, thus, operates at sub-optimum scale size. A bank is scale
efficient if it operates at constant returns-to-scale (CRS).
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5. Why we measure banks’ efficiency?

According to Kumar & Gulati (2008), while dealing with banking efficiency analyses, the very first
question which strikes in the mind of the research analysts is that why regulators, customers,
managers, and stakeholders bother about the relative efficiency of banks? The answers of this
question will be different depending upon the perspectives of interested parties.

From the regulators’ perspective, inefficient banks are riskier and have a higher likelihood of
failure. Further, the efficiency of banks is directly linked to the productivity of the economy.
Without a sound and efficiently functioning banking system, the economy cannot function smoothly
and efficiently. When banking system fails, the whole of a nations’ payments system is in jeopardy.
From the point of view of customers, only efficient banks can offer better services at reasonable
prices. The standpoint of stakeholders is that only efficient banks ensure reasonable returns. The
perspective of bank managers is that in a dynamic and competitive market environment, only
efficient banks will survive and maintain their market share, and inefficient ones will eventually be
eliminated through Darwinian selection. The efficient banks are better able to compete because of
their lower operating costs and can steal business away from less efficient banks.

Berger & Humphrey (1997) assert that the whole idea of measuring bank performance is to separate
banks that are performing well from those which are doing poorly. They further indicated that
"evaluating the performance of financial institution can inform government policy by assessing the
effects of deregulation, mergers and market structure on efficiency". Bank regulators screen banks
by evaluating banks' liquidity, solvency and overall performance to enable them to intervene when
there is need and to gauge the potential for problems (Casu et al, 2006). On a micro-level, bank
performance measurement can also help improve managerial performance by identifying best and
worst practices associated with high and low measured efficiency.

In sum, the relative efficiency of banks is always a matter of serious interest to the regulators,
customers, stakeholders, and managers.

6. Empirical studies
6.1 determinants of banks’ efficiency

Internal (bank-specific) and external (macroeconomic environment) factors determining banks’
efficiency (Siudek, 2008). According to Almazari (2013), most reviewed studies on bank-specific
characteristics are represented by; size, non performing loan ratio (NPL), capital adequacy, non
interest income to total asset, (NII/TA), noninterest expenses to total assets, (NIE/TA), profitability
measures indicated by ROA and NIM, similarly all of these bank-specific characteristics were
supported by different researchers with contradicting results in relationship with bank efficiency
(Raphael, 2013).

The internal factors such as the management decisions on (balance sheets and/or profit and loss
accounts), size of the bank, capital, risk management, and expenses management affect the
profitability of the bank directly because most of these factors remain confidential. Other internal
factors, such as credit or liquidity are considered as bank-specific factors, which closely related to
bank management, especially the risk management. The need for risk management in the banking
sector is inherent in the nature of the banking business. Low asset quality and poor liquidity are the
two major causes of bank failures and represented as the key risk sources in terms of credit and
liquidity risk and attracted great attention from researchers to examine their impact on bank
profitability.

The external factors affecting the profitability of banks are represented in economic situations and
institutional background. The macroeconomic environment, such as inflation, interest rates, and
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cyclical output, and variables that represent market characteristics such as market concentration,
industry size, and ownership status.

6.2 Banks’ efficiency measurement proxies

Nowadays, especially in the light of recent financial crisis occurring in some countries,
measurement, and assessment of banks' efficiency has become one of the most important issues
concerning banks' market-related activities. Globalization of the financial markets and growing
competition in the banking sector has posed new challenges in research on the efficiency of
financial institutions, including banks (Siudek, 2008). The two common tools (Financial accounting
ratios analysis, Frontier efficiency analysis) applied to measure the banks’ efficiency are discussed
below.

6.2.1 Financial accounting ratios analysis/ the conventional ratio analysis

The main purpose of this paper is to review how to measure banking efficiency using the common
frontier approaches that have been utilized extensively in the applied research on the banking
efficiency. Earlier, the regulators, managers, investors, and analysts in the banking sector generally
relied on financial accounting ratios to assess the relative efficiency of banks. The main reasons for
using ratios as a tool for performance evaluation are to allow comparison among similar-sized
banks and to control for sector-specific characteristics permitting the comparison of individual
bank's ratios with some benchmark for the sector (Halkos and Salamouris, 2004). Many different
ratios have been employed to examine various aspects of a bank’s performance. For instance,
Intermediation cost, Interest spread, Operating expenditure, Cost to income ratio, Return on Assets,
Return on Equity, Business per employee, Income per employee and Business per branch, among
others are some commonly used accounting ratios for assessing the financial performance of the
banking units.

