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analysis approach
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Abstract. Data envelopment analysis (DEA) is a powerful mathematical programming methodology
for evaluating the relative efficiency of decision-making units (DMUs) with multiple outputs and mul-
tiple inputs. In the classic DEA; it has been implicitly assumed that all DMUs perform in a unique
technology set and the traditional DEA cannot measure the relative performances of DMUs with dis-
similar classes. In other words, if we have different groups of DMUs, the traditional DEA models
cannot be applied to evaluate such cases. In this paper, it has been assumed that the DMUs do busi-
ness in different groups. We are interested to evaluate the members of the groups. The main aim of
this paper is proposing a DEA-based methodology to estimate the technical efficiency of DMUs along
with different groups with different technologies. The proposed method is illustrated by an empirical
example on banking industry.
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1. Introduction

Discussion on how to evaluate the relative performances of the firms is very important and many
researchers in the field of performance management and measurement have made substantial
contribution in the last four decades. Following the pioneering work of [7], a body of literature
has been developed to analyze the relative performances of homogeneous firms.

One of the most frequently used and representative methods of performance analysis is data
envelopment analysis (DEA). In the last three decades, DEA, initiated by [5] and developed
by [2] has been proven as an excellent data-oriented efficiency analysis method for comparing
decision making units (DMUs) with multiple outputs and multiple inputs. DEA is a commonly
used tool in performance evaluation of firms in the sense that DEA models do not estimate the
exact production frontier and using the observed inputs/outputs data, an empirical production
frontier is constructed to analysis of the firm’s performances. Recently, many applications of
DEA have been reported in the literature. For more information about the applications of
DEA, see [6].

In traditional DEA, we have a set of DMUs that do business in the same technological
environment and the DMUs use same inputs to produce same outputs. In real application in
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performance analysis of the firms, despite of the fact that the DMUs are homogeneous, they
may perform in different groups with different technologies. So, there is a need to provide
modified models and methods to evaluate the DMUs in such a cases. One way to evaluate
the relative performances of the DMUs in different groups with same technology is classifying
DMUs into different categories. In DEA, categorical DMUs are classified into controllable
and non-controllable by decision maker. Then, DEA tries to solve this problem by a special
algorithm. As mentioned earlier, the traditional DEA models such as “DEA with categorical
DMUs” implicitly consider a same technology for all DMUs and in a special case, they didn’t
allow DMUs with different categories.

Discussion on the performance analysis with technological differences is an important subject
that has been studied by DEA researchers. In all studies, making an envelope to the DMUs in
the groups is proposed as a solution to this problem. In the DEA literature, such envelopment
is referred to as meta-frontier.

The meta-frontier is defined as a common boundary that envelopes every group of DMUs.
The idea of meta-frontier was first introduced by [9, 10, 15] have used the meta-frontier concept
in their studies. O’Donnell [11] proposed a meta-frontier framework to study the firm level
efficiencies. The meta-frontier constructed in all of the existing approaches is not a convex
function. This paper has a different look at the group performance analysis. The method
proposed in this paper is different from those that have been studied in previous works. As we
know, empirical production frontier is our estimation related to the transformation of inputs
to outputs and DEA overestimates the efficiencies of the DMUs, so, we need to evaluate the
DMUs in a more solid condition. We assume that we have case in which there are K different
groups and in each group a set of DMUs are doing business separately. The groups that the
DMUs belong to are almost same and in this sense, some DMUs may change their group to
tryout their performances. So, the DMUs can be transferred from one group to another one. To
evaluate a specific DMU, a mixed integer linear programming problem is proposed and using
the proposed model, we implicitly evaluate the DMU under consideration in each of the groups
and the most favorable group is chosen to each DMU as the reference group.

The rest of this paper is organized as follows: In the next section (Section 2), performance
analysis in the groups is given. Analyzing the problem of transferring a DMU from its current
group to a specific group is given in Section 3. An application to a major Iranian bank is given
in Section 4. Conclusions appear in Section 5.

2. Performance measurement in groups

2.1. Meta-technology

Suppose there are n DMUs to be evaluated in K different groups and the k-th group G consists
of DMUjy, DMUjs,..., DMUj,. Each DMUjj, uses my, inputs (Zijk, Z2jk; - Tmjk) = 0 to
produce s outputs (Y1,k, Y2jk,--»Ysjk) = 0. An important point to be noted is that although
each DMUj faces to a different technology, but the groups are homogeneous in the sense that
the DMUs in two different groups uses same inputs to generate same outputs and due to
this similarity, in case of need, in order to improve their performances, they are allowed to be
transferred from one group to another one. Battese et al. [3] argued that since a technology set is
our knowledge related to the transformation of inputs to outputs, it is possible to conceptualize
the existence of a meta-technology. O’Donnell et al. [11] have used the concept of meta-frontier
to compute the technical efficiency of the DMUs that may be classified in to different groups
with same technology.

