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A COMPREHENSIVE MANAGERIAL FRAMEWORK

FOR OPERATING PERFORMANCE MEASUREMENT:

Application in Taiwan’s Military Welfare Department

ABSTRACT

A comprehensive framework of performance measurement is developed and illustrated
through application to in Taiwan’s Military Welfare Department. This dissertation aims to
explore the operating efficiency and the benchmark-learning roadmap of retail stores for the
General Welfare Service Ministry (GWSM) in Taiwan. Several empirical results are shown:
(1) the overall technical inefficiencies of GWSM retail stores are primarily due to the pure
technical inefficiencies rather than the scale inefficiencies. This also suggests that managers
should focus on removing the pure technical inefficiency of retail stores, before improving
their scale efficiencies; (2) the retail stores-located on.north on the average operate better than
those on the other three regions. ' The findings show:that the retail store’s region plays key
role which affects its operating performanee;-(3)-the service-satisfaction levels do have a very
significant influence upon retail store’s performance; (4) the attractiveness measure shows
that Hsinying retail store is the most attractive retail store, i.e. global leader, no matter which
evaluation context is chosen, and the progress measure shows that Taitung retail store is the
worst retail store; (5) the context-dependent DEA successfully draws the GWSM retail stores’
benchmark-learning roadmap to improve the inefficient retail stores progressively and can
identify the best retail store. The potential applications and strengths of DEA in assessing

the military retail stores are highlighted.

Keywords: Data envelopment analysis; context-dependent DEA; attractiveness measure;

progress measure; retail store; stratification DEA Method.
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Chapter 1. Introduction

1.1 History

In 1955 the President Chiang Kai-shek established Military Welfare Enterprise
Management Division in Combined Service Forces. In 1964 it was renamed Military
Welfare Department and was then officially under the supervision of Ministry of National
Defense (MND) of R.O.C. In 1975 it expanded its service to government employees and
staffs of public schools in addition to the welfare supplies in the military. In 1981, it
provided additional service to veterans and their dependents. In 1989, its service to
government employees and staffs of public schools was cancelled as ordered. Since then it

has been in charge of the supply of supplementary foods and products in the military.

Up to now, there are 31 supply, stations for daily necessities. General Welfare Service
Ministry (GWSM) retail stores provide many benéfits. For some Taiwanese military
personnel, they remain the only affordable"and-accessible source of familiar products. For
service members, MND's policy of selling goods at below-market prices makes its stores
important nonbenefit. The prices of commissary goods are about 10 to 20 percent below

commercial market levels.

1.2 Organization and Employees

According to the General Welfare Service Ministry (GWSM) annual report in 2003,
the Taiwan’s Military Welfare Department (TMWD) in MND has 788 employees and takes
charge of controlling over GWSM’s operation efficiencies. The TMWD divides into North,

West, South and East four management divisions. (As in Figure. 1)



In North region, it has 14 GWSMs such as: Keelung, Beibei,Beijhong, Beisi,
Beidong, Beinan, Sioulang, Banciao, Shuanghe, Neiyi, Taoyuan0l, Taoyuan02,
Guangfu,and Hsinchu.

In West region, it has 4 GWSMs such as Miaoli, Chiayi, Taichung, and Pinglin.

In South region, it has 9 GWSMs such as Hsinying, Tainan01, Tainan02, Gaosyong,
Zuoying, Kaohsiung, Fongshan, Dailiao, and Pingtung.

In East region, it has 4 GWSMs such as Taitung, Ilan, Hualian, and Meilun.

Military Welfare

Department
North Region West Region South Region East Region
GWSMs GWSMs GWSMs GWSMs
1.Keelung, HLz 15. Miaoli, F',@ o
19.Hsinying, 55 ] e
2.Beibei, I 16. Taichungs. fl’ PR 28.Taitung,  fifl
3.Beijhong, Il 17. Pinglin. SR 20.Tainan01, Fild 29. Meilun, X fff
4.Beisi, I 18 Chiayi,. i
:F Y 21.Tainan02, - fify 30.Hualian,. [&#
5.Beidong, 15k 92 G i
.Gaosyong, [ -
6.Beinan, 15 yong H 31.. llan A
7.Sioulang, 7 1 23.Zuoying, %%
8.Banciao, i 24.Kaohsiung,
9.Shuanghe, E5
9 = 25.Fongshan, gyl
10.Neiyi, [* |
11.Taoyuan01, #-fi 26.Dailiao, R
12.Taoyuan02, # 27.Pingtung. 54y
13.Hsinchu, prie
14. Guangfu *

Figure 1. The Organization of Military Welfare Department




1.3 Principles of Management

GWSM retail store is a nonprofit organization, so it creates the following rules for
supporting Soldiers (including cadets in military academies), reservists, veterans and their
dependents. GWSM made the following rules as their operating principles.

1. Customers first, Quality products first, Quality service first.
2. Meet the needs of the customers.

3. Enhance the service to improve the welfare of the performance.

1.4 Research Motivation

Facing the ‘Two Defense Acts’ of the MND (i.e. the reorganization of MND), a military
base closure program, a reduction inthe propartion of defense budget in the total central
government budget, and a decrease; in; national defense manpower, the GWSM urgently
requires a performance benchmarking analysis to enhance its operational management within
the GWSM retail stores and to- alloeate itS scare defense resources. To date, studies
undertaken by the GWSM are few to help 'managers or officers identify how a management
system can be changed to improve crucial factors underlying the efficiency of retail store
operations. However, since a retail store’s performance is a complex phenomenon requiring
more than a single criterion to characterize it, traditional performance measurement
techniques (Bush et al.,1990) have often also been criticized for being inadequate and not
taking into account of mix and nature of services provided (Good, 1984). For about reasons,
it motivates author try to find an effective evaluation method to solve those problems and

provide some realistic suggestions to GWSM manager.

1.5 Research Purpose

Due to the importance of GWSM efficiency measurement, the main interest of this study



is therefore to address the issues related to the performance benchmarking analysis and the
potential applications and strengths of DEA in assessing the GWSM. This study should
provide additional managerial insights into retail store in Taiwan. The purposes of this study

are as follows:

The first purpose of this study is to provide a benchmarking analysis based on DEA to
investigate GWSM in Taiwan and assist the managers in improving the operational
management of these retail stores. The second, we also design a decision-making matrix to
identify the position of the 31 retail stores, which help the manager and/or authorities to
improve their operating efficiencies; Furthermore, we implement the context-dependent DEA
to draw the GWSM retail stores’ benchmark-learning roadmap to improve the inefficient retail

stores progressively and can identify the:best retail store.

1.6 Framework of the Dissertation

This dissertation is organized in the following-manner as Figure 2 shows: Chapter 1
presents the motives and purposes of the study, and briefly introduces the structure of this
work. Prior studies which have influenced this study are discussed in Chapter 2. Chapter 3
proposes a research design that includes the criteria for performance evaluation, the data
selection and description, and the introduction of DEA methodology. The empirical results

and interpretations are provided in Chapter 4. Finally, Chapter 5 concludes this dissertation.
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Chapter 2. Literature Review

2.1 Literature Survey

According to the main purposes mentioned above, DEA has been used to measure the
retail store performance over the last decade. DEA has many desirable features (Charens et
al., 1994) which may explain why researchers are interested in using it to investigate the
efficiency of converting multiple inputs into multiple outputs. Furthermore, DEA is also a
theory-based, transparent, and reproducible computational procedure. In comparison to the
traditional approaches such as ratio analysis and regression analysis (Sherman, 1986), DEA

has gained several more advantages. These characteristics include (Lewin et al., 1982):

 capable of deriving a single aggregate measure of the relative efficiencies of units in
terms of their utilization of input factors to produce desired outputs;

* able to handle non-commensurate- multiple outputs and multiple input factors;

* able to adjust for factors outside the control of the unit being evaluated;

* not dependent on a set of a priori weights or prices for the inputs or the outputs;

* able to handle qualitative factors such as consumer satisfaction, quality of
employees, etc.;

 able to provide insights on the possibilities for increasing outputs and/or conserving
inputs for the inefficient unit to become efficient;

* able to maintain equity in performance assessment.

2.2 Data Selection and Description

One major advantage is that DEA has emerged as the leading method for efficiency



evaluation in terms of both the number of research papers published and the number of
applications to real world problems (Seiford, 1997; Gattoufi et al., 2004). Previous studies
that used DEA to investigate the relative efficiency of the retail industry are now described as

follows.

According to the former chapter mention about the requirements, we need to find an
effective method to satisfy the requirements. Because of the attributes of requirements, DEA
has been used extensively for benchmarking analysis ever since its introduction by Charnes et
al. (1978). DEA has many desirable features (Charnes et al., 1994) which may explain why
researchers are interested in using it to investigate the efficiency of converting multiple inputs
into multiple outputs. The previous studies that have used DEA as related to retail industry
field are now described as follows. . Thomas et al. (1998) implemented DEA to probe the
intra-comparative efficiency using 500 demestic retail outlets of a leading specialist retailer in
U.S. This study showed that DEA not only helped-make sense of the data in deriving an
overall efficiency index, but also identified the best practice stores within the organization by
focusing on the efficiency frontier. By using the DEA approach, Keh and Chu (2003)
adopted a three—stage transformation process to assess the operating efficiency of 13 grocery
stores in the U.S. for the years 1988 through 1997. The finding showed that there were

increasing returns to scale in grocery retailing.

