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As a bank manager, not only the overall performance of the bank is considered, but also the performances of all
divisions needed to be evaluated. Though there have been many works investigating the performance of banking
by Data Envelopment Analysis (DEA) since the 1990s, the internal structure and operational processes of a
banking system are never such simple as represented in existing DEA models. We propose a new DEA modelling
technique to solve a mixed network structure, which consists of serial and parallel processes with shared input
resources. Relational decomposition and additive aggregation network models are developed to measure the
overall efficiency as well as the efficiencies of all components within the model. The empirical results obtained
for the Taiwan banking industry acknowledges the discriminating power of our structure models compared to the
ones proposed in existing literature. We also find evidence that traditional banking (lending) has been gradually
outperformed by low-risk businesses (investment or non-interest-based services). Some managerial implications

are then discussed to improve the system’s efficiency.

1. Introduction

The liberalization and internationalization of financial market have
led banks worldwide to diversify their financial services to generate
additional sources of profit [1]. Stated that well-diversified banks will
enjoy more benefits and competitive advantage in the banking market.
Subsequently, not only the overall performance of the bank is of
concern, but also the performances of all branches/processes need to be
evaluated.

Many research works have investigated the performance of banking
through using Data Envelopment Analysis (DEA) since the 1990s [2-5].
In order to illustrate the banking’s performance, existing studies focus
on two “bird’s eye” views, being, “black-box” and “network structure”.
The former inherits the traditional DEA models, such as CCR [6] or BCC
[7], and therefore, neglects the internal processes of banking perfor-
mance [8-10]. Such models only provide information on the overall
performance of a bank without taking into account the impact of in-
termediate products. On the other hand, the latter attempts to open the

* Corresponding author.

“black box” by typically splitting it into two stages [2]. Constructed a
two-stage network DEA in which the first stage profitability, determines
the performance of the second stage, marketability. Based on the the-
ories of multiple shared inputs [11], further developed a shared re-
sources model to stress that inputs in certain network structures cannot
be separated into independent components in the first stage and the
second stage [12]. Reviewed a series of network models including par-
allel and serial processes and suggested approaches to solve them [13].
Utilized a two-stage process in which deposits are treated as the “bridge”
between initial resources (labor and capital) and final outputs (desire
and undesired outputs), to evaluate banks’ network revenue perfor-
mance [5]. Presented banking business as a serial three-stage process in
which there exists an internal resource imbalance (IRI) between
processes.

Though these researches contribute to the literature on the mea-
surement of banking’s performance, they appear to oversimplify the real
world situation. Not only do such existing simplified models often
generate insufficient information but also engender misleading analysis
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Figure 1. General mixed serial and parallel network structure

results for the bank’s managers. Therefore, they are limited to theoret-
ical applications only. With the liberalization and internationalization of
financial market, modern banking systems have become more diversi-
fied and complex than what were described before. For instance, on the
one hand, it operates through a serial process with shared resources and
intermediate products, while, on the other hand, there also exist some
parallel processes or operations within the system. The importance of
such models to the realistic operation of banks has not been well studied
in previous investigations. Due to the shortage of literature on this
aspect, we propose a mixed network structure for banking’s production,
which consists of both series processes and parallel processes/operations
with input resources shared by all components.

Figure 1 illustrates a mixed serial and parallel network structure with
shared resources. Specifically, Operation I is a serial process consisting
of two stages. In stage 1, a portion of resource (X) is used to obtain in-
termediate outputs (Z32), which then along with another part of initial
inputs (X), become the materials for stage 2. Stage 2 contains two par-
allel sub-processes (processes A and B), in which final outputs, namely,
Y, and Yp, are produced, respectively. Operation II is an independent
process (process C) that transfers multiple shared inputs (X) directly into
final products Y.

Note that the literature of network DEA experienced some papers
deriving solutions for either serial or parallel-processes systems. For
instant, [14] and [15] both employ a serial stages network model with
specific and shared resources to evaluate the efficiency of high-tech
industries in China while a parallel structure of three processes, utiliz-
ing shared inputs is adopted in [16]. However, in the real situation, the
relationships between stages/processes and resources are unfortunately
not such simple [17]. Based on the operation of multimode bus transit,
proposed a mixed structure wherein the two independent activities
(parallel structure) jointly contribute to generate intermediate products
for the sequential activity (serial structure).