Suppose Tg1, Tgo, ---, Tk are K different technologies with K different natures. The meta-
technology set T, in our analysis is defined as follows:
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TM:{(x,y):HkE{l, 2,...,K}:(w,y)€TGk} (1)

Indeed, Th; consists of all production possibilities (z, y) that belong to one of the technologies
Ter, k=1, 2,..., K.
Consider the k-th technology set as follows:

Tor = {(a:,y) x> Z )\fzf, y < Z /\?yf, = ()\’f,...,)\fk) € Ak} (2)
J€Ik J€Ik
in which Ay is used to clarify the nature of Tg,. Based on the definition of Th; an algebraic
representation of the production set Th; is given as follows:

K K K
O (CIEES STLO SV D S O DPCY) N SIS
k=1

k=1 J€Jk €Ik k=1 (3)
M= O M) € A € (0,13
As we stated before, the meta-technology T, is the union of the technology sets, Tgk, k =
1, 2,..., K. The boundary points of the metatechnology T, is the metafrontier and this frontier

plays the main role in our analysis. A DMU under evaluation would be assessed to the part of
this frontier to maximize its performance.

2.2. Technical efficiency measurement

Now, we come to evaluate the relative efficiency of a specific DMU, To describe the DEA
efficiency measurement of the DMU,, we use the directional distance function as follows:

DF(z0,Y,) :Maa:{16+ 1p: (a:o—édx, yo—l—pdy) €Ty, 0<0<1, p> O} (4)

in which 6 = (01, 02,...,0m), p = (p1, p2,...,ps) and 1 = (1, 1,...;1) is used to summation.
d* = (dy, d3,....,d%) and d* = (dY, d,...,dY) are user-defined values that are used to show

coy Uy ey Ug

the directional distance. Based on the definition of the meta-technology Ths model in eq.(4)
becomes as the following form:

ez:MaxZ(Sf—i—Zpg
=1 r=1
K
ZM(Z /\;?a:fj) <z -0ds, i=1,2..m k=1, 2,...K
k=

K
Zuk<2)\§yfj) >y+prdd,, r=1 2.5 k=1,2,..,K
k=

=1 J€Jk

k=1
A= (A}, A5 € Ay, k=1, 2., K
0<6; >, i=1,2,..,m
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In given model, each DMU, is evaluated with respect to each of the groups and its efficiency
score is obtained. When we maximize 6 + p?, we try to evaluate the DMU, to those frontier
that DMU, has maximum distance to the frontier. This shows the inefficiency of DMU,. The
binary variable puy is used to show if Gy is considered as the reference group to DMU, or not.
i = 1 shows that the k-th group is the reference group to DMU, and hence the reference set
of DMU, is selected among DMUs in Gj. It should be noted that if E, be the reference set
of DMU,, all members of E, belong to a same group G and this is impossible to F, to have
members from two different G..

Model given by eq.(5) is a mixed integer nonlinear programming problem. In order to
linearize the above model, we use the following changes of variables:

o= k=12, K =1, 2.5 (6)

If pur = 0 we must have X? = 0 and when p; = 1 we must have X? = )\f forallj =1, 2,..., ji.

Supose M be a large positive number and consider the following constraints:

0< N <pPM, k=1,2.,K Vjej (7)

Clearly p* = 0 forces Xf =0 for all j =1, 2,...,j; and if g = 1 then Xf > 0 for all
Jj =1, 2,...,jk, and this is what we want. With these changes of variables, model in eq.(5)
becomes of the following form:

m S
e::MaxZ(Sf—l—Zpg
=1 r=1
~k
SOS Npah <a—opdl,  i=1,2..m k=1,2..K

K
ZZX?kyfj >y+ pod?,, r=12,...,8s k=1, 2,...,. K

k=1j€7k

K (8)
St

k=1

0< Xy > pF M, k=1,2,..K j€i

X = (A, N) € Ay, k=1,2.. K

pF e {0,1}, k=1,2,...,K

0§5z2, 7':1a y ey TN

pr >0, r=1,2,...s

Note that the form of Ay depends of the form of A; and p*. Model (8) is a mixed integer
linear programming problem. It is easy to show the feasibility and the boundedness of this
problem. In model (6), DMU, is assessed to all of the groups and in the objective function, we
look for the maximum reduction in the inputs and maximum expansion in the outputs, while
remaining in some technology set T¢;.