Barros and Alves (2003) implemented DEA to explore operating efficiency for a
Portuguese retail store.  This study showed competitiveness should be based on
benchmarking the retail outlets which composed the chain. Barros and Alves (2004)
estimated total productivity change for a Portuguese retail store chain with the
DEA-Malmaquist productivity index for the period 1999-2000. This study reported that there
is room for improvement in the management of the stores. Barros (2005) utilized the

stochastic frontier model (SFA) to assess the technical efficiency of a Portuguese hypermarket

7



retail chain.

This study proposed a modification of management procedures in order to

enable efficiency to be increased, based on a governance-environment framework. Chen et

al. (2005) assessed 13 companies in the retail industry by using the super-efficiency DEA.

This analysis indicated that the EB companies performed better in some areas than their

non-EB counterpart.

using DEA.

Table 1. Literature survey of the DEA model on the retail industry

Table 1 presents the characteristics of these main previous studies

Paper Model Units Inputs Outputs
Thomas, Barr, Assurance 552 domestic retail (1) labor, (1) sales,
Cron, and Region-CCR outlets of the U.S., (2) experience, (2) profits.
Slocum Jr. 1994. (3) location related costs,
(1998) (4) internal processes.
Keh and Chu CCR and BCC 13 grocery stores of (1) labor, (1) sales revenue,
(2003) the U.S.,1988;.1997. - /(2) capital. (2) accessibility,
(3) assurance of product delivery,
(4).product information,
(5) ambience.
Barros and Alves  CCR and BCC 47 retail'outlets of (2) number.of full-time (1) sales,
(2003) the‘Portugal, 2000: employges, (2) operational results.
(2)-cost of fabors,
(3) number of cash-out points,
(4) stock,
(5) other costs.
Barros and Alves  Malmquist 47 retail outlets of (1) number of full-time (1) sales,

(2004)

Barros (2005)

Chen, Motiwalla,
and Khan (2005)

Productivity Index

Stochastic Frontier
Approach (SFA)

Super-efficiency

the Portugal,
1999-2000.

47 retail outlets of
the Portugal, 2000.

10 companies of the
retail industry of the
U.S., 1997-2000.

employees,
(2) cost of labors,
(3) number of cash-out points,
(4) stock,
(5) other costs.

(1) price of labour,

(2) price of capital,

(3) sales at constant price,

(4) earnings before taxes,

(5) population,

(6) number of competitors,

(7) the rate of part-time workers,

(8) average days of staff
absenteeism,

(9) the purchasing power in the
area.

(1) number of employees,
(2) inventory cost,

(3) total current assets,
(4) cost of sales.

(2) operational results.

(1) operational cost.

(1) revenue,
(2) net income.

To summarize the above studies, few research studies about the retail industry have been

conducted in emerging countries (such as Taiwan) while applications of DEA for the



evaluation of retail stores have been very limited in the military. The main interest of this
study is to address the issues related to the performance benchmarking analysis and to
illustrate the use of a context-dependent DEA for evaluating GWSM retail stores, which
should provide additional managerial insights into GWSM. The important contributions of
this study include: (1) to provide a milestone analysis based on DEA to investigate Taiwan
and assist the MND in improving the operational management of GWSM; (2) to design a
decision-making matrix to identify the position of the 31 retail stores, which help the manager
and/or authorities to improve their operating efficiencies; and (3) to implement the
context-dependent DEA to draw the GWSM retail stores’ benchmark-learning roadmap to

improve the inefficient retail stores progressively and can identify the best retail store.



Chapter 3. Research Design

3.1 Data Selection and Description

GWSM is in charge of the supply of supplementary foods and products in the military
and provides its service to the soldiers, veterans, and their dependents. From a system
perspective, organizational activities refer to the conversion of inputs in various resources to
output. Output is a concrete measurement that an organization has reached its objectives.
This study uses the production approach to design the performance model. The performance

model measures the performance of retail stores in using four inputs to produce four outputs.

The four input factors are namely, the, number of full-time employees (in persons),
operating expenses (in NT$), cost-of products (in NT$), and area of the retail store (in square
meters). The employee factor is composed of businessmen, administrators, guards, drivers,
and affair employees. These employees keep retail stores operating normally. The cost
regarding maintenance, marketing, and administration makes up a so-called operating expense
factor which is a necessary input for maintaining operations. The cost of products is used to
purchase product so as to provide supplementary foods and products to the soldiers, veterans,
and their dependents. The area of the retail store refers to the total floor space used by the
operational units of the retail store, measured in square feet. The service outputs are
measured in terms of quantitative outputs (number of customers and net profit) and qualitative
outputs (consumer-satisfaction index and facilities-satisfaction index) which are the result of a

brief questionnaire set to guests after shopping (as in figure 3).

This study investigates thirty-one GWSM retail stores in Taiwan based on the retail
stores’ operation data shown in the period 2003. Each of these retail stores is treated as a
decision making unit (DMU) in the DEA analysis. The 31 retail stores of various

10



geographical dispersion are selected since they are in charge of the supply of supplementary
foods and products. The performances of the retail stores are accessed based on the data
obtained for the year 2003. The data are extracted from the annual report of the GWSM
except for consumer-satisfaction index and the facilities-satisfaction index.  The
service-satisfaction index can divide into consumer-satisfaction index and the
facilities-satisfaction index two parts. We traveled to the 31 GWSM stores and asked for
one thousand one hundred and seventeen customers to fill in the Service-Satisfaction
Questionnaire (as in appendix A) in two months. We combined consumer-satisfaction index
and the facilities-satisfaction index and divided by two which can get the service-satisfaction
index. Table 2 presents descriptive statistics for our dataset. In table 2, we can find the
mean of net profit is negative that means the general GWSM stores have poor operation
performance. This is another reason why we need to do this research for improving the
GWSM stores efficiency. Because.of the reorganization in MND, the circumstance and Data
are dynamic for each year. We'only can.select the data from the recent published document;
otherwise it can not match the real situation. " Input/output data are reported as the total
number throughout the year and can be found in The Operating Report of General Welfare
Service Ministry in Taiwan published by the GWSM in November 2004, the most recent

published document.

11



Input Factors Output Factors

1.the number of employees : 1.Quantitative :
*businessmen,

eadministrators,
eguards, drivers,

« affair employees. , Production « net profit
2, operating expenses : >

emaintenance, Transfer o

smarketing, L—J 2.Qualitative :
sadministration econsumer-satisfaction index

3,cost of products: «facilities-satisfaction index
provide supplementary foods / product

« number of customers

4,area of the retail store:
total floor square feet

Figure 3.  Managerial Performance Model

Table 2. Descriptive statistics forithe 31 GWSM retail stores in Taiwan

Mean Minimum Maximum Std. Dev.  Valid N

Input factors

Employees (persons) 34 26 47 5 31

Operating expenses (NT$) 10,908,379 5,733,262 17,990,931 3,659,243 31

Cost of products (NT$) 159,846,440 35,446,619 299,696,847 84,295,358 31

Square feet of retail store 1,509 185 3,826 884 31
Output factors

Customers (persons) 337,676 67,839 696,274 176,170 31

Net profit (NT$) -2,702,147 -8,169,347 2,887,210 2,621,810 31

Customer-satisfaction index (%) 88.06 77 97 6.17 31

Facilities-satisfaction index (%) 83.58 73 93 6.12 31

Table 3 shows the correlation matrix of inputs x, and outputsy,. Notice that all the
correlation coefficients are positive. Therefore, these inputs and outputs hold ‘isotonicity’
relations, and thus these variables are justified to be included in the model. Cooper et al.

(2001) suggested that the number of retail stores should be at least triple to the number of

12



inputs and outputs considered. In this study the number of retail stores is 31, which is
larger than triple the number of inputs (4)/outputs(4), or 31>3(4+4) = 24. It can conform to
Golany & Roll experience rules the number of retail stores is larger than triple the number of
inputs plus outputs. Consequently, the developed DEA model should hold high construct

validity in this study.

Table 3. Correlation coefficients among inputs and outputs

Customer-Satisfaction Facilities-Satisfaction

Net profit Customers index index
Employees 0.1055 0.7813 0.0137 0.0170
p=0.572 p=0.000 p=0.942 p=0.928
Operating expenses 0.3394 0.1994 0.0856 0.0112
p=0.062 p=0.282 p=0.647 p=0.952
Cost of products 0.5978 .9659 0.3672 0.3623
p=0.000 p=0.000 p=0.042 p=0.045
Square feet of retail store 0.0155 0.7746 0.0378 0.0124
p=0.934 p=0.000 p=0.840 p=0.947

3.2 Methodology: Data Envelopment Analysis Model

3.2.1 Efficiency Measurement Concepts

DEA is known as a mathematical programming method for assessing the comparative
efficiencies of a decision making unit (DMU). DEA is a non-parametric method that allows
for an efficient measurement, without specifying either the production functional form or
weights on different inputs and outputs. This methodology defines a non-parametric best
practice frontier that can be used as a reference for efficiency measurement which can be
found in Cooper et al. (2000).