It is important to note that such mixed structure networks are typical
cases because they are flexible and mainly depends on the manner of the
system’s operation. Therefore, we inherit the spirit of [17] to propound
a compliance mixed network structure with modern banking’s activities.
To the extent of our knowledge, there is no existing research ever tried
the evaluate the performance of banking industry by utilizing such
framework. Furthermore, differ from ([17]), in order to obtain the sys-
tem efficiency and each component efficiency, two new network DEA
techniques are proposed in this paper. Following the technique of [18,
19], a relational model is proposed to solve this mixed network structure

and it is shown that the system efficiency can be decomposed into
divisional efficiencies. We also develop an additive aggregation model
by which system efficiency and all branch efficiencies are also derived.
Because this additive model cannot be converted into a linear program,
we improve the parametric linear method of [20] to solve this model.
The most advantage of proposed models is that they are not only helpful
in evaluating every stages’ efficiency but also informative in disclosing
how important is each stage contributes to the system’s score.

The commercial banking system in Taiwan is a chartered and regu-
lated system very similar to that of western financial institutions. After
the privatization and liberalization of financial market in 1989, the
degree of Taiwan banking sector’s competition has gradually increased,
which resulted in a low level of profits and high level of non-performing
loans for banks ([21]). In 2002, Taiwanese authorities launched the first
major financial reform in order to improve the performance of banking
industry’. Since then, the efficiency and productivity of this sector have
become a matter of concern [22,23]. Inheriting the spirit of these
studies, we employ the new proposed model to better illustrate the
realistic operation of Taiwan banks and measure their performance. As
of July 2017, Taiwan has 39 domestic commercial banks of which 16 are
a part of financial holding companies (FHC).

The main purpose of our paper is to figure out the solution for the
above mixed parallel-serial network with shared resources mentioned
above and experiment its discriminating power with the sample of
Taiwan banks. Equivalently, such questions will be explored in our
work: (1) Is the explanatory power of our new models better than other
traditional DEA models? (2) Is it possible to identify branches and sub-
branches efficiencies in banks to derive effective policy implications for
different divisions? (3) Can we distinguish new trends in bank business
to guide new policy and strategy?

The remainder of the paper presents the following. Section 2 pro-
poses a real-based mixed network structure in banks that consists of
series processes and parallel processes with shared resources. A rela-
tional decomposition network DEA model, as well as an additive ag-
gregation network DEA model, are developed to evaluate the
performance of this banking system. Section 3 provides the empirical

1 Compared to the revenue and profit from the traditional service businesses
of loans and mortgages, the revenue and profit from banks’ consumer finance
and wealth management departments have been growing much faster (Cook,
Hababou and Tuenter, 2000).
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Figure 2. A symbolized mixed network structure with shared resources for banks

results of 26 banks in Taiwan associated with some managerial impli-
cations. Final section is the conclusion.

2. Modelling Network DEA

After conducting targeted surveys with selected banking experts we
construct a symbolized mixed network structure shown in Figure 2. All
experts surveyed were senior executives at the management level in
Taiwan banking industry. They were chosen to answer questions in
banking operation decomposition. All of the questions are about pro-
cesses and resources of banking and only have yes/no answers. Finally,
we consult these experts about our framework to get advice. In
conjunction with the financial intermediate approach?, [24] we choose
labor, capital, and funds as inputs and loans, investments, and
non-interest income as outputs, respectively. Deposits are employed as
the intermediate product.

We assume that there is a set of n DMUs (decision-making units), and
that for each DMU; (j=1,2,..., n) the system consists of two parallel
operations. Operation I is a series process consisting of two stages. In
stage 1 (fund-rising stage), multiple shared inputs x;; (Iabor) and xy;
(capital) are used to produce output z; (deposits), which is an interme-
diate product that is also an input in stage 2. Stage 2 (fund-spreading
stage) has two parallel processes A (lending) and B (investing), in which
the former generates final output y;; by using shared inputs xy;, xo;, and
xg; (funds) along with the intermediate measure gz;, while the latter re-
sults in the final output yy; by utilizing shared inputs x;; and x3; and
intermediate product z;. Operation II has only process C (non-interest
based services), the shared inputs x;; and xy; are utilized to directly

2 There are several ways to model bank behavior and to set the input and
output variables. The production approach, financial intermediate approach,
and value added approach are the most common ways [3], Paradi et al., 2011,
and Avkrian, 2015).

produce the final output ys;.