Although the individual technologies To1, Tgo, ..., Tk are convex sets, we should not expect
the new meta-technology be a convex set. Despite of this, the DMU under evaluation, is assessed
to the part of the meta-technology that is a convex function and the corresponded technology
is a convex set. This guaranties that the local optimal solution obtained from model (8) is a
global optimal solution. This is the proof of the following theorem.
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Theorem 1. Fach local optimal solution to the mathematical programming problem (8) is a
global optimal solution to this problem.

Definition 1. DMU, is said to be full efficient if and only if the objective function value of
model (8) is zero and all slack variables are zero.

Theorem 2. The new score e} of DMU, in the whole group is greater than or equal to its old
score in its own group.

Proof: Suppose DMU, belongs to G. To calculate the efficiency score of DMU, in its
own group, using model (8), we set u* = 1 and for each j # k, p; = 0. With these values to
©?, model (8) reduces to the following form:

2 = MaxZéf +Zp2
i=1 r=1

S Nal <@ -opdi,  i=12.m k=1, 2. K

JEIk
7k °
SONwuE Zy Y, r=1,2.,5 k=1,2.,K
JEIk (9)
0 < Xjy > uM, k=1,2..K jej
N = () €Ry, k=1,2,.,K
pu* e {01}, k=12 ... K
OS(S’L 27 Zzl, 2,...7m
pr 20, r=1,2,..,s

If (69, po*, ;) is the optimal solution the model (9) with optimal value of z*, then (69*, p2*, p
pF = 1) is a feasible solution to model (8) and this completes the proof.

Theorem 2 shows that a DMU may be efficient in its own group, but, when we come to
evaluate it with whole group, it may be inefficient.

3. The transfer between the groups

In this section, the effect of transferring a specific DMU from its current group to another one
is considered. Suppose we are interested to transfer a specific DMU, € G4 from its current
group to another group Gg. Clearly, this transmission may affect on the performance of DM U,
and DMUs in Gg. The impact of the presence or absence of a DMU in a technology is shown
in Figure 1. After including DMU, to Gp, the performance of DMUs in Gp can easily be
calculated by a classic DEA model. However, to determine the best group among G4 and Gp
to DMU,, the following model is proposed.
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Figure 1: The impact of the presence and absence of a DMU

Maz i 0; + i Dr
i=1 r=1

Z Z Nopals +dy = (1=6)afy, i=1,2..m

kEA,B jEjp
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K

So=uF ke{a B} (10)
S

pt 4t =1

; : A A

Vj € ja, OS)\J‘ <pu M

Vji€jp, 0<A) <uPM

pt, pP e {0, 1}
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Note that in model given by eq.(10), we assumed (d*,dY) = (xo,%,). In this model we
assumed that groups G4 and G'p has two different technologies. In this model, if 4 = 1 then
uB =0 and G4 would be determined as the reference group to DMU,,.

At the end of this section, we illustrate the proposed approach with a small-scale example
consisting eight DMUs in two groups. DMUs 1-4 belong to the first group and DMUs 5-8 are
in second group. The DMUs use one input to produce one output. The data are listed in Table
1 and the two technology sets are depicted in Figure 2. The first three columns show the input
and output data. The technical efficiency of the DMUs in their group is given in the fourth
column of Table 1. As we can see, DMUs 1, 5 and 7 are efficient in their groups.
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DMUs | input output | DMUs TE in groups meta frontier TE | p!  ux?  group
DMU1 1 2 0.000 0.500 0 1
DMU2 2 1 3.000 3.333 0 1 group 1
DMU3 2 3 0.333 0.500 0 1
DMU4 4 3 1.667 1.667 1 0
DMU5 1 3 0.000 0.000 0 1
DMUG6 2 4 0.125 0.125 0 1 group 2
DMU7 4 7 0.000 0.143 1 0
DMUS8 5 1 6.200 9.000 1 0

Table 1: Data and results for eight DMUs

Figure 2: The meta-frontier

We applied our proposed model (8) to this data set. The results are given in columns 5,
6 and 7. As the results show, only one unit #5 prevail as efficient. It is interesting to note
that DMUs #1 and #7 that were efficient in their group are now in-efficient. Moreover, the
reference group to DMU; € Gy is G5 and the reference group to DMU; € G2 is G1. Finally,
comparing the columns 4 and 5, we can see that the new inefficiency score of all DMUs are
greater than or equal to the previous one.

4. An application to Iranian banking industry

In this section, we apply the model developed in this paper for the purpose of evaluating the
technical efficiency in a major Iranian bank. In performance analysis in banking sector, DEA is
one of the most frequently used tool to evaluate the relative efficiency of bank branches. In the
last two decades, a lot of research studies have been conducted to evaluate the bank efficiency
using DEA. In what follows, we briefly review some of these works.