13



The input-oriented technical efficiency implies “by how much can input quantities be
proportionally reduced without changing the output quantities produced?” The efficiency
frontier presents that each DMU minimizes its inputs, keeping the output level constant.
DMUs on the frontier are efficient, while DMUs inside the frontier are inefficient. Consider
the case of a single input x and a single outputy . In Figure 4, the constant returns to scale
(CRS) frontier is a simple ray (ray 0C) through the origin that envelops the data. The
efficient DMU at point C lies on this frontier and its technical efficiency (TE) score equals

one. The other four DMU stores (B, E, D, F) operating inside the frontier are inefficient.
The TE score for the DMU operating at point E is defined by%/P_E. However, the CRS

assumption is only appropriate when all DMU stores are operating at an optimal scale.
Many realistic factors, such as imperfect competition, financial constraints, etc., may cause a
DMU not to operate at optimal scale, Thus;.there'is also a variable returns to scale (VRS)
DEA model. In Figure 4, the VRS frontier is the piecewise linear frontier ABCD. This
general form envelops the data“more closely.." The DMUs at B, C, and D lying on this

frontier are efficient with a score of one.: " The relative inefficient DMU E is given by a pure
technical efficiency (PTE) score (P_R/ﬁ). The TE is decomposed into PTE and scale

efficiency (SE). The SE can be estimated by dividing PTE into TE.

To investigate the current operating region to scale inefficient DMU stores, this may be
determined by running an additional DEA problem with non-increasing returns to scale (NIRS)
imposed.  This may be determined by running an additional DEA problem with
non-increasing returns to scale (NIRS) imposed. The NIRS DEA frontier is also plotted in
Figure 4. The nature of the scale inefficiencies (i.e. due to increasing or decreasing returns
to scale) for a particular DMU can be determined by seeing whether the NIRS TE score is

equal to the VRS TE score. If they are unequal (as will be the case for the point E in Figure

14



4), then increasing returns to scale (IRS) exist for the DMU. If they are equal (as is the case

for point F in Figure 4), then decreasing returns to scale (DRS) apply.

XA
CRS Frontier
NIRS lf_l'ontier
= VRS Frontier
“ D
G F
C
Pe v *E  Production
' Possibility Set
B
-
A Y

Figure 4. Graphical-lllustration.of Measuring Technical Efficiency
(Input-Oriented DEA Using a'Single Input to Produce a Single Output)

3.2.2 Multiplier Model of the CCR/BCC Model

DEA is a mathematical model that measures the relative efficiency of decision-making
units with multiple inputs and outputs but with no obvious production function to aggregate
the data in its entirety. Relative efficiency is defined as the ratio of total weighted output to

total weighted input. By comparing n units with s outputs denoted by vy, , r=1...,s,

and m inputs denoted by x,, i=,...,m, the efficiency measure ho for the target DMU,

io !

(o=1...,n)is
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Zur yro

h, = Max=2——,
m

zvi Xio

i=1

where the weights, u, and v,, are non-negative. A second set of constraints requires that

the same weights, when applied to all DMUSs, do not provide any unit with efficiency greater

than one.  This condition appears in the following set of constraints:

Zu Vi

<1,for j=1,...,n.

IZvI X;

The efficiency ratio ranges from,zero to.one, with the target DMU_ being considered
relatively efficient if it receives a-score of one... ‘Thus, each unit will choose weights so as to
maximize self-efficiency, given the constraints. The:result of the DEA is the determination
of the hyper planes that define an‘envelope surface or Pareto frontier. DMUSs that lie on the
surface determine the envelope and are deemed efficient, whilst those that do not are deemed
inefficient. The formulation described above can be translated into a linear program, which
can be solved relatively easily and a complete DEA solves n linear programs, one for each

DMU.

h, = Max iuryro

r=1
st

2 Vi%e =1, 1)
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Eqg. (1), often referred to as the CCR model (Charnes et al., 1978), assumes that the
production function exhibits constant returns to scale. The BCC model (Banker et al., 1984)

adds an additional constant variable, u,, in order to permit variable returns to scale:

ho = Max Zsluryro —U,

r=1
st.

m - :11
izz;lelo (2)

iuryrj —Zm:vixij -u, <0, j=1...n,
r=1 i=1

u, freeinsign,
v, 20; i=1...,m; r=1...s.

r’ o

u

It should be noted that the results of the .CCR input-minimized or output-maximized
formulations are the same, which s not-the case in the BCC model. Thus, in the
output-oriented BCC model, the formulation.maximizes the outputs given the inputs and vice

Versa.

17



3.2.3 The Dual Program of the CCR/BCC Model
If a DMU proves to be inefficient, a combination of other efficient units can produce
either greater output for the same composite of inputs; use fewer inputs to produce the same
composite of outputs or some combination of the two. A hypothetical decision making unit
can be composed as an aggregate of the efficient units, referred to as the efficient reference

set for inefficient DMU_ . The solution to the dual problem of the linear program directly

computes the multipliers required to compile efficient units. The pure technical efficiency

(PTE) of the target DMU, (o0=1,...,n) in the BCC model can be computed as a solution to

the following linear programming (LP) problem.

Min 6,
S.t.

D A <O%ori=1x..,m,
i

3
Z/liyrizyro’ r=11"-!sl ( )

n

—
=

Zn:/lj=1, J=1,...,n,

0,, 2;20; Viand r.

—
I
LN

In the case of an efficient DMU, all dual variables will equal zero except for 4, and
6,, which reflect the DMU,’s efficiency, both of which will equal one. If DMU, is
inefficient, &, will equal the ratio solution of the primal problem. The remaining variables,

A, if positive, represent the multiples by which DMU, ’s inputs and outputs should be

j 1
multiplied in order to compute the composite efficient DMU. If Z?zl/lj =1 is dropped

from Eq.(3), then the technology is said to exhibit constant returns to scale (CRS). The

technical efficiency (TE) of the target DMU, is defined as TE = 6, under the

input-oriented CRS model (Charnes et al., 1978).
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3.2.4 The Slack-Adjusted CCR/BCC Model
In the slack-adjusted DEA models, see for example model (3), a weakly efficient DMU
will now be evaluated as inefficient, due to the presence of input and output oriented slacks

s; and s/, respectively. The pure technical efficiency (PTE) of the target DMU,

(0o=1...,n) in the BCC model can be computed as a solution to the following linear

programming (LP) problem.

Min 00—5(i5(+is:j
i=1 r=1
s.t.

i=1..m,

o0"tio?

n
DA% +S =6,
=1

: 4
Zﬂjyrj_s:—:yro; r=1,...,S,
=t

n

> A =1,

j=1
6, 1., 8+, 206>V iand r.

jr Vi

The PTE of the target DMU, is defined as PTE=6,. By varying the index 'o'
over all DMUs, we arrive at the PTE in each DMU. If PTE=1 and all input and output

slacks, s™ and s", are equal to zero, then the DMU, is technically efficient. If PTE is
smaller than one, then DMU, is technically inefficient. ~The solution value of 4,
indicates whether DMU,; serves as a role model or peer for DMU,. If 2, =0, then
DMU; is not a peer. However, if 2, >0, say 4, =04, then DMU; is a peer DMU

with a 40 percent weight placed on deriving the target efficient output and input levels for

DMU,. Foran inefficient DMU,, we have the expression in Eq. (5).
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XA+, i=1...,m,
Z 1177)

Zy” f-stor=1.s,

and A; are optimal slacks and weights obtained from Eqg. (4). The

(5)

—k +*

where 6, 57,8,

DMU, (X, Y,,) can be improved and become efficient by deleting its excess input and

augmenting the shortfall output as follows:

(6)
yrozyro+5:* :Zy”—ﬂ;, r=1,...,5.
[

This operation is called BCC-projection.

If er‘:l;tj =1 is dropped from Eq.(4), then.the technology is said to exhibit constant

returns to scale (CRS). The technicallefficiency (TE).of the target DMU, is defined as
TE =6, under the input-oriented CRS model-(Charnes et al., 1978). The scale efficiency

(SE) for the target DMU  is then obtainedas:.

SE =TE/PTE. )

The SE represents the proportion of inputs that can be further reduced after pure
technical inefficiency is eliminated if scale adjustments are possible. It has a value of less

than or equal to one. If the target DMU_ has a value equal to one, then it is operating at
the constant returns to scale size. If SE is less than one, then the target DMU, is scale

inefficient and there is potential input savings through the adjustment of its operational scale.

Whether the scale inefficient DMU_ should be either downsizing or expanding depends on

its current operating scale.
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3.2.5 Returns to Scale

There are at least three different basic methods of testing a DMU's returns to scale (RTS)
nature which have appeared in the DEA literature. Banker (1984) shows that the CCR
model can be employed to test for DMUs' RTS using the concept of most productive scale
size (MPSS), i.e. the sum of the CCR optimal lambda values can determine the RTS
classification. This method is called the CCR RTS method. Banker et al. (1984) report

that a new free BCC dual variable (u,) estimates RTS by allowing variable returns to scale
(VRS) for the CCR model, i.e. the sign of u, determines the RTS. We call this method the

BCC RTS method. Finally, Fare et al. (1985) provide the scale efficiency index method for
the determination of RTS using DEA. These three RTS methods, in fact, are equivalent but

different presentations (Banker et al., 1996; Féreset al., 1994; Zhu et al., 1995).