Though financial accounting ratios are simple to use and relatively easy to understand, but their use
to measure bank performance is subject to many criticisms. The financial ratios don't take account
the differences in the business undertaken by different banks, which will, in turn, be reflected in
different combinations of inputs and outputs (Tripe, 2004). DeYoung (1998) suggests that blind
pursuit of accounting based benchmarks might reduce a bank’s cost efficiency by cutting back on
those expenditures necessary to run the bank properly. Further, Berger et al. (1993a) note that
financial ratios may be misleading because they do not control for product mix or input prices.

On the other hand, the main advantage of FRA is its ability and effectiveness in distinguishing high-
performance banks from others and the fact that FRA compensates for disparities and controls for
any size effect on the financial variables being studied (Samad, 2004). Additionally, financial ratios
can be used to identify a bank's specific strengths and weaknesses as well as providing detailed
information about bank profitability, liquidity, and credit quality policies (Hempel et al, 1994;
Dietrich, 1996). FRA permits a historical sketch of bank returns and risks which Hempel et al,
(1994) suggests presents an opportunity to evaluate the past performance of the bank which is an
important step for planning for future performance. Although accounting data in financial
statements is subject to manipulation and financial statements are backward looking, they are the
only detailed information available on the bank’s overall activities (Sinkey, 2002). Furthermore,
they are the only source of information for evaluating the management’s potential to generate
satisfactory returns in future.

6.2.2 Frontier efficiency analysis/measurement
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Owing to aforementioned intricacies of the financial accounting ratios, the frontier efficiency
analysis gained tremendous popularity in measuring the efficiency of banking industry. Bauer et al.
(1998) suggested that frontier efficiency analysis is superior to the financial ratios' analysis. The
frontier efficiency approach is based on the recognition that some banks will not be as successful as
others in meeting their objectives. The technique measures the performance of each bank in an
industry relative to the efficient frontier consisting of dominant banks in the industry. A bank is
classified as fully efficient (with efficiency score equals to 1) if it lies on the frontier and inefficient
(with efficiency score ranges from 0 to 1) if its outputs can be produced more efficiently by another
set of banks. It is significant to note here that each frontier technique involves various models for
deriving a measure of best-practice for the sample of banks and then determine how closely
individual banks lie relative to this standard. The best practice is usually in the form of an efficient
frontier that is estimated using econometric or mathematical programming techniques. The frontier
techniques summarize bank performance in a single statistic that controls for the differences among
banks in a sophisticated multidimensional framework that has its roots in economic theory. Further,
frontier efficiency measures dominate the traditional ratio analysis in terms of developing
meaningful and reliable measures of bank performance. Owing to these features of frontier
methodology, the conventional ratio analysis is becoming obsolete.

The available frontier efficiency approaches can be grouped into two major estimation techniques:
Parametric and Non-parametric approaches.

In parametric approaches, a specific functional form of the production function like Cobb-Douglas
and transcendental logarithmic (Tran’s log), etc. is required to specify a priori. The efficiency is
then assessed in relation to this function with constant parameters and will be different depending
on the chosen functional form. On the other hand, non-parametric approaches do not specify a
functional form, but nevertheless require certain assumptions about the structure of production
technology (e.g., free disposabilityl, convexity2, etc.). In the non-parametric approaches, a separate
mathematical programming problem is needed to solve for obtaining the efficiency scores for the
individual banks included in the sample.

Further, non-parametric approaches are deterministic in nature since these approaches postulate that
all the distances from the efficient frontier are assumed to be caused by inefficiency. The following
figure highlights the major frontier efficiency techniques which are being utilized by the researchers
in banking efficiency analyses.
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I.  Figure: Frontier approaches for measuring banking efficiency
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6.2.2.1 Non-parametric approach: Data envelopment analysis (DEA)

DEA is a linear (mathematical) programming based method first originated in the literature by
Charnes et al. (1978) as a reformulation of the Farrell’s (1957) single-output, single-input radial
measure of technical efficiency to the multiple outputs, multiple-input case. DEA calibrates the
level of technical efficiency (TE) on the basis of an estimated discrete piecewise frontier (or so-
called efficient frontier or best-practice frontier or envelopment surface) made up by a set of Pareto-
efficient decision-making units (DMUSs). In all instances, these Pareto-efficient banks located on the
efficient frontier, compared to the others, use minimum productive resources given the outputs
(input-conserving orientation), or maximize the output given the inputs size (output-augmenting
orientation), and are called the best-practice performers or reference units or peer units within the
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sample of banks. These Pareto-efficient banks have a benchmark efficiency score of unity that no
individual bank's score can surpass. In addition, it is not possible for the Pareto-efficient unit to
improve any input or output without worsening some other input or output. It is significant to note
that the efficient frontier provides a yardstick against which to measure the relative efficiency of all
other banks that do not lie on the frontier. The banks which do not lie on the efficient frontier are
deemed relatively inefficient (i.e., Pareto non-optimal banks) and receives a TE score between 0
and 1. The efficiency score of each bank can be interpreted as the radial distance to the efficient
frontier. In short, the DEA forms a non-parametric surface frontier (more formally a piecewise-
linear convex isoquant) over the data points to determine the efficiency of each bank relative to this
frontier.