Silva et al. [14] made a comparison of DEA and stochastic frontier approach (SFA) to
investigate the efficiency of Chinese local commercial and rural banks. [13] made a survey to
80 published DEA applications in the bank branches of 24 countries. They studied the design
of DEA models in these papers. [4] reviewed the recent developments related to empirical
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methodological advances of bank performance analysis. They selected 103 researches and an-
alyzed them based on their efficiency measures, input—output approaches and methodologies.
Ahn and Le [1] investigated the application of DEA in measuring bank efficiency They discussed
some pitfalls which have been occurred in choosing inputs, outputs, weights and other factors.
Recently [12] make a survey to the application of DEA in the banking industry.

In what follows, we focus on the performance evaluation of 92 bank branches of an Iranian
commercial bank. According to Iranian banking law, based on the operation volume, the
branches are divided into six degrees 1-6. Since the branches in the third, fourth and fifth
degrees are the most homogeneous branches, our performance evaluation is focused on these
branches. We collect the data from operations in 2017. Seven variables have been used as
inputs and outputs in this analysis.

Inputs include number of staff, non-operational costs and assets. Outputs are deposits,
profit, charges and loans (all monetary variables are stated in 10 thousands of current Iranian
Rials). The data set for these 92 branches are given in Table 2. Note that the first thirty
branches belong to G4 (branches with degree 4), the second 36 branches belong to G5 and the
last 26 branches belong to G5. After calculating the Pearson correlation coefficients of each two
variables, it has been indicated that we cannot ignore none of these variables.

We first evaluated the branches in their own groups and we saw that of 92 branches, 45
branches are efficient. Now, we make the conditions more rigorous and model 7 has been used
to this data set. The relative efficiency of the branches along with the projection points and the
reference groups are given in Table 3. As the second column of Table 3 shows, the number of
efficient branches has reduced from 45 to 28. The membership values u!, p? and p? are given
in columns 3-5, respectively.

Consider branch 1. This branch is inefficient in both cases and p' = 1 and p? = 43 =0
means that its frontier projection point belongs to the boundary of technology G4. In other
words, the most solid group to this branch is Gy.