The three basic RTS methods have been .widely-employed in real world situations
(Byrnes et al., 1984; Charnes et al.,~1989;-Zhu;-1996a). - However, it has been noted that the
CCR and BCC RTS methods may fail:when DEA models have alternate optima, i.e. the
original CCR and BCC RTS methods assume unique optimal solutions to the DEA
formulations. In contrast to the CCR and BCC RTS methods, the scale efficiency index
method does not require information on the primal and dual variables and, in particular, is
robust even when there exist multiple optima. Since it may be impossible or at least
unreasonable to generate all possible multiple optima in many real world applications, a
number of modifications or extensions of the original CCR and BCC methods have been

developed to deal with multiple optima.

Banker and Thrall (1992) generalize the BCC RTS method by exploring all alternate
optima in the BCC dual model, i.e. RTS in their extended technique is measured by intervals

for u,. Banker etal. (1995) further modified the technique to avoid the need for examining
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all alternate optima. Using the same technique, Banker et al. (1996) introduce a

modification to the CCR RTS method by determining the maximum and minimum values of

Z?J‘j in the CCR model in order to reach a decision. On the other hand, by the scale

efficiency index method, Zhu and Shen (1995) suggest a remedy for the CCR RTS method

under possible multiple optima.

According to the recent result of Zhu and Shen (1995), one can easily estimate the

returns to scale (RTS) by the CCR and BCC scores and Z'}:l/lj in any optimal solution to

the CCR model without exploring all possible multiple optimal solutions. That is, if CCR

score is equal to the BCC score, then CRS (constant return to scale) prevails; otherwise, if the

CCR and BCC scores are not equal, then zzzl/lj <1 indicates IRS (increasing returns to

scale) and Z';:l/lj >1 indicates DRS (decreasing returns to scale).

3.2.6 Context-Dependent DEA
1. Stratification DEA Method

The context-dependent DEA (Seiford and Zhu, 2003) is introduced as follows. Let

J'={DMU;, j=1...,n} (thesetofall n DMUs) and interactively define J"* =J'—E!'

where E' :{DMUk eJ"¢(I,k)}, and ¢(1,k) is the optimal value to the following LP

when DMU, is under evaluation.
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M(ilrl)gj(l ' k)

s.t.

DA% < (1K) X, (8)

jeF(3')
Z ﬂ“j yrj 2 yrk’
jeF(J')

#(1.k), 4,20, Viandr, jeF(J'),
Where je F(J') means DMU el ie, F() represents the correspondence from a

DMU set to the corresponding subscript index set. Whenl =1, Eq.(8) becomes the
original input-oriented CCR model, Eq.(1), and E' consists of all the frontier DMUs.

These DMUs in set E' define the first-level best-practice frontier. Whenl =2, Eq. (8)
gives the second-level best-practice frontier after the exclusion of the first-level

frontier DMUs. And so on. In this manner;we identify several levels of best-practice

frontiers. We call E' the Ith-level best practice frontier. The following algorithm

accomplishes the identification of these best-practice frontiers by Eq.(8).
e Step 1: Setl=1. Evaluate the entire set of DMUs,J", by Eq.(8) to obtain the
first-level frontier DMUs, set E' ( the first-level best-practice frontier).
e Step 2: Exclude the frontier DMUs from future DEA runs. J'" =J'-E'. (If
J"™ =@ then stop).
« Step 3: Evaluate the new subset of ‘inefficient’ DMUs, J'"*, by Eq.(8) to obtain a

new set of efficient DMUs E'' (the new best-practice frontier).

e Step4: Letl=1+1. Go to step2.

Stopping rule: J'' =&, the algorithm stops.
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2. Attractiveness Measure

Now, based upon these evaluation contexts E' (I=1,...,L—1), we can obtain the

relative attractiveness measure by the following LP:

Hy(d)= Min, H,(d), d=1..L-,

s.t

D A% <H (d)x,, i=1..m, 9)
JeF(E'O“)

z j’jyrj—yrq’ r:]" 'S,

jeF(Eb™)

H,(d), 2,20; Viandr, je F(E'O*d),
where DMU, =(xiq,yrq) is from a specific level E*, I, e{l...,.L-1}. In Eq.(4), each

best-practice frontier of E"*" represents an evaluation context for measuring the relative

attractiveness of DMUs in E". =The larger the value ofH; (d), the more attractive the
DMU, is. Because this DMU, “makes itself:-more distinctive from the evaluation context

E*. We are able to rank the DMUs in" E" based upon their attractiveness scores and

identify the best one.

3. Progress Measure

To obtain the progress measure for specific DMU, :(Xiq, y,q)e E°, 1,€{2,..,L}, we

use the following LP:
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st

; )ﬂ’jxijSGq(g)Xiq; i=l,...,m, (10)
jeF(E'"™

Z ﬂ’jyrjzyrqa r=1...,s,

G,(9), 4,20; Viandr, je F(E'°‘9).

Each efficient frontier, E“~°, contains a possible target for a specific DMU in E" to

improve its performance. The progress measure here is a level-by level improvement. For

a larger l/Gq(g) more progress is expected for DMU,. Thus, a smaller value of

1/G;(g) is preferred.
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Chapter 4. Empirical Results and Analysis

4.1. Performance of the GWSM Retail Stores

An input-orientated DEA model is chosen to calculate the overall technical efficiency
scores for 31 retail stores because the objective of the GWSM is to provide fine effective
service with least input resources to soldiers , reservists, veterans, and their dependents.
The technical efficiency (TE, Mean=0.820) is decomposed into pure technical efficiency
(PTE, Mean=0.864) and scale efficiency (SE, Mean=0.950), and the nature of returns to
scale (RTS) is reproduced in Table 4. The result reveals that the overall technical
inefficiencies of the GWSM retail stores are primarily due to the pure technical inefficiencies
rather than the scale inefficiencies, because.mean of SE equal 0.95 close to 1. It is mean
that SE has a little tolerance to improye non the less:mean of PTE only equal 0.864 has a lot
tolerance to improve. This also suggests that managers should focus firstly on removing
the technical inefficiency of retail stores; and-then retail stores can be subject to improving

their scale efficiencies.

As regards to the pure technical efficiency (PTE), it is found that, on average, retail
stores can produce the same level of measured output with 13.60% less inputs, holding the
current input ratios constant. Using a t-test, we reject the null hypothesis that the sample
mean is one at the 5% level of significance. Approximately 45.16% of retail stores need to
reduce their inputs if they are to become efficient. The rest of the retail stores are regarded
as efficient. This indicates that overall retail stores still have room for improving their pure

technical efficiencies.

We further investigate the relationship between efficient score and region of retail stores.

There are four regions for the GWSM retail stores: North, West, South, and East. To
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determine whether differences exist in region characteristic, a non-parametric statistical
analysis (Kruskal-Wallis test) is used (Brockett et al., 1996) for unknown distribution scores.
A non-parametric statistical analysis is presented in Table 5. Table 5 reveals that those retail
stores located on north region perform better on average than the other three regions in pure
technical efficiency. The findings show that retail stores located on north region are more
competitive and they should provide examples of operating practice. Using a
Kruskal-Wallis test shows no significant difference in pure technical efficiency at the 5

percent level for the four regions.

The scale efficiency is defined by the ratio of a TE score to a PTE score. If the ratio is
equal to one, then a retail store is scale efficient; otherwise, if the ratio is less than one, then a
retail store is scale inefficient. Thisqt-test indicates that the scale efficiency ratios are
significantly less than one, which means that Serious scale inefficiencies occur in these 31
retail stores. This is evidence showing that a scale problem really does exist in the GWSM
retail stores, which can be treated asS support for future mergers and acquisitions between

retail stores.

This study further investigates the status of returns to scale for retail stores. From
Table 4 we observe that the average scale efficiency of 0.950 suggests further potential input
savings of 5% if it is possible for a retail store to operate at the constant returns to scale
technology. Approximately 41.5% of the retail stores are constant returns to scale (CRS).
There are nearly 32.3% of the retail stores that operate at decreasing returns to scale (DRS).
The DRS retail stores represent stores need to be reduced in size and become efficient stores.
On the other hand, about one-third of the retail stores operate at increasing returns to scale
(IRS). The IRS stores in the latter group could be consolidated with other small units to
achieve the optimal size. However, an across-the-board policy for downsizing these retail

stores is not recommended because those retail stores are on different resource basis and
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location. It is more appropriate to consider the retail stores on a case-by-case basis before

any restructuring policy is implemented.