Since inputs Xy, X2j, and x3; are shared by both operations, input x;; is
divided into four portions: ayxi, agxy, agxy, and
a4ix1j(0 < ayj, agj, azj,a4i <1 and agj+ az+ asi+ ag = 1), corre-
sponding to the portions used by stage 1, processes A, B, and C,
respectively. The shared input xy; is divided into three portions: f;xj,
Pajxaj, and Bgixa; (0 < Byj, By, fsj < 1, and pyj+ Py + P3 = 1), corre-
sponding to the portions used by stage 1, process A, and process C,
respectively. The shared input x is divided into yyxy and
72%3j(0 < 71j,75; < 1 and yq; + yo = 1), which are used respectively by
processes A and B. Intermediate measure z; is also shared by the two
processes A and B and is divided into 61;2; and 04z (0 < 61j,02; < 1 and
01j+ 637 = 1). Asin Chen at al. (2010), we assume that ayj, ay;, azjanday;
have upper and lower bounds as L < aj < Uj (=1, 2, 3, 4). Similarly,
Pnj, Pajandps; have upper and lower bounds as Lﬁ; <p < Ug (i=1, 2, 3);
r1j and y; have upper and lower bounds as L}; < y; < U}, (i=1, 2); and
o1jandoy; have upper and lower bounds as Lg <o < Ug. (i=1, 2).

If we consider operation I (stage 1), processes A and B, and operation
I (process C) as isolated “black-boxes”, based on the standard input-
oriented CCR model, the multiplier form of their efficiencies for a spe-
cific unit, namely DMU,, are:

e}) = max (#)
A1V X1 + B1oViX20
sty < apvixy + fiyvixy i
L(fj < Qay;j < Ullljvj M
Ly < py < ULYj

I v v
Visvy, 1 >0
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A= U1 Y10
o — max ] i 1 7]
A2V X10 +ﬁ20vz X2 + V10V3X30 + Ol 20
t e < vl 4 Bl xs: ! yrs 0z N
st uyy < vy Xy +/2jv2le +riv3xy + oy Y
a a .
Ly < ay < UyYj
()]

Ly < fy S ULYj
qu <7, < U]C'Vj
L}, <o, <UL

V/ R/ B S |
VI,VZ,V3,1’] s Ug 20

B _ U2Y20
€, = max 7] 7 7
A3,V X1o + V20V3X30 + 02,1 20
11 1 o0\
st wpyy < agvy Xy + vV + oo 4Vj
a (s .
L3j < a3; < U3jV] (3)

Ll < 72 < Ungj

2] —

L5, <oy < UgVj

V// B
V] 7V37’7 s Uy ZO

Usys
eoC = max( v ; 17
a4oV]1 Xl1o +ﬂ30v2 X20

st usyy < agvVxy + oy ;1)

. 4

Lffj <ay < UfijJ Q)
5 o

Léj < ﬂ3j < Ugjv]

Voo
vy vy, uz >0

where #* (a=1toII), vll’ (b=TItolV), V5 (c=1toIII), Vg (d=ItolD,u, (e
=1 to 3) are the weights for intermediate measures (z;), shared inputs,
(x1j, X25, x37), and outputs (y1j, y2j, ¥3j), respectively.

2.1. Relational decomposition network DEA

Several researchers (e.g., [11,25]) have concluded that separately
optimizing models (1), (2), (3) and (4) results in a misleading conclusion
of the intermediate measure z; due to the conflict in its role (z;is treated
as input and output). The centralized perspective, therefore, attempts to
determine a set of optimal weights on the intermediate measures that
maximize the aggregate or global efficiency score.