Now consider branch 2. This branch was efficient in its original group, while, when it has
been compared to G5, it prevail as inefficient. This means that the most serious competitors to
this branch belong to G5. As we saw in this application, of 92 branches, 17 branches are efficient
in their own group and when we extend their evaluation context, they would be determined
as inefficient. This means that these 17 branches were overestimated in their own group. The
data for this analysis are derived from operations during the first 6 months of 2018.
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j k staff costs assets  deposits profit charge loans TE
1 4 17.67 32.15 3204.07 295207.1 60272.84 8091.01 114515.8 3.06
2 4 1326 27.77 1693.66 273151.3 55083.47 1064.62 231965.2 0.00
3 4 1196 29.26 2241.59 329613.6 75425.89 8929.29 142206.2 0.00
4 4 1036 15.88 3380.67 257394.6 77502.37 8232.96 195372.2 0.00
5 4 1131 12.14 3748.06 342367.3 56423.84 7791.50 217331.8 0.00
6 4 10.14 21.08 2738.06 330547.5 41158.48 8775.26 227504.5 0.00
7 4 1228 21.38 3369.30 261761.8 74911.95 9393.61 299683.4 0.00
8 4 1443 29.60 272598 297084.0 68539.69 7829.84 115560.6 2.58
9 4 12.84 31.31 2348.56 285941.6 53048.49 8823.33 279750.8 1.28
10 4 1341 12.80 2689.27 297157.2 41075.47 8215.23 262026.7 0.00
11 4 1781 15.77 2469.29 275714.9 77014.07 1026.15 134198.1 0.00
12 4 1645 13.71 2642.67 320751.1 48507.34 8206.47 231765.0 0.00
13 4 1793 14.54 3571.45 344216.7 74733.73 8204.02 242432.0 0.00
14 4 13.73 25.34 2547.62 325392.9 67022.31 8121.02 222130.3 0.00
15 4 1240 3141 1762.66 298896.8 67658.31 1057.76 124088.0 0.00
16 4 16.21 33.40 2322.38 299345.4 59837.03 9112.26 131226.4 2.26
17 4 1287 29.05 2785.44 327187.4 58887.30 8804.32 151428.0 1.05
18 4 1390 26.79 2590.02 265506.5 49964.90 7941.57 231802.6 1.84
19 4 10.33 34.67 3365.09 280549.0 53860.29 1043.09 167049.9 0.00
20 4 11.85 20.46 1889.08 330483.4 64912.87 7682.65 177879.6 0.00
21 4 1741 26.84 242296 258813.7 57878.96 1075.00 233516.8 1.39
22 4 10.80 19.69 2213.23 287846.0 76741.84 1091.55 280376.4 0.00
23 4 12.06 24.36 2336.70 311613.8 76902.98 8860.29 304056.5 0.00
24 4 1544 23.75 2042.31 323177.3 77361.98 9258.39 239353.9 0.00
25 4 16.06 24.64 2417.98 301945.6 59873.65 8063.77 195359.7 1.42
26 4 14.42 18.27 2201.93 312154.0 51484.73 1046.29 148193.5 0.00
27 4 1048 23.00 2061.26 262576.7 52080.45 8165.35 125564.4 0.00
28 4 16.09 11.04 2432.86 306486.7 60224.01 7982.80 127022.2 0.00
29 4 17.89 27.82 3230.53 259216.6 61998.96 1063.56 175721.0 1.97
30 4 1537 33.23 2444.65 343557.5 42072.82 9312.11 120647.0 0.00
31 3 10.81 16.38 1899.61 423833.4 43752.56 9734.46 149745.0 0.00
32 3 17.08 25.51 3084.53 352108.8 63259.99 8537.17 287840.2 2.49
33 3 10.12 29.22 1784.00 404359.6 69058.50 9187.99 306496.5 0.00
34 3 10.26 21.29 3043.68 377625.4 78507.03 9069.75 297462.4 0.00
35 3 11.76 22.08 2202.98 413313.7 71972.41 1025.22 129124.3 0.00
36 3 12.86 26.57 1939.69 396614.0 43814.81 7719.83 1613129 2.10
37 3 1243 30.42 3165.39 446841.3 40048.83 1047.89 129437.1 3.28
38 3 12.05 20.87 3575.59 387431.0 70326.85 8329.52 1510714 1.91
39 3 17.61 34.65 2530.99 399086.0 71580.55 8498.93 203561.7 2.46
40 3 1043 29.84 1693.94 444012.3 51197.85 8901.52 167444.4 0.00
41 3 16.53 2297 3246.32 352017.3 79128.39 1088.40 106213.7 4.23
42 3 1281 26.35 3648.67 427962.6 76403.70 8838.28 244440.3 1.24
43 3 11.59 12.78 3218.10 352969.5 78353.22 1093.12 156264.1 0.00
44 3 10.51 28.77 2405.27 381479.8 65797.91 1052.70 187689.4 0.00
45 3 1299 18.66 1622.84 437978.8 50560.63 9498.72 195722.5 0.00
46 4 17.89 30.04 2512.88 381827.8 40636.01 9158.30 308273.3 2.45