Table 4. Efficiency scores of the 31GWSM retail stores

Service-satisfaction

DMU No. DMU TE PTE SE z/t RTS Location Index”
1 Keelung 1.000 1.000 1.000 1.000 CRS North 0.900
2 Beibei 1.000 1.000 1.000 1.000 CRS North 0.905
3 Beijhong 0.725 0747 0970 1172 DRS North 0.895
4 Beisi 0.967 1.000 0.967 1.964 DRS North 0.910
5 Beidong 0.877 1.000 0.877 1.395 DRS North 0.920
6 Beinan 0925 0.936 0.988 1.123 DRS North 0.905
7 Sioulang 1.000 1.000 1.000 1.000 CRS North 0.915
8 Banciao 1.000 1.000 1.000 1.000 CRS North 0.910
9 Shuanghe 0.882 0.906 0973 1.107 DRS North 0.810
10 Neiyi 0.820 0.864 0.950 0.920 IRS North 0.845
11 Taoyuan01 0.731 0734 099  1.036 DRS North 0.765
12 Taoyuan02 0.794 0.799 0994  0.988 IRS North 0.820
13 Hsinchu 1.000 1:000  1.000: #.1.000 CRS North 0.905
14 Guangfu 0.980 »1.000-,.'0.980 0.908 IRS North 0.820
15 Miaoli 0.846.  0.893 1 0.947  -0.862 IRS West 0.780
16 Taichung 1.000. 1.000 .1.000 1.000 CRS West 0.835
17 Pinglin 0.771% " 0.786.+-0:981- 1102 DRS West 0.800
18 Chiayi 0.682 ¢0.807 0.845 11828 DRS West 0.790
19 Hsinying 1.000 1.000 1:000:" 1.000 CRS South 0.935
20 Tainan01 0684 0.735 0.930 1.364 DRS South 0.805
21 Tainan02 0.745 0811 0919 0.884 IRS South 0.815
22 Gaosyong 0.596 0.616 0.968 0.865 IRS South 0.790
23 Zuoying 1.000 1.000 1.000 1.000 CRS South 0.930
24 Kaohsiung 1.000 1.000 1.000 1.000 CRS South 0.910
25 Fongshan 1.000 1.000 1.000 1.000 CRS South 0.920
26 Dailiao 1.000 1.000 1.000 1.000 CRS South 0.785
27 Pingtung 1.000 1.000 1.000 1.000 CRS South 0.925
28 Taitung 0572 0.640 0.892 0.836 IRS East 0.750
29 Meilun 1.000 1.000 1.000 1.000 CRS East 0.925
30 Hualian 0.982 1.000 0.982 1.127 DRS East 0.900
31 Ilan 0.614 0.720 0.854 0.854 IRS East 0.785

Mean 0.820 0.864 0.950 0.920 0.845

“ Service-satisfaction index = (Customer-satisfaction index + Facilities-satisfaction index)/2

*TE = PTE * SE

28



Table 5. Non-parametric statistical analysis of location for the 31 GWSM retail stores

Location Number of retail stores Mean Kruskal-Wiallis test

(p-value)
North 14 0.928
West 4 0.872
0.6483
South 9 0.907
East 4 0.840

4.2. Analysis of managerial decision-making matrix

By combining the results of pure technical efficiency and service-satisfaction index, we
design a decision-making matrix to identify, the position of the 31 retail stores, which help the
managers and/or authorities to .improvetheir. operating efficiencies. A pure technical
efficiency/ satisfaction index matrix of retail store is presented in Fig. 5.  All retail stores fall
into four zones: 1, 11, 111, and 1V."~ Each retail-store is classified into a zone by examining (1)
whether the pure technical efficiency is ‘equal ‘to or less than 1, (2) whether the satisfaction
index is greater than or smaller than 0.9. This matrix can act as a managerial
decision-making matrix for further improving efforts that is contributive to managers. Retail

stores located in the four zones are described below.

Zone |: Those retail stores enjoy high level in both pure technical efficiency and
satisfaction index dimensions. Fourteen retail stores are included here: Keelung, Beisi,
Sioulang, Hsinchu, Zuoying, Beibei, Beidong, Banciao, Hsinying, Kaohsiung, Meilun,
Fongshan, Pingtung, and Hualian retail stores. These retail stores appear to be good role
model, which can be treated as benchmarks to others. The findings also show that the retail
stores located on Zone | have better competitive advantage than the other ones.

Zone 1lI:  The retail store experiences a higher satisfaction-index, but a lower pure
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technical efficiency. Beinan retail store is included. It is suggested that Beinan should
place more emphasis on activities of improving operating efficiency.

Zone Ill:  Those retail stores which perform inferior both in satisfaction-index and
pure technical efficiency. Thirteen retail stores, Gaosyong, Neiyi, Taitung, Ilan, Shuanghe,
Taoyuan02, Chiayi, Tainan02, Taoyuan01, Miaoli, Pinglin, Beijhong, and TainanO1 retail
stores, are classified here. This suggests that managers should focus firstly on improving
the service quality of retail stores, and then retail stores can be subject to improving
operating efficiency.

Zone IV: Those retail stores which have high pure technical efficiency, but low
satisfaction-index. Three retail stores are included here: Guangfu, Taichung, and Dailiao
retail stores. It is suggested that these retail stores should place more emphasis on activities
of improving the service quality of retail stores.

Looking at all the retail -Stores the correlation coefficient between pure technical
efficiency and satisfaction index-is 0.737-which:is sighificant at the 5% level. Thus there is
significant association between pure -technical ‘efficiency and service-satisfaction index,
indicating a strong tendency for relatively high satisfaction index to go with good pure
technical efficiency. This indicates that the customer/facilities satisfaction levels do have a
very significant influence upon retail store’s performance. Therefore, managers should

expect to spend most of their efforts in this area for inefficient retail stores.
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Figure 5. Service-satisfaction index/pure technical efficiency cross-tabulation

4.3. Constructing a Benchmark-Learning Roadmap

After identifying the efficient DMU , the role it plays in being benchmarked by other
inefficient DMUs is also important. Previously, various efforts have been devoted to
develop methods without priority information to identify the benchmark in DEA. One way
to accomplish such a task is to count the number of times a particular efficient DMU acts as a
reference DMU (Smith and Mayston, 1987). Andersen and Petersen (1993) presented the
procedure referred to as the super-efficiency CCR model for ranking efficient units. Their
basic idea is to compare the DMU under evaluation with all other DMUs in the sample,

i.e., the DMU itself is excluded. Seiford and Zhu (1999) offered a super-efficiency BCC

31



model in which increasing, constant, and decreasing returns to scale are allowed. The model
is based on a reference technology constructed from all other DMUs. Li and Reeves (1999)
proposed a multiple criteria approach that is called Multiple Criteria DEA, which focuses on
solving two key problems: a lack of discrimination and inappropriate weighting schemes.
To identify the inputs/outputs that are most important or to distinguish those efficient DMUs
which can be treated as benchmarks, the reference-share measure (Zhu 2000) is defined as a
ranking measure by combining the factor-specific measure and BCC model. Tone (2002)
wrote a super-efficiency model using the slacks-based measure of efficiency. The detail
description for above methodologies can check in appendix A. To summarize the above
previous studies, the benchmarks derived from the proposed methods above can possibly
become unimitable or unattainable goals for the inefficient DMUs immediately. A series
of step-by-step benchmarks (or called ‘a benchmark-learning roadmap’) for an inefficient
retail store to learn and gradually improve its operating efficiency seems to be more realistic
and reasonable.

In this section the context-dependent DEA, by incorporating stratification DEA,
attractiveness measure, and progress measure, can draw the GWSM retail stores’
benchmark-learning roadmap to improve the inefficient retail stores progressively and can
identify the best retail store. By using stratification DEA model, Eq. (3), we can get the
first-level best-practice frontier when 1=1. When 1=2, Eqg. (3) gives the second-level
best-practice frontier. Then, the third-level frontier when 1=3, and so on. Before continued
to explain, it needs to make a definition for attractive and progress. Progress meaning the
second level or third level needs to catch up the first or second level learning curve distance,
in another word, it real means is falling behind degree from level two or three to level one.
Attractive meaning the first level which takes the lead level two or level three degree, that is
to say, level two or level three needs do their efforts to come up with level one or level three
needs to improve it’s performance to catch up with level two’s performance. (as in Figure 6)
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In this research, the three levels of efficient frontiers are reported in Table 6.
According to Morita, Hirokawa, and Zhu (2005), the benchmark targets of the inefficient
retail stores on level 3 should take retail stores on level 2 as initial targets to improve
efficiency in the first stage. In the second stage, after retail stores on level 3 achieve the
second-level efficient frontier, these on level 3 can use the first-level efficient frontier as
secondary benchmarks for improvement and so on to proceed stage by stage. We call this
composition of learning tracks for retail stores in different levels as a ‘benchmark-learning
roadmap.” Note that as pointed out in Chen, Morita, and Zhu (2005), the levels obtained
using Eq. (3) do not necessarily follow the order of the TE scores. For instance, five retail
stores (Beijhong, Miaoli, Pinglin, Tainan01, and Taoyuan01) on the third-level have a larger

TE score than does Chiayi on the second-level.