DEA has an advantage of computing efficiency scores in multiple-inputs and multiple-outputs
production setting without specifying any functional form and distribution of the inefficiency term,
but makes no room for noise and lacks hypothesis testing.

6.2.2.2 Parametric approach: Stochastic frontier analysis (SFA)

Another widely used frontier efficiency methodological framework used in applied banking
efficiency analyses is stochastic frontier analysis (SFA) which was independently proposed by
Aigner et al. (1977) and Meeusen and Broeck (1977). Coelli et al. (2003) listed out the main
advantages of SFA methodology as:

(i) environment variables are easier to deal with,

(i) it allows us to conduct statistical tests of hypotheses concerning any parameter
restrictions associated with economic theory, and

(iii)  Allows an easier identification of outliers. On the other hand, the main disadvantages of
SFA are that estimation results are sensitive to distributional assumptions on the error
terms, and it requires large samples for robustness, so it is very demanding regarding
data requirements.

The stochastic frontier involves two random components, one associated with the presence of
technical inefficiency and the other being a traditional random error. Though the efficiency
estimates from SFA accommodate the noise, yet these estimates are very sensitive to the choice of
functional form and distribution of the inefficiency term.

7. What determines the best approaches to measure banks’ efficiency?

It has been observed that the frontier efficiency measurement methods made the traditional financial
accounting ratios' analysis completely obsolete and outdated. From the deep inspection of literature,
I note that data envelopment analysis (DEA) and stochastic frontier analysis (SFA) are the
predominant frontier approaches that have attracted many empirical studies. Both the approaches
have their distinct advantages and disadvantages. DEA has an advantage of computing efficiency
scores in multiple-inputs and multiple-outputs production setting without specifying any functional
form and distribution of the inefficiency term, but makes no room for noise and lacks hypothesis
testing. On the other hand, though the efficiency estimates from SFA accommodate the noise, yet
these estimates are very sensitive to the choice of functional form and distribution of the
inefficiency term. In sum, no agreement has been reached on the superiority of one method over the
others, and choice of a particular method is primarily guided by the data considerations and an
individual preference.

8. Reflections

The measure of bank efficiency is not questionable. The whole idea of measuring bank performance
is to separate banks that are performing well from those which are doing poorly According to
Berger & Humphrey (1997). Evaluating the performance of financial institution can notify
government policy by assessing the effects of deregulation, mergers and market structure on
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efficiency, improve managerial performance by identifying best and most horrible practices
associated with high and low measured efficiency. Hence, all the aforementioned importance of
measuring bank efficiency/ performance is possible solely through the application of appropriate
measurement tools such as frontier analysis approach as it compromises the deficiency of traditional
financial accounting approaches which lacks to consider different combinations of inputs and
outputs in view of the fact that banks' efficiency can be affected by both bank specific, industry-
specific and macroeconomic variables. The reviewed studies show the existence of significant
difference in efficiency scores between CCDEA and Stochastic frontier production function. Thus,
a bank is fully efficient (with efficiency score equals to 1) if it lies on the frontier and inefficient
(with efficiency score ranges from 0 to 1) if its outputs can be produced more efficiently by another
set of banks. It is significant to note here that each frontier technique involves various models for
deriving a measure of best-practice for the sample of banks and then determine how closely
individual banks lie relative to this standard. But my argument here is that how could it be, 100%
efficient bank? Samuelson and Nordhaus (1995) confirm that competition of the market mechanism
assures efficiency and everyone’s welfare. They admit, however, that a perfect and absolutely
efficient competitive mechanism has never existed and never will. Are the assumptions realistic?
How it works on the ground? Is that economically sensible to take the dominate banks
frontier/efficiency as benchmark? Though these dilemmas, it is the best measure contrary to the
traditional financial accounting ratio analysis, is a new thinking and researchers tend to exploit
practically since 1970s.
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