Table 2a: Data for 92 bank branches

83
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j k staff costs assets  deposits profit charge loans TE
47 3 10.04 28.56 3783.93 381479.8 56359.14 8998.29  136913.4 2.02
48 3 16.21 34.37 3383.34 375711.8 65141.15 8844.16 215016.9 3.01
49 3 16.47 10.45 2069.40 373706.8 60574.36 10704.12 247537.2 0.00
50 3 15.79 34.27 1724.34 356860.6 59265.72  9695.79  178305.0 1.11
51 3 10.68 28.26 2355.09 412627.0 54349.80 8802.39 230820.3 0.00
52 3 11.06 10.80 1814.25 351348.9 47168.19 1028.18 278862.4 0.00
53 3 15.01 21.21 2606.02 445376.4 52157.35 1045.48 179431.1 2.11
54 3 13.24 23.39 2608.13 377579.6 55129.86 9651.89 309931.2 1.11
55 3 14.44 23.29 3165.95 384336.4 57035.43 10129.89 106495.3 3.79
56 3 11.45 34.19 1639.54 404240.5 59484.24 10669.73 147011.0 0.00
57 3 14.23 10.37 3664.32 357867.7 41782.28 1087.91  251272.2 0.00
58 3 16.45 31.33 2090.32 435570.8 68117.31 10867.34 225877.9 1.06
59 3 12.10 34.49 3546.04 403608.8 77946.71 10058.96 264760.7 1.12
60 3 16.93 23.34 2231.13 442684.7 62267.53 9181.91  224657.9 1.40
61 3 10.92 28.21 3383.97 389564.2 68957.18 8987.72 154581.1 1.73
62 3 1591 15.34 2524.32 424025.7 41972.72 10823.86 226753.7 1.80
63 3 17.23 30.34 2599.43 391798.2 52660.30 7936.34 130231.6 4.18
64 3 14.36 30.05 3186.94 362573.6 67826.78 9075.52 289316.7 1.75
65 3 11.17 26.69 3202.31 447216.7 46954.56 7879.30  260062.3 0.00
66 3 15.85 24.66 3272.08 362930.7 68493.30 7523.71  243652.0 2.55
67 5 13.06 23.41 2741.43 242251.4 55098.12 9991.24 277798.9 0.00
68 5 14.77 32.71 2092.07 187180.7 49996.64 9530.98  149857.6 2.23
69 5 17.19 28.80 2003.28 221175.3 53054.60 7927.37 141580.6 2.30
70 5 1691 28.24 1969.87 193324.1 44301.89 9700.39  296580.2 1.03
71 5 11.11 29.85 2314.73 157269.5 61463.06 10473.83 131520.4 0.00
72 5 1274 1490 3107.27 150073.2 43285.01 10517.94 298019.2 0.00
73 5 1297 1940 2235.27 197141.9 58374.58 10681.59 108178.2 0.00
74 5 1728 12.11 1927.68 235155.8 75436.87 9804.32 267357.1 0.00
75 5 13.73 19.44 2726.76 230358.3 44647.36  7932.07 153617.7 1.82
76 5 1564 17.60 1668.88 208302.6 59763.79 9566.97  209523.9 0.00
775 17.78 2242 197591 159558.4 43877.07 10445.10 157421.5 2.22
78 5 16.00 25.14 3540.29 206251.7 48806.42 8816.60 234348.9 2.27
79 5 10.59 19.05 3589.63 222200.7 72793.97 9856.01  258304.2 0.00
80 5 14.09 20.41 3381.16 166580.7 75825.07 8378.87 151503.0 1.92
81 5 11.39 12.35 2664.92 192756.4 7244850 10627.54 152754.3 0.00
82 5 15.69 17.98 2350.17 181421.9 64041.26 9091.22  232866.1 0.00
83 5 17.76 13.14 1999.42 226284.1 67583.85 9552.13 190705.0 0.00
84 5 1550 27.41 2996.86 162002.9 57709.28 10242.58 167982.1 2.47
8 5 16.37 34.30 3560.99 185331.3 53069.25 7933.45 267851.3 2.78
8 5 11.42 27.42 1891.96 243304.2 58447.83 8901.20 293020.4 0.00
87 5 17.40 34.94 1623.47 233425.4 54676.96 8801.54  260487.7 0.00
88 5 14.01 27.05 2287.70 195860.2 43471.79 10449.26 188271.3 1.71
89 5 1540 23.60 1518.53 159375.3 47613.76 9938.15 216762.4 0.00
90 5 13.92 30.93 1907.54 2279229 78413.04 7940.40 135899.8 0.00
91 5 10.30 22.58 2964.57 157956.2 46695.76  7917.11  249132.5 1.05
92 5 16.37 13.49 2193.43 239632.9 46816.61 8914.98 305852.1 0.00