XalY
Level 3
Level 2
Level 1
el Level 2 —
Level 3
1916 ¢ Attractive @~ T T T =<
7 Progress —
18
1.467
0

XY

Figure 6. Context-DEA Figure: Attractive and Progress Measurement Values

33



Table 6. Levels of efficient frontiers

First-Level Second-Level Third-Level
DMU No. DMU Name TE DMU No. DMU Name TE DMU No. DMU Name TE

2 Keelung 1 1 Neiyi 0.820 4 Beijhong 0.725
3 Beibei 1 5 Beisi 0.967 15 Miaoli 0.846
8 Sioulang 1 6 Beidong 0.877 17 Pinglin 0.771
9 Banciao 1 7 Beinan 0.925 20 Tainan01 0.684
13 Hsinchu 1 10 Shuanghe 0.882 22 Gaosyong 0.596
16 Taichung 1 12 Taoyuan02 0.794 30 Taitung 0.572
19 Hsinying 1 14 Guangfu 0.980 31 llan 0.614
23 Zuoying 1 18 Chiayi 0.682 11 Taoyuan01 0.731
24 Kaohsiung 1 21 Tainan02 0.745

25 Fongshan 1 28 Hualian 0.982

26 Dailiao 1

27 Pingtung 1

29 Meilun 1

We now turn to the attractiveness measure and the progress measure (Eqgs. 4 and 5) of the

31 retail stores when different efficient frontiers are chosen as evaluation contexts.

Table 7 gives the results. The number of the right of each score indicates the ranking
position by the attractiveness measure and progress measure ((1) represent the top-rank
position). As regards to the attractiveness measure, when the second-level is chosen as the
evaluation context, Hsinying in first-level is the best retail store because it has the largest
attractiveness score of 5.196. The retail stores in first-level can be ranked by using
attractiveness measure in the order of Hsinying Meilun, Dailiao, Hsinchu, Keelung, Taichung,
Pingtung, Kaohsiung, Beibei, Zuoying, Fongshan, Sioulang, and Banciao retail stores.
Results also show that 11 out of the 13 retail stores on the first level are located on the north
and south regions, indicating that retail stores located on north and south regions are more
competitive. When the third-level is chosen as the evaluation context, Hsinying is still the

best retail store, as followed by Meilun retail store. The findings show that Hsinying retail
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store is the most attractive retail store, i.e. global leader, no matter which evaluation context is
chosen.

As regards to the progress measurement, when the first-level is chosen as the evaluation
context, Taitung retail store is the worst retail store in the third-level because it has the largest
progress score of 1.750. The retail stores in third-level can be ranked by using progress
measure. When the second-level is chosen as the evaluation context, Taitung is still the
worst retail store in the third-level. The findings show that Taitung retail store is the worst
retail store, no matter which evaluation context is chosen. Note that the ranking position is
change for Dailiao, Hsinchu, Keelung, Taichung, Pingtung, Kaohsiung, Beibei, Zuoying,
Fongshan, Sioulang, and Banciao retail stores in first-level when evaluation context is
changed. This demonstrates that the performance of retail stores can be dependent on the

evaluation background (Zhu, 2003).

Table 7. Attractive and progress scores for the'retail stores in-different evaluation context

Evaluation Context Evaluation Context Evaluation Context
First-Level Second-Level Third-Level
Second-Level  Third-Level First-Level Third-Level First-Level Second-Level
DMU DMU DMU
1st-Degree®  2nd-Degree® 1st-Degree®  1st-Degree® 1st-Degree® 2nd-Degree®
Keelung 1.626 (5) 2.244 (9) Neiyi 1.219(7) 1.834(6) Beijhong 1.379 (4) 1.169 (3)
Beibei 1437 (9) 2.122(11) Beisi 1.034 (3) 2.024 (2) Miaoli 1.182 (1) 1.092 (1)

Sioulang  1.306 (12) 2.143(10) Beidong  1.140(6) 1.911(5) Pinglin  1.297 (2) 1.163(2)
Banciao  1.147 (13) 2.712(6)  Beinan 1.081 (4) 1.411(10) Tainan01 1.463(5) 1.203 (5)
Hsinchu 1917 (4) 2.632(7) Shuanghe 1.134(5) 2.521(1) Gaosyong 1.678 (7) 1.227 (6)
Taichung 1593 (6) 3.633(3) Taoyuan02 1.260(8) 1.565(8) Taitung 1.750(8) 1.325(8)
Hsinying 5196 (1) 7.412(1) Guangfu  1.020(2) 1.932(3) llan 1.628 (6) 1.187 (4)
Zuoying  1.399 (10) 1.840 (12) Chiayi 1.467 (10) 1.916 (4) Taoyuan0l 1.367 (3) 1.278(7)
Kaohsiung 1.470(8) 3.355(4) Tainan02  1.341(9) 1.640 (7)

Fongshan  1.343(11) 1.633(13) Hualian  1.019(1) 1.545(9)

Dailiao 2.234(3) 2.739 (5)

Pingtung 1.585(7) 2.279 (8)

Meilun 3.202(2) 4.525(2)

Note:
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. *This represents attractive.
. PThis represents progress.

. First level is the best performance then the second level, the third level represents the worst performance.

A W N

. Ranks are given in parenthesis.

According to Seiford and Zhu (2003), for retail stores that are not located on the first or
last level of efficient frontier, we can characterize their performance by their attractiveness
and progress scores. Each retail store in the second-level is classified into a zone by
examining (1) whether the attractiveness score is greater than or less than 1.80, (2) whether
the progresses score is greater than or smaller than 1.25. In Figure 7 the attractiveness and
progress scores give a two-by-two matrix to.classify the retail stores in the second-level. A
good performer shows high attractivenesssand-low progress and, a wrong performer shows
low attractiveness and high progress. A high progress indicates that the retail store needs to
improve its outputs substantially, and a high'attractive indicates that the retail store have better
competitive advantage than the other ones. ‘Retail stores have been split subjectively into
four groups plotted respectively in the zones of LH, HH, HL, and LL. The retail stores in
each group are summarized as follows.

Zone LH: Those retail stores enjoy low progress and high attractiveness scores. Five
retail stores are included here: Neiyi, Beisi, Beidong, Shuanghe, and Guangfu retail stores.
The findings show that the retail stores located on Zone LH have better competitive advantage
than the other ones in the second-level.

Zone HH: The retail store experiences a higher progress and attractiveness scores.
Chiayi retail store is included. It is suggested that Chiayi retail store should place more
emphasis on activities of improving its outputs substantially.

Zone HL: The retail store experiences a higher progress and lower attractiveness scores.
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Taoyuan02 and Tainan02 retail stores are included. It is suggested that Taoyuan02 and
Tainan02 retail stores should put forth efforts on learning more capabilities for effective
outcomes such as enhancing the activities of operational management and relocating the
resources between inputs and outputs. Further, these retail stores must draw up a short-term
or middle-term plan to enhance its’ competitive advantage.

Zone LL: Those retail stores which have a lower progress and lower attractiveness
scores. Two retail stores are included here: Beinan and Hualian retail stores. It is
suggested that these retail stores must make up a short-term or middle-term plan to enhance

its” competitive advantage for moving up into the Zone LH.
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Figure 7. Attractiveness/progress score for the retail stores in the second-level
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4.4 Discussion

According to the efficiency scores (as in table 4), service-satisfaction index/pure
technical efficiency cross-tabulation (as in figure 6), and attractive and progress scores for
the retail stores in different evaluation context (as in table 7), we can draw a reorganization
alternative map of 31 GWSM stores and the map shows us the whole picture of each GWSM
store’s RTS and location.(as in figure 8) The Taiwan’s map will divide into North, West,

South and East four parts and discuss the analysis results.

In North area, there have 14 GWSM stores because this area lives around one fourth
populations in Taiwan announced by Ministry of the Interior 2004 annual report. Only in
Taipei City has 5 GWSM stores but 4 of them belong to DRS, the reasons are Taipei is Capital
in Taiwan and its economical and.business activities are popular so the famous companies
want to set up the big sale markets or outlets in-Taipei-city. In the meanwhile, GWSM stores
will encounter the competition from the‘above-big outlets so we suggest Beibei (CRS) needs
to keep operating because of excellent. performance and Beijhong (DRS), Beisi (DRS),
Beidong(DRS), Beinan (DRS) four stores, Beisi and Beinan should reduce their size and
improve their service to become CRS and deactivate Beijhong and Beidong owing to their
poor TE in Taipei city. In Taipei County, Shuanghe (DRS) store is inefficient, we suggest it
should merge in Banciao (CRS) let it becomes more competitive. In Taoyuan County, we
suggest Taoyuan0l1 (DRS) store should shut down and re-allocated the resources to
Taoyuan02 (IRS) because of the inefficiency and many deactivated military units. It can let
Taoyuan02 increasing its size and become CRS. In Hsinchu, Hsinchu (CRS) store has good
performance so it needs keep providing service to customers but Guangfu (IRS) store we

suggest MND to keep this store and improve its size to ideal scale.