Similar to the assumptions of [26], as well as the centralized model in
[27], we assume that the weights for the intermediate measures (z;) are
equal for the two stages (' = 5! = ). We also assume that the weights
for all possible divisions of shared inputs (x1j,x2,X3;) are the same - that
is, # =Vl =yl =ylV =y, v =V =l = vy, and v} =V =3
because these are the same types of inputs. The idea of solving the whole
system efficiency and divisional efficiency can be following by [12].

In detail, we start from the overall efficiency for stage 2 that can be
defined as a weighted average of the efficiencies of the two processes A
and B: €2 = whe? + wBef where w* and wP are user-specified weights
such that w* + w® = 1. Since these weights are utilized to reflect the
relative importance of the performances of processes A and B in the
second stage (operation I), one rational selection of each weight is the
fraction of resources devoted to each process to total resources utilized
for stage 2.

A20V1X10+B2oV2X20 +71,V3X30 010120
= n =
wh (20030 V1 X106+ V2X20 +V3X30 H1Z0 and w?

where the numerators indicate the “size” of

Hence,

A30V1X101720V3X30 +0201120
(@20 +a30)V1X10 +BoV2X20+V3X30 +1120”

or amount of resources consumed by processes A and B, respectively,
while denominators reflects the total size of stage 2. The network model
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for stage 2 in operation I can be measured as:

& — U1y + Uaya )

& o 33
7 (@ F U30)ViX1, + Py Voo, + V3X3, + 12,

In a similar manner, we define the weights w! for stage 1 and w*for

stage 2 in the series process (operation I) as: w! =
@10V1X10Hf10V2X20 and w? = (@20 +030)V1X10+P20V2X20+V3X30 120

(@10+20+a30)V1 X107+ (P10 +h20 )V2X20 +V3X30” (@10+a20+30)V1X10+ (P10 Hh20)V2X20+V3X30"
Here, the relation between series (operation I) efficiency and divisions’
efficiencies can be expressed as 1 — el? = w!(1 — e})+ w?(1 — €2).
Thus, we propose model (6) to measure the efficiency of the series
process (operation I).

12 Y10 + UaY2o
0 = (6)
(1o + 2o + a30)viX10 + (By, + Pry) V220 + V3X3,

Since our structure contains of two parallel operations, we finally
define the

(@10+020 +30 V1 X10+(B10 P20 )V2X20 +V3X30 fi : C @40V1X10Hf30V2X20
or operation I, and w¢ = Je1 o Pt for
V1X10+V2X20 +V3X30 p 2 V1X10+V2X20 +V3X30

operation II (process C).
We now obtain the relationship between system efficiency and the

weights for each operation, that are w'?=

two operations’ efficiencies as: ey = wl‘ze(l)‘2+ weeS. Therefore, the
network model for this parallel system is proposed as:

¢, — max Y10 + UaY20 + U3Y30
ViX1o + VaXap + V3X3,

st nzp < agvixy + Byvaxg Vi
u1y1; < Qgvixy; + Povaxa; +¥yvaxs + 011z Vj
Uayzj < AyviXi; + ¥VaXsy + 0212V
usysj < Qgvixi; + PavaxaVj

ay + o)+ ay + ay = 1)

ﬁlj Jfﬁz,' +ﬂzj = le @
vyt = 1vj
0y + 0y = 1Vj

L < a; < Uti=1,2,3,4Y

ij
L < p; < Ui = 1,2,3Yj

L <y; < Uli=1,2Yj

LY <oy < USi = 1,2Y]
Vi, V2, V3, 1, Uy, Uy >0

We next adopt the Charnes-Cooper transformation [28] to convert
the fractional model (7) to model (8):

e, = max (i, Y10 + HyY20 + H330)
S.t. WXy, + Waxy, + W3x3, = 1
Zj — Aj01X); — ﬂlja)zxzj < 0vj
WY1 — Qgj1X1; — Poiaxaj — ¥1;03%3 — 67y < OV
HaYoj — Q3j01X1; — Yo;03X3; — 027z < OVj
H3y3j — Qaj01x1; — Pywaxy; < OV
ay; + oy + o3 + gy = 1V

ﬂlj +ﬁz,' +ﬂzj =1vj (8)
vyt = 1vj
01 + Oy = IV]

