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Abstract
The current paper presents mathematical programming models for use in benchmarking where multiple performance measures are needed to examine the performance and productivity changes. The standard data envelopment analysis method is
extended to incorporate benchmarks through (i) a variable-benchmark model where a unit under benchmarking selects a portion of benchmark such that the performance is characterized in the most favorable light, and (ii) a 4xed-benchmark model
where a unit is benchmarked against a 4xed set of benchmarks. The models are applied to a large Canadian bank where some
branches’ services are automated to reduce costs and increase the service speed, and ultimately to improve productivity. The
empirical investigation indicates that although the performance appears to be improved at the beginning, productivity gain has
not been discovered. Our 4nding can facilitate the bank in examining its business options and further point to weaknesses and
strengths in branch operations.
? 2004 Elsevier Ltd. All rights reserved.
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1. Introduction
Performance evaluation and benchmarking has become an
important continuous improvement tools for business units
in the high-technology world of computers and telecommunications where competition is intense and grows more
so each day. Benchmarking activities positively force any
business unit to constantly evolve and improve in order
to survive and prosper in a business environment facing
global competition. In fact, as reported in a recent Wall
Street Journal poll [1], benchmarking is one of the top
three important and popular tools for continuous improvement. Gap analysis is often used as a fundamental method in
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performance evaluation and benchmarking. However, as
pointed out by Camp [2], one of the dilemmas that we
face is how to show benchmarks where multiple measurements exist. It is rare that one single measure can suEce
for the purpose of performance evaluation. As a result,
some multi-factor based gap analysis methods have been
developed, e.g., Spider charts, AHP maturity index, and Z
charts. Although gaps can be identi4ed within each performance measure, it remains a challenging task to combine
the multiple measures in the 4nal stage.
Therefore, benchmarking models that can deal with
multiple performance measures and provide an integrated
benchmarking measure are needed. Note that a mathematical programming based method—data envelopment
analysis (DEA) [9] has been proven an e#ective tool for
evaluating the relative eEciency of peer decision making
units (DMUs) when multiple performance measures are
present. DEA evaluates eEciency without the need to specify the relationships or tradeo#s among the performance
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measures prior to the computation, and DEA identi4es
an eEcient frontier (tradeo# curve) along with eEciency
scores for all DMUs. This type of eEciency evaluation has
also been regarded as benchmarking [3], since the eEcient
frontier identi4ed can be regarded as an empirical benchmark frontier. However, when a new DMU outperforms the
identi4ed eEcient frontier, a new frontier is generated by
DEA. As a result, we do not have the same benchmark for
other new DMUs, i.e., the original DEA method cannot be
viewed as a multi-criteria performance benchmarking tool.
Zhu [18] developed two DEA-based benchmarking
models where the identi4ed eEcient frontier (benchmark)
remains the same during the benchmarking process. One is
called variable-benchmark model where each DMU under
benchmarking is allowed to choose a portion of benchmark
frontier so that the benchmarking performance of the DMU
is characterized in the most favorable light. The other is
called 4xed-benchmark model where each DMU is benchmarked against 4xed components from the benchmark
frontier. The current study applies the two DEA-based
benchmarking models to a large Canadian bank (thereafter,
CBANK) in measuring the e#ectiveness service delivery
con4guration.
There are many DEA studies on banking performance.
For example, Sherman and Gold [4] published the 4rst signi4cant DEA bank analysis and started what turned out to
be a long list of DEA applications to banking from several
di#erent angles [5]. Sherman and Ladino [6] reported that a
use of DEA in the restructuring process of the 33 branches
of a US bank led to an annual savings of over $6 million.
Oral and Yolalan [7] introduced a DEA model that forced
each of 20 branches in a sample to compare itself with the
global leader—a Turkish bank.
According to the Canadian Bankers Association, the
Canadian banking industry includes 16 domestic banks, 31
foreign bank subsidiaries and 21 foreign bank branches
operating in Canada. In total, these institutions manage
over $1.7 trillion in assets. Technology innovation is the
most important factor contributing to the dramatic changes
taking place in Canada’s 4nancial services marketplace.
Canada’s bank 4nancial groups have led the way in providing Canadians with many new ways to access 4nancial
services. Canadians have embraced debit cards, ABMs,
telephone banking, the internet and hand-held wireless devices. Advances in technology continue to revolutionize the
industry, breaking down geographic barriers and permitting
customers to access 4nancial services from virtually anywhere, at any time. In recent years, Canada’s banks have
demonstrated a consistent performance, with pro4ts rising
signi4cantly from 1995 to 1997.
The rest of the paper is organized as follows. The next
section introduces some basic DEA models. We then introduce our DEA-based benchmarking models described in
Zhu [18]. The models are applied to benchmark a set of
e-branches against the best-practice of traditional branches.
Concluding remarks are given at last.

2. DEA models
We assume that there are n DMUs. In the current paper, the DMUs represent bank branches. Each DMUj (j =
1; 2; : : : ; n) consumes a vector of inputs, xj (=x1j ; x2j ; : : : ; xmj )
to produce a vector of outputs, yj (=y1j ; y2j ; : : : ; ysj ). The
relative eEciency of DMUj0 , among others, can be measured by the following DEA model:
min
s:t:

j0
n


j xij

6

j0

xij0 ;

i = 1; 2; : : : ; m;

j=1
n


j yrj

¿ yrj0 ;

r = 1; 2; : : : ; s;

j=1
j

¿ 0:

(1)

The dual program to model (1) is
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To re4ne the results obtained from model (1) or (2), value
judgment in forms of weight restrictions can be incorporated
into model (2).
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where Ar , Br , Ci , and Di are pre-speci4ed constants. Model
(3) is called assurance region in [8] and is closely related to
the cone ratio concept of Charnes et al. [10].
When the optimal value to model (1) or (2) is equal
to one, we say that a speci4c DMU under evaluation is
a best-practice DMU. Model (1) or (2) assumes that the
best-practice frontier exhibits constant returns to scale
(CRS). i.e., a best-practice DMU is both technically and
scale eEcient. If scale ineEciency is allowed in best-practice
DMUs, we can
 assume variable returns to scale (VRS) and
incorporate nj=1 j = 1 into model (1). (For a complete
discussion on standard DEA models, please refer to [11].)
Benchmarking is a process of de4ning valid measures
of performance comparison among peer units, using them
to determine the relative positions of the peer units, and
ultimately, establishing a standard of excellence. Through
the use of DEA, we can establish a “standard of excellence”
via best-practice identi4cation. Once we have the “standard