In West area, Miaoli store (IRS) in Miaoli County has a poor performance and not reach
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constant scale but we suggest that should enlarge its scale and become constant return to scale
because Miaoli only has one GWSM and GWSM belongs to nonprofit organization. Pinglin
(DRS) store in Taichung city should deactivate because of its inefficiency and many troops
are dissolved in Taichung. In Chiayi County, Chiayi (DRS) store should uphold and try to
improve the poor performance because Chiayi, Yulin, Changhua and Nantou Counties only
has this GWSM store and at the same time Chiayi has a lot of military bases including an air
force base. Just like we mention in chapter 1 “GWSM retail store is a nonprofit organization

and their main purpose is supporting soldiers, reservists, veterans and their dependents”.

In South area, Tainan County, Tainan01 (DRS) store should merge into Tainan02 (IRS)
store and Tainan02 store can improve scale, performance and save the manpower cost. In
Kaohsiuang and Pingtung, there are the:key:pesition of military units and schools in Taiwan
so six of them can reach CRS only Gaosyong (IRS).store belongs to IRS and has the worst
operation performance (Te=0.565) in South area. = In.Gaosyong, there has R.O.C. Air Force
Academy, Air Force Institute of Technology, and.Gaosyong Air Force Base etc. It should
have enough loyal customers, but it has "poor performance should have the problems of
operation skills, so we need focus on the management skill. The remnants of the five
GWSM stores, we suggest keep improving their Service-satisfaction to become the

benchmark GWSM stores in Taiwan.

In East area, Taitung (DRS) store has the worst performance in 31 GWSM stores, but
Taitung County has an AFB and a lot of military units, and it only has one GWSM so we
suggest keeping this store and improving its service quality and operation performance. In
Hualian, we suggest Hualian (DRS) store can merge into Meilun (CRS) store because of its
inefficiency and Hualian population is less. In Ilan, we suggest keep llan (IRS) store
because Ilan only has one GWSM store we need consider the purpose for supporting the

military customers.
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Keelung City

Hsinchu City

Tainan County

Kaohsiung City

Figure 8. Map of GWSM”s RTS and Location.
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Chapter 5. Concluding Remarks

5.1 Conclusions

Although the retail industry efficiency has been widely discussed in previous literature
and DEA technique is frequently used, there are still some important points not touched.
Few research studies about the retail industry have been conducted in emerging countries
(such as Taiwan) while applications of DEA for the evaluation of military retail stores have
been very limited. This study provides a milestone analysis based on DEA to investigate
Taiwan and assist the MND in improving the GWSM stores operational management with
insights in resource allocation. Additionally, the application of context-dependent DEA thus
far is rarely discussed in the literature of retail industry. This paper therefore aims to explore
the operating efficiency of military retail storesiand the application of context-dependent DEA

from a more complete viewpoint.

The findings are now briefly: enumerated ‘as follows. Firstly, the overall technical
inefficiencies of GWSM retail stores are primarily due to the pure technical inefficiencies
rather than the scale inefficiencies. This also suggests that managers should focus on
removing the pure technical inefficiency of retail stores, before improving their scale
efficiencies. Secondly, the retail stores located on north on the average operate better than
those in the other three regions. The findings show that the retail store’s region plays key
role which affect its operating performance. Thirdly, the customer/facilities satisfaction
levels do have a very significant influence upon retail store’ performance. Therefore,
managers should expect to spend most of their efforts in this area for inefficient retail stores.
Fourthly, the attractiveness measure shows that Hsinying retail store is the most attractive
retail store, i.e. global leader, no matter which evaluation context is chosen, and the progress

measure shows that Taitung retail store is the worst retail store.  Fifthly, the
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context-dependent DEA successfully draws the GWSM retail stores’ benchmark-learning
roadmap to improve the inefficient retail stores progressively and can identify the best retail
store. Last, the assessment herein can assist the Ministry of National Defense to improve the
operational management of GWSM and contribute to the GWSM retail stores in delivering

better and efficient services to the soldiers, veterans, and their dependents.

5.2 Suggestions

In real situation for improving GWSM performance, we suggest that MND needs focus

on the future priorities as follows:

1. Sales Promotion:

Even though GWSM serviges (for: specific. customers, it still needs for attracting the
people’s sighting and purchasing desire. Because of the competition by civilian’s big
sales market such as Kmart; Carrefour, RT-Mart, MATSUSEI etc., customers want to
compare the price, quality of products with the big market store. If GWSM does not
use the fancy way to attract and maintain the customers, they will be closed very soon

because no people want to walk in GWSM.

2. Enhance Quality Control Process:

Because the living standard of military already promoted in recent years, the customers
do not care the little price difference but they do more care about the quality of
merchandise. So GWSM needs effectively control over the suppliers’ merchandise, it
can fit normal standards fresh, good looking and high quality, that we can hold the
customers for a long time. If customers met one time for buying an unqualified

products, they will never walk in your store again.
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3. Integrated sale market conditions:

Integrating GWSM’s marketing information and avoiding duplicated investments,
different area has different operating strategies. For example, GWSM in Taipei, the
merchandises need sale delicate products, otherwise, it will lose the competition powers,
but in low income areas, it should sale par goods, if not, GWSM will threaten the
customers. Therefore, MND should integrate each GWSM conditions and share the

information to improve operation efficiency.

4. Merge and deactivate the inefficient GWSM:

MND should refer to the GWSM efficiencies by above research, then; can decide which
retail store should merge and deagctivate because of the poor efficiency, bad location, and
low competition. MND can relocated the.resources and maintain the efficient stores,
therefore, GWSM can survive in the future and support for military soldiers (including

cadets in military academies);-reservists, veterans and their dependents.

A further investigation would be the examination of performance over time (panel data)
by using the Malmquist productivity change index techniques. Such an approach would
allow a dynamic view of the multidimensional performance of retail stores. It is also hoped
that the models and methods implemented in this study can bring about other related

researches to a variety of industries.
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Appendix A: Service-Satisfaction Questionnaire
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APPENDX B: Ranking Extensions to DEA Model

1. Super Efficiency (Andersen and Petersen, 1993)

Andersen and Petersen (1993) developed a new procedure for ranking efficient units.
The methodology enables an extreme efficient unit k to achieve an efficiency score greater

than one by removing the kth constraint in the multiplier model, as shown in model (a.1).

hk = Max iuryrk

r=1
st.

Zm:Vi X =1, (al1)

DUy -V <0, j=1..,n, j=k
r=1 i=1
u,V=0_i=1...;m r=1..5s.
The dual formulation of the super-efficient model, as seen in model (a.2), computes the

distance between the Pareto frontier, evaluated without unit k, and the unit itself i.e. for

J={j=1...n j=k}.

Z A% < 6%, i=1..m, (a2)

, 4,20, Viand r;j=1...,n

=

However, there are two problematic areas with this methodology. First, the super-efficient
methodology can give “specialized” DMUs an excessively high ranking (Sueyoshi, 1999).
The second problem lies with an infeasibility issue, which if it occurs, means that the
super-efficient technique cannot provide a complete ranking of all DMUs (Seiford and Zhu,
1999).
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2. Cross-Evaluation (Doyle and Green, 1994)

The cross-evaluation matrix was first development by Sexton et al. (1986), inaugurating
the subject of ranking in DEA. Indeed, as Doyle and Green (1994) argued, decision-makers
do not always have a reasonable mechanism from which to choose assurance regions, thus
they recommend the cross-evaluation matrix for ranking units. The basic idea is to use DEA
in a peer-appraisal instead of a self-appraisal, which is calculated by the CRS (constant
returns to scale) model. A peer-appraisal means that the efficiency score of a DMU is

achieved when evaluated with the optimal weights (input and output weights obtained by the

output-oriented CRS model) of other DMUs. Thus, for each DMU there are (n-1)

cross-efficiency scores where n represents the total number of DMUs. Averaging the
cross-efficiency scores of DMU, by using the weighting scheme of other DMUs, we can
compute the mean cross-efficiengy score of DMU, by the following formulation:

CEM /™" = Zn:(iu”. Y ivijxik j/(n—l), jzk. (a3)

j=1 \Ur=1 i=1

Here, CEM™" becomes an index for effectively differentiating between good and poor

performers.  Thus, the performer of the DMUs can be ranked based on mean
cross-efficiency scores. Table Al summaries a generalized CEM. The zth row and the

kth column represent the efficiency measure of DMU k by the optimal weights for DMU

z (Ezk)'

As indicated by Baker and Talluri (1997), a limitation of the CEM evaluated from the
classic DEA model is that input/output weights (optimal weights) obtained from this

formulation may not be unique. This condition occurs if multiple optimum solutions exist,
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because one scheme can be favorable to one DMU and not favorable to another, or vice versa.
Doyle and Green (1994) propose aggressive and benevolent formulations to solve this
ambiguity. Doyle and Green not only maximize the efficiency of the target DMU , but also

take a second goal into account. This second goal, in the case of aggressive formulation,

minimizes the efficiency of the composite DMU constructed from (n—l) DMUs. The

outputs and inputs of a composite DMU are obtained by summing the corresponding outputs
and inputs of all the other DMUs except the target DMU . The weights obtained from
this formulation make the efficiency of the target DMU the best that it can be, and all other
DMUs are the worst. Thus, the CEM in Eq. (a4), which is evaluated from these weights, is

more meaningful.