L <y < Ui =1,2,3,4Yj
L < p; < Uli=1,2,3Y
L <y, < Uhi=1,2Y

L <oy < Uji=1,2Y)

O, @2, O3, T, g, fy, iy > 0
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By letting a; = aymn(i=1,2,3,4), f; = fyoa(i=1,2,3), 7; =
ry@3(i = 1,2), and 6;1- = oyn(i = 1,2), model (8) can be linearized as:

€, = max (i, Yo + #r¥20 + H33)
St WXy, + 02Xz + @3X3, = 1
nz; — a yxy; — f 0 <OV
iy — ayxy = Bopxy — 70y — 01z < 0V
Hayj — O'3x1; — 7' yxy — 0'7 < O
Hyyy — @ axyj — fyxa; < 0V)
ayj+ady+dy+dy=mVj
ﬂ/v + ﬁ/zj + ﬂ/3j = o,V )
7/1,' + 7/2f = w3Vj
o'+ 0'y =nvj
Liw, < oy < Ujwii = 1,2,3,4Y)
Liwy <y < Ui = 1,2,3V)
Liws <7y < Ujwsi = 1,2V
Lin <oy < Ufmi = 1,2j
W1, 02,03, T, fiy, fo, 3 > 0

2.2. Additive aggregation network DEA

Based on [29], we develop an additive network model to measure the
efficiency of the network structure shown in Figure 2. Different to the
relational model, we define the overall efficiency of this system as a
weighted average of the serial and parallel component efficiencies: ey =
AM2Atel + 22(2%el + BeB)) + aC€C, where 44, 2B, A1, 22, 212, A€ are
constant weights selected by the user, which can be regarded as pref-
erences over the processes, that A4 + % =1; ' + 12 =1;22 + ¢ =1.
Thus, the additive network model is developed as:

Usys Z
e, = max{/lciy ° + A2 {/1‘4” °
QuoV1X10 + P3,V2%20 A1V1X1, + f1,V2X20

+ﬂz (/1,4 UiYio
A2V X1o + BogVaXao + V1,V3X30 + O10120

pu U2y )} }
A35V1X10 F ¥2,V3X30 + 020112,
st nz; < ayvixy + Pvaxg Vi
u1y1j < Qgvixy; + Povaxa; +v;vaXy + 01MzVj
Uy < AzviXyj + ¥ovaxs + 61z
usyy < agvixyj + fyvaxgVj

ay; +C(2j —+ a3 +C(4j = IVJ

B+ By + By =1V (10)
vyt = 1vj
01j + 035 = 1Vj

LI <a; < Ug.i =1,2,3,4vj

y

P (- ;
L < p; < Ui =1,2,3V)

L.

ij S}’tj < U;'/,'i: 1,2vj

Lo < 0y < Ugi=1,2Y]

P =1
A+ =1
M4 =1

Vi, V2, V3,1, Ur, iy > 0
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To solve this type of additive models, both [30] and [20] respectively
proposed two heuristic methods to obtain approximate optimal solu-
tions. In this study we extend the parametric linear method of [20] to a
mixed additive model (10).

First, let denote a; = ayvi(i =1,2,3,4), f; = fva(i=1,2,3), 7; =

2o 0y =
! B -
a 1axlu+ﬂ’ 10X20

. Then, by employing the

ryvs(i= 1, 2), o; = oyn(i=1,2) and consider6; =

Wy, _ Y2
& 20X10+5 20X20+7 16X30+0 1070 @ 30X10+7 20X30+6 20%6
Charnes-Cooper transformation, we obtain the following parametric

linear model regarding 6;(i = 1,2, 3).

e, = max{A(uzys,) + 2" [2'0, + 12 (30, + 2°65) | }
$8.0 4010 + 3% = 1

2o — 01(&10X10 + B 1,%20) = 0

1o = 02(020X10 + P 2%20 + 71,530 + 0 102,) = 0
Wy20 — 03(A'30x10 + 7' 20%30 + 06'202,) =0