Table 2b: Data for 92 bank branches (continued)
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j k staff costs assets deposits  profit charge loans TE w  p* W
1 4 177 321 29944 625257.1 953219 16259.5 485136.0 6.01 1 0 O
2 4 133 278 1693.7 273151.3 55083.5 10646.2 231965.2 0.00 0O 1 0
3 4 120 293 2131.5 455560.2 75425.9 10907.7 348715.8 211 1 0 O
4 4 104 159 3380.7 257394.6 77502.4 8233.0 1953722 0.00 O 1 O
5 4 11.3 121 22121 360163.0 56423.8 10516.1 261370.6 1.01 1 0 O
6 4 10.1 21.1 2738.1 372588.1 73509.4 90328.0 2921740 123 1 0 O
7T 4 123 214 27276 432133.0 74912.0 11139.2 339090.5 1.16 1 0 O
8 4 144 29.6 2467.0 5249954 82331.9 13241.4 405099.9 426 1 0 0
9 4 128 31.3 2228.0 488594.6 79927.5 11731.7 3737826 193 1 0 0
10 4 131 12.8 2150.3 416428.1 55905.0 12186.2 3305152 1.73 1 0 O
11 4 17.8 15.8 2469.3 2757149 77014.1 10261.5 134198.1 000 O 1 0
12 4 14.0 13.7 2303.4 446071.4 59884.6 13053.7 3540428 202 1 0 O
13 4 179 14.5 2754.5 483839.7 74733.7 14105.7 3407247 1.76 1 0 0
14 4 137 253 2329.5 487465.0 74561.7 12632.2 3779824 195 1 0 O
15 4 124 314 1762.7 298896.8 67658.3 10577.6 124088.0 0.00 0 1 0
16 4 134 334 23224 5117149 84247.0 12190.6 390944.8 361 1 0 O
17 4 129 29.0 2216.9 479509.4 76965.1 11777.9 368275.1 2.7 1 0 0
18 4 139 26.8 2364.9 498249.2 76992.0 12771.9 3855814 2.78 1 0 0
19 4 10.3 34.7 3365.1 280549.0 53860.3 10430.9 1670499 0.00 0 1 0
20 4 11.8 20.5 1889.1 330483.4 649129 7682.7 177879.6 0.00 O 1 O
21 4 143 26.8 2423.0 508554.7 78141.2 131154 393989.8 240 1 0 O
22 4 108 197 22132 287846.0 76741.8 10915.5 2803764 0.00 O 1 O
23 4 121 244 2336.7 311613.8 76903.0 8860.3 3040565 0.00 O 1 O
24 4 154 237 20423 323177.3 77362.0 92584 2393539 000 O 1 O
25 4 147 144 2418.0 468266.9 62864.3 13703.2 371659.1 2.70 1 0 0
26 4 134 13.1 2201.9 426426.0 57247.2 12478.8 3384504 231 1 0 O
27 4 105 23.0 1800.9 387645.2 61799.6 9596.8 2981322 234 1 0 O
28 4 159 11.0 2106.8 386239.2 60224.0 11116.2 267071.2 190 1 0 O
29 4 179 278 3001.7 612814.4 90175.0 16517.9 4786584 417 1 0 O
30 4 14.1  33.2 24447 532545.9 86328.6 12928.2 408176.9 445 1 0 0
31 3 108 164 1899.6 423833.4 43752.6 9734.5 1497450 000 1 0 O
32 3 171 16.7 2801.7 542584.2 72841.3 15878.0 430644.1 249 1 0 O
33 3 101 292 1784.0 404359.6 69058.5 9188.0 3064965 0.00 1 0 O
34 3 103 21.3 3043.7 377625.4 78507.0 9069.8 2974624 000 1 0 O
35 3 11.8 22.1 2203.0 413313.7 71972.4 10252.2 129124.3 0.00 1 0 0
36 3 11.2 26.6 1939.7 423193.7 68747.0 10247.6 324220.7 2.10 1 0 O
37 3 124 304 3003.9 475569.2 90433.7 11127.7 367855.0 328 1 0O O
38 3 121 209 24772 423030.3 70326.9 10984.3 3310745 191 1 0 O
39 3 14.6 34.6 2531.0 552143.6 89681.7 13372.4 423025.6 246 1 0 O
40 3 104 29.8 1693.9 444012.3 511979 8901.5 167444.1 0.00 1 0 0
41 3 165 23.0 2756.2 554553.1 79662.6 15294.7 435047.0 423 1 0 O
42 3 12.8 264 2401.5 466981.3 76403.7 11700.7 3613105 124 1 0 O
43 3 11.6 12.8 32181 352969.5 78353.2 10931.2 156264.1 000 1 0 O
44 3 105 28.8 2405.3 381479.8 657979 10527.0 187689.4 0.00 1 0O O
45 3 13.0 187 1622.8 437978.8 50560.6 9498.7 1957225 0.00 1 0 O
46 3 14.7 30.0 25129 534406.9 83729.6 13492.8 4124385 245 1 0 O