The aggressive formulation iss‘generally used when relative dominance among the

DMUs is to be identified. The-formulation’is shown below:

r=1 j=k

S.t.

i(vi n xiszl,
i=1 j£k (a4)

Zslury”. —Zm:vixij <0, Vj=Kk,

i=1

=1
S m

zur Yo — O zvi X = 0,
r=1 i=1l

,u >0, Viandr,

where DMU, is the target DMU, > u, [z yrjj is the weighted output of composite

r=1 j#k

DMU , Z(vinij) is the weighted input of composite DMU , and 6,, is the efficiency

i=1 j=k
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of DMU, obtained from Eq. (1). The benevolent formulation uses the same set of

constraints except that the efficiency of the composite DMU is maximized. As reported
by Angulo-Meza and Lins (2002), these two formulations give very similar results, which is

why only one of these formulation is used, generally the aggressive formulation.

A DMU potentially becomes as ‘false positive’ when it is exhibiting a high efficiency
score by heavily weighting on a few favorable inputs and outputs. The self-appraisal and
peer-appraisal are used in computing a false positive index ( FPI) (Baker and Talluri, 1997).
The FPI relates to the percentage increment in efficiency that a DMU achieves when
moving from peer-appraisal to self-appraisal. This FPI is similar to the maverick index
suggested by Doyle and Green (1994). It is calculated by using Eq. (a5). The higher the

value of FPI, is, the more ‘false positive*the ‘BMU, will be. FPI is defined as:
FPI, =(8, - CEM"™ }/(CEM"™"), (a5)

where 6, is the self-appraisal efficiency 'of DMU, , and CEM*" is the mean

cross-efficiency score of DMU, .

Table A1 A Generalized Cross-Efficiency Matrix

_ Rated DMU
Rating DMU
1 2 3 k n
1 Ell E12 E13 Elk Eln
2 E21 E22 E23 EZk EZn
3 E31 E32 E33 E3k E3n
z Ezl Ezz Ez3 Ezk o Ezn
n Enl En2 En3 o Enk o Enn
CEM Mean E.1 E.z E.s E.k E-n
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3. Infeasibility of Super-Efficiency Model (Seiford and Zhu, 1999)

Seiford and Zhu (1999) presents super efficiency VRS (SE-VRS) model. The SE-VRS
model is based on based on a reference technology constructed from all other DMUs. The

super efficiency of DMU k is evaluated by solving the LP problem below:

g, =Min 6,
s.t.

DA% <OX%, i=1..m,

J=L %k

n (26)
> AV = Ve T=1...5

J=L =k

n

2’11:1

j=1,j=k

O, 4220 ¥irand r; j=1,...,n,

where @, is the optimal value for DMU k to the input-oriented SE-VRS model.

Thrall (1996) shows that the SE-CRS.model can be infeasible. However, Thrall (1996)
fails to recognize that the output-oriented SE-CRS model is always feasible for the trivial
solution which has all variables set equal to zero. Moreover, Zhu (1996b) shows that the
input-oriented SE-CRS model is infeasible if and only if a certain pattern of zero data occurs
in the inputs and outputs. Figure Al illustrates how the SE-VRS model works the

infeasibility for the case of a single output and a single input case. We have three VRS
frontier DMUs, A, B, and C. AB exhibits IRS and BC exhibits DRS. The SE-VRS
model evaluates point B by reference to B’ and B” on section AC through output-reduction
and input-increment, respectively. In an input-oriented SE-VRS model, point A is evaluated

against A’. However, there is no referent DMU for point C for input variations. Therefore,

the input-oriented SE-VRS model is infeasible at point C. Similarly, in an output-oriented
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SE-VRS model, point C is evaluated against C’. However, there is no referent DMU for
point A for output variations. Therefore, the output-oriented SE-VRS model is infeasible at
point A. Note that point A is the left most end point and point B is the right most end point

on this frontier.

Y A

Infeasibility C

Right-end point

Infeasibility

A .................... > 4’
Left-end point

y

¥

Figure Al Infeasibility of Super-Efficiency Model
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4. A Multiple Objective Approach (Li and Reeves, 1999)

Li and Reeves (1999) present a multiple objective approach that they called Multiple
Criteria DEA — MCDEA, which focuses on solving two key problems: lack of discrimination
and inappropriate weighting schemes. MCDEA introduces three objective functions into a
LP problem. The first objective function seeks minimization of the inefficiency of a target

DMU k, measured by d,, such that the weighted sum of outputs is less than or equal to the

weighted sum of inputs for each DMU. Thus, we can say that DMU Kk is not efficient its

efficiency score would be 6, =1-d, . The second objective function aims at the

minimization of the maximum deviation, for which the restriction included in the new

formulation,M —d; >k (i =1,...,n), makes M the maximum deviation. The third objective

function seeks maximization of the deviation of all DMUs. All three objective functions are

based on the deviation variable. = The LP problem is as follows:

Min d, (or'Max'®, = > u,y,)

r=1

Min M
Min > d,

j=1
s.t.

ivi X, =1,
i=1

zuryrj _Zvixij +d; =0, j=1...n,

r=1 i=1

M—d; >0, i=1...,n,

v, 20, vr, i, and j.

@7)

u

r?
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5. Non-Oriented Super-SBM model (Tone, 2002)

In most DEA models, the best performers share the full efficient status denoted by the
score unity, and from experience we know that plural DMUs usually exist with this “efficient’
status. The Super-efficiency model discriminates these efficient DMUs. The basic concept
is that we delete the efficient DMU concerned from the production possibility set (PPS) and
measures the distance from the DMU to the remaining PPS. If the distance is small, then the
super-efficiency of the DMU is judged to be lower as the DMU only marginally outperforms
other DMUs. On the contrary, if the distance is large, then the super-efficiency of the DMU
is high compared with the remaining DMUs. Hence, it makes sense to rank the efficient
DMUs in the order of the distance thus obtained. The main problem is how to define the
‘distance’ between an efficient DM and the PPS formed by excluding the DMU. The

non-oriented super-SBM model (2002) -is* a. well-known solution to evaluate the

super-efficiency DMU_ (X, , yro) (o=1"7.,n)by salving the following fractional program:

o o[ T5un 2500

St.

(a8)

The fractional program can be transformed into LPs. See Tone (2002) for detailed

discussions.
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6. Reference-share measure (Zhu, 2000)

To identify the inputs/outputs that are most important or to distinguish those efficient
DMUs which can be treated as benchmarks, the reference-share measure (Zhu 2000) is
defined as a ranking measure by combining the factor-specific measure in Egs. (a9, a10) and
BCC model. Lewin et al. (1982) and Torgersen et al. (1996) report the application for
output-specific efficiency measures which are derived from the radial component and
non-zero slacks. Here, for a particular inefficient DMU, the factor-specific ( kth
input-specific and qth output-specific) measure comes via the following two linear

programming problems and the existing BCC model’s best practice frontier.
The kth input-specific DEA model can be,written as follows:

0F =Min 6%, “'d e N,
st.

D Al =0%, ke{l. m},
jeE

DA <%y i 2K, (a9)

jeE

DAY 2 Y T=Los,

jeE

> A =1,

jeE

0y, A] 20, jeE.

The qth output-specific DEA model can be written as follows:
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¢ =Max ¢, deN,
st

Z/I?yqj =4V, qefl...s},

jeE

DAY 2 Y TG, (a10)

jeE

DA <X i=1..,m,

jeE

> =1,

jeE

¢, A >0, jeE.

Here, E and N respectively represent the index sets for the efficient and inefficient
DMUs identified by BCC model. The factor-specific measures in Eq. (a9) and Eq. (al0)
determine the maximum potential decrease' of an input and increase of an output while
keeping other inputs and outputs at:current levels... These factor-specific measures are still

multi-factor performance measures,-since all related factors are considered in a single model.

On the basis of Eq. (a9), the kth; input-specific reference-share measure for each

efficient DMU, jeE,is
A= A (10 )X [ (16 ) % (all)

where ﬂf* and @) are optimal values in Eq. (a9). On the basis of Eqg. (al0), the gth

output-specific reference-share measure for each efficient DMU, jeE,is

5 =3 A [ () Yo [ D [2- (V) e (a12)

where A" and ¢ are optimal values in Eq. (a10).
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The reference-share A%, (or I19 ) depends on the values of 4] and 6 ( or A7

and ¢ ). Note that (1—0§*).xkd and [1—(]7/¢;‘*)}yqd characterize the potential

decrease on the kth input and increase on the qth output, respectively. Therefore, the
reference-share here measures the contribution that an efficient DMU makes to the

potential input (output) improvement in inefficient DMUSs.

Terms Akj and TI] are weighted optimal lambda values across all inefficient DMUs.

The weights,

(10 Pt 108 0o | et {[2-(V) [y /[ 1 (V)]s |

are normalized, and therefore we have zjeEAkj =1 and ZjeEH‘} =1. It is very clear

from Eq. (a9) and Eqg. (a10) that an-efficient DMU which does not act as a referent DMU
for any inefficient DMU will have:zeroreference-share measure. The bigger the

reference-share measure is, the more importantan.efficient DMU is in benchmarking.
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