Nz — a'yxy — fx < OV

wyy — &oxyy — fony — 7163 — 0’1z < 0V
Upyy; — &' 3xyj — ¥ 5x3 — 032 < OYj

usys; — o Xy — ﬂ/asz,‘ < 0vj
ayj+ay+ay+dy =V

g T /”/2,' + /},3,' =wnVj

7/1‘,' + 7’/2,' =V

o'+ 'y =nvj

Livi <dy < Ugwii = 1,2,3,49j

(11)

Ljvy < By < Ujnai = 1,2,3Yj
Livs <y < Ulvsi = 1,2V
Lin <oy < Upni = 1,2V)

P+t =1
A+ =1
M 4af =1

0<6,<1i=1,23

V1, V2, V3, 1, Uy, Ua, 4z > 0

[20] provided the upper and lower bounds of their searching
parameter by using leader-follower models ([27]). However, this
technique for the basic two-stage model cannot be used on a mixed
multistage model (11), since the shared resources related to each stage
may lead to an unidentifiable relationship between leader and follower.
Fortunately, we know that the stage efficiencies of the network model
(13) do not exceed those of their corresponding black box - that is,
01 <el', 0, <e, and 05 < 8, where e}, /", and 5" are the optimal
efficiency values of models (1.1-1.3), respectively. The parameters
must satisfy these relationships: 6; € (0, el’], 6, € (0, e2"], and 65 € (0,
).

Based on professional judgement by experts, who are senior execu-
tives at the management level, we set the weights 1'2 = 0.8,1° = 0.2,
and A! = 22 = 22 = 28 = 0.5 (that is, process A, process B, stage 1, and
stage 2 have the same weights in the objective function). In the calcula-
tions, we set parameters ¢;i = 1,2, 3 inmodel (13) as #; =el" — 0.001*z;,
0, = eA" — 0.001%t,, and 03 = eB" — 0.001%¢3, respectively. The number
of iterations is t;*ty*t3. When all the three parameters 6;i=1,23
approach the lower bounds of 0, the algorithm ends. We treat the
maximal value of the t; *to*t3 calculations as the global optimal solution
for model (11).
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Table 1
Variable definitions and descriptive statistics
Variables Definition (from TEJ) Mean Sta. error Min Max
Inputs Labor** (x;) Number of employees 4.724 2.943 0.873 12.848
Capital* (x2) Total fixed assets 13.749 11.828 0.862 49.743
Fund* (x3) Rest of borrowed funds excluding deposits 159.417 145.448 5.388 652.359
Intermediate Deposit* (2) Deposits from mutual loans accounts 985.918 729.112 120.881 2734.383
Outputs Loan* (y;) Net loans, discounted and bills purchased 751.739 572.219 98.768 2011.474
Investment* (y2) Investment 270.617 203.265 25.866 930.466
Non-interest Income* (y3) Net commission income 5.459 5.775 0.458 34.694

Note: *: Measured by millions of New Taiwan dollars. **: Measured by thousands of people.

3. Empirical results of Taiwan Banks

There is some controversy in the literature when seeking the unique
set of criteria for inputs and outputs of banking ([3]). It is common to
select resources employed as inputs and some financial indices as out-
puts®. This paper follows the financial intermediate approach to choose
inputs (labor, capital, and funds), outputs (loans, investments, and
non-interest income) and intermediate product (deposits). We use data on
26 banks in Taiwan, obtained from Taiwan Economic Journal (TEJ)
database from 2013 to 2015%, to show the characteristics of our two new
models. The basic statistics of the key variables are shown in Table 1.

3.1. Results of mixed network framework

For the relational model (9), the empirical results are presented in
Table 2 and Table 3. We find that not many DMUs can reach the overall
efficient state unless all their components are efficient. Indeed, the
numbers of efficient DMUs are only 1, 1, and 2 for year 2013, 2014 and
2015, respectively”.

The average performance of 26 banks from 2013 to 2015 are consis-
tent with their performance in 2014, as shown in Table 3. For 2014 case,
the only DMU to reach a unique overall efficiency score (eg) is DMU 24,
where all 3 sub-systems (e}, €2, and ey?) and all 3 sub-processes (ef,
e5 and ef) are found to be efficient. The results fit completely with the
argument of [19], who claimed that system efficiency can only be ob-
tained if all decomposition efficiencies are also efficient.