Table 3a: Meta TFE results and the projection points
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47 3 10.0 28.6 1834.9 3996224 68979.9 91059 303491.1 2.02 1 0 O
48 3 16.2 344 2778.0 594449.5 93973.7 14858.9 457959.6 3.01 1 0 O
49 3 16.5 10.5 2069.4 373706.8 60574.4 10704.1 247537.2 000 1 0 O
50 3 10.5 247 1724.3 382041.5 59265.7  9695.8 253669.4 1.11 1 0 O
51 3 10.7 283 1866.9 415829.4 69447.2  9729.7 316725.1 000 1 0 O
52 3 11.1 10.8 1814.3 351348.9 47168.2 10281.8 2788624 000 1 0 O
53 3 15.0 14.7 2463.0 476979.3 64033.9 13958.2 378574.1 211 1 0 O
54 3 13.2 129 2172.0 420623.6 56468.2 12309.0 333845.1 111 1 0 O
55 3 14.4 23.3 24284 498238.8 73905.0 13324.0 388589.1 379 1 0 O
56 3 11.4 34.2 1639.5 404240.5 59484.2 10669.7 147011.0 0.00 1 0 O
57 3 142 104 3664.3 357867.7 417823 10879.1 2512722 000 1 0 O
58 3 123 23.7 2090.3 440563.9 68117.3 11286.2 340902.1 106 1 0 O
59 3 121 34.5 2130.6 481659.9 81989.4 109929 365353.3 1.12 1 0 O
60 3 13.5 16.8 2231.1 443142.9 62267.5 12471.0 349005.1 1.40 1 0 0
61 3 109 282 1904.2 422196.8 70087.5  9954.5 3219885 1.73 1 0 O
62 3 154 15.0 2524.3 488861.0 65629.0 143059 3880045 180 1 0 O
63 3 152 303 25994 550464.6 85708.9 13994.3 425355.8 4.18 1 0 O
64 3 144 30.1 2459.0 525004.7 82726.9 13171.1 4047223 175 1 0 O
65 3 11.2  26.7 32023 447216.7 46954.6  7879.3 260062.3 000 1 0 O
66 3 159 16.1 26052 506499.6 68493.3 14733.2 401519.0 255 1 0 O
67 5 13.1 234 22106 460570.7 69978.6 12019.3 357587.3 186 0 1 0
68 5 11.9 327 2092.1 469266.8 79088.5 10851.8 356726.1 380 1 0 O
69 5 11.5 28.8 2003.3 441386.9 72664.5 105159 3372188 340 O 1 O
70 5 13.1 28.2 1969.9 481641.3 70041.2 10720.9 296580.2 240 1 0 O
71 5 11.1  29.8 2154.5 422526.5 71405.4 10473.8 283336.1 3.0 O 1 O
72 5 12.7 14.9 2387.1 416182.5 61925.2 11747.9 329829.3 2.66 1 0 0
73 5 13.0 194 2172.0 441119.9 64362.9 11988.0 3450859 368 1 0 O
74 5 17.3 12,1 19277 235155.8 75436.9  9804.3 267357.1 000 O O 1
75 5 13.7 194 2291.1 462079.7 66646.3 12696.3 3622399 362 1 0 O
76 5 15.6 17.6 1668.9 208302.6 59763.8  9567.0 209523.9 000 O 0 1
77 5 11.6 2.2 1975.9 416401.5 64370.4 10669.2 3222164 3.49 1 0 0
78 5 16.0 25.1 3540.3 551439.4 94027.6 14544.3 4346499 410 1 0 O
79 5 10.6 19.1 3589.6 222200.7 72794.0  9856.0 258304.2 0.00 O 1 O
80 5 14.1 204 2801.0 477359.5 75825.1 12907.0 3760442 406 1 0 O
81 5 11.4 124 2664.9 192756.4 724485 10627.5 152754.3 0.00 0 0 1
82 5 154 171 2350.2 498588.5 64041.3 13425.0 342366.8 2.76 0 0 1
83 5 178 124 1981.2 241684.3 77531.2 10076.5 274779.6 0.00 0 0 1
84 5 155 274 2621.2 545008.5 82548.2 14269.3 423398.8 483 0 1 0
8 5 164 343 3561.0 600722.3 105918.2 14816.8 466736.0 485 1 0 O
8 5 109 274 1892.0 417551.3 68893.3  9920.7 318859.1 1.15 1 0 O
87 5 959 204 1623.5 349172.6 54677.0  8801.5 260487.7 136 1 0 O
88 5 134 27.0 2287.7 485561.8 75857.9 12298.7 3749552 344 1 0 O
89 5 154 23.6 15185 159375.3 47613.8 9938.2 216762.4 0.00 0 0 1
90 5 139 309 19075 2279229 78413.0  7940.4 135899.8 0.00 O 0 1
91 5 103 226 1771.0 381080.0 60724.5 9439.3 293110.8 248 1 0 O
92 5 13.4 13.1 21934 424781.2 57026.4 12430.7 3371449 170 1 0 O

Table 3b: Meta TF results and the projection points (continued)
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5. Conclusion

A main assumption in performance measurement using tools such as DEA is that all firms are in
a single technology set. However, in many real applications, we confront cases in which different
groups of firms perform in different but similar environments. The differences in the nature of
the DMUs and the region that they do business have led to different technology sets and in
this case, we confront groups of DMUs that technologically are different but, this difference is
not a significant difference. So, a DMU can be transferred between the groups to select best
reference group.

In this paper, we have developed a DEA based procedure and a directional distance function
model to evaluate DMUs in different groups. The proposed model has been used to evaluate
the relative efficiency of 92 bank branches of an Iranian major bank. As the results showed, we
saw that when we extended the evaluation context, the efficiency classification of the DMUs
may be altered. A DMU may be efficient in its current group and when we assess this unit in
a larger group, it may be inefficient. This shows the impact and importance of group efficiency
analysis.
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