For the 2" highest efficient DMU (DMU 11), we find that the in-
efficiency of the B process in stage 2 (e5) causes its stage-2 subsystem
(eg) to be inefficient, as a result its series process (e(l,‘z) is also inefficient.
Therefore, the key factor for improving its system efficiency is its per-
formance of the B process in stage 2 (e5). Therefore, the advantage of the
relational DEA model is its sharp discriminating power in identifying
which branches are the critical factors to pull down overall efficiency.

For the additive aggregation model (11), the empirical results of
2014 and the average results of 2013 to 2015 are shown in Table 4 and
Table 5. The numbers of efficient DMUs are 0, 1, and 2 for years 2013,
2014 and 2015, respectively.

The average performances of all banks from 2013 to 2015 are
consistent with the performances in 2014, shown in Table 5. For 2014
case, the only DMU to reach an efficient system (eq) is DMU 24 again with
all its components being efficient. DMU 11 is again the 2™ highest

% While labor and capital are the most common inputs variables, many
studies also choose funds, non-interest expense, time, and/or number of
transactions as additional inputs. Regarding outputs, it is common to set loans,
investments, and non-interest income as key variables. However, interest in-
come, checks, mutual funds, mortgages, share of stock, EPS, and so on are also
selected as outputs (Seiford and Zhu, 1999).

4 Tajwan has 39 domestic commercial banks in which 16 are a part of
financial holding companies (FHC) by 2017. Due to data constraints, we only
collect the data of 26 banks from 2013 to 2015.

5 We only show the result of 2014 to save space. Empirical results of 2013
and 2015 are available upon request by email.

efficient DMU. The critical problem resulting in overall inefficiency is
again the inefficiency of the B process in stage 2 (e§), which leads to both
e2 and e} being inefficient.

Therefore, the additive model also has a sharp discriminating power
in identifying which process and sub-branches diminish the overall
efficiency.

The results found for all efficiency scores of the additive aggregation
model are indeed very similar with those of the relational decomposition
model. However, in most cases, we find that the scores generated from
the relational model are comparatively smaller than those from the
additive model.

3.2. Comparisons of 4 models

In order to emphasize the advantages and explanatory power of our
two models, we compare the performance indices of the following four
DEA models in 2014: (1) CCR model without considering intermediate
processes; (2) a simple two-stage network DEA model (simplified as two-
stage NDEA; [11]); (3) the relational decomposition network DEA
model; and (4) the additive aggregation network DEA model.

Table 6 lists the results of banks’ overall efficiency and main
branches’ efficiency scores in 2014. We find that the results of the first
two models are similar, while the results of the other two models are
very close. Statistically, the p-value of non-parametric paired Wilcoxon
Signed Rank test of difference between relational model and additive
model is 0.8119, which indicates regardless of model utilized to solve
our proposed framework, bank’s managers should have the same insight
about the performance, and hence, relative ranking of their organiza-
tion. Similarly, there is not enough evidence (only at most 10.24
percent) to declare that there is a significantly difference between
“black-box” and “simple two-stage” models. The two-stage network
framework theoretically has more logical meaning, though, when facing
with real situation, it is not necessary to have better discriminable power
(see Appendix Table 8).

Figure 3 illustrates the trends of system efficiency scores of the 4
models for all 26 DMUs. We find that the scores of our 2 models always
lie below those of CCR or two-stage DEA models. Furthermore, the gap
between the lines represented in our models and those of the two
traditional models is apparent. Following the work of [31], we again
conduct the Wilcoxon Signed Rank test and find that even at 0.1 percent
of significant level, the efficiency scores derivate from our reality
framework are empirically lower than those of purely theoretical-based
models. This finding is consistent with [11] and [25] who proved that
when the internal process is neglected or oversimplified, optimistic in-
formation tends to be more frequently generated.

Our comparison can go even further using the descriptive statistics of
the efficiency scores of the 4 models, as shown in Table 7. In terms of the
number of efficient DMUs, the CCR model generates 6 and two-stages
DEA produces 5, while both of our two new models only generate one
each. In terms of average efficiency scores, CCR (0.920) and two-stage
NDEA (0.925) are very close, likewise, the differences between our
two new models are relatively small (0.818 and 0.808, respectively).

For the dispersion of the scores’ distribution, firstly, the minimum
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Table 2
Efficiency scores of the relational decomposition model — 2014

DMU  Name eo e} w! el wA eb wh e2 w? er? w2 e§ wC

1 Chang Hwa Bank 0.815 0.581 0.315 0.999 0.687 0.871 0.313 0.959 0.868 0.833 0.872 0.692 0.128
2 Standard Chartered 0.768 0.659 0.245 0.646 0.581 0.980 0.419 0.786 0.916 0.720 0.826 0.994 0.174
3 KTB 0.784 0.646 0.226 0.701 0.650 0.994 0.350 0.803 0.920 0.739 0.795 0.956 0.205
4 Taichung Bank 0.906 0.937 0.115 1.000 0.809 0.508 0.191 0.906 0.993 0.899 0.922 0.980 0.078
5 Taiwan Business Bank 0.844 0.591 0.335 0.998 0.752 0.966 0.248 0.990 0.863 0.854 0.899 0.757 0.101
6 Bank of Kaohsiung 0.952 0.905 0.115 0.994 0.721 0.923 0.279 0.974 0.989 0.963 0.951 0.727 0.049
7 KGI Bank 0.785 0.273 0.108 0.815 0.667 0.994 0.333 0.875 0.922 0.806 0.917 0.548 0.083
8 Union Bank of Taiwan 0.524 0.226 0.258 0.568 0.731 0.844 0.269 0.642 0.801 0.514 0.924 0.647 0.076
9 Far Eastern Bank 0.770 0.818 0.221 0.840 0.637 0.609 0.363 0.756 0.960 0.726 0.813 0.966 0.187
10 Ta Chong Bank 0.637 0.606 0.182 0.498 0.748 0.989 0.252 0.622 0.928 0.577 0.858 1.000 0.142
11 En Tie Bank 0.990 1.000 0.459 0.999 0.788 0.928 0.212 0.984 1.000 0.984 0.663 1.000 0.337
12 Shin Kong Bank 0.752 0.424 0.213 0.902 0.743 0.660 0.257 0.840 0.877 0.737 0.929 0.952 0.071
13 O-Bank 0.726 0.533 0.310 0.565 0.522 0.976 0.478 0.762 0.855 0.651 0.786 1.000 0.214
14 Cathay United Bank 0.797 0.715 0.231 0.695 0.616 1.000 0.384 0.812 0.934 0.759 0.832 0.986 0.168
15 Taipei Fubon Bank 0.869 0.810 0.221 0.823 0.693 0.999 0.307 0.877 0.958 0.840 0.820 1.000 0.180
16 Hua Nan Bank 0.905 0.882 0.244 0.970 0.693 1.000 0.307 0.979 0.971 0.951 0.837 0.669 0.163
17 China trust Bank 0.834 0.534 0.325 0.883 0.654 0.997 0.346 0.922 0.849 0.783 0.736 0.976 0.264
18 Mega Bank 0.919 0.994 0.480 0.961 0.773 0.667 0.227 0.894 0.997 0.891 0.744 1.000 0.256
19 First Bank 0.868 0.564 0.339 0.999 0.691 0.999 0.309 0.999 0.853 0.852 0.890 1.000 0.110
20 E. Sun Bank 0.869 0.628 0.292 0.900 0.624 0.999 0.376 0.938 0.892 0.836 0.799 1.000 0.201
21 Tai Hsin International Bank 0.693 0.384 0.331 0.707 0.701 0.999 0.299 0.794 0.796 0.632 0.835 1.000 0.165
22 Bank Sino Pac 0.859 0.722 0.281 0.924 0.630 0.940 0.370 0.930 0.922 0.857 0.819 0.868 0.181
23 Jih Sun Bank 0.738 0.172 0.217 0.894 0.731 0.983 0.269 0.918 0.821 0.753 0.941 0.490 0.059
24 Yuanta Bank 1.000 1.000 0.211 1.000 0.768 1.000 0.232 1.000 1.000 1.000 0.903 1.000 0.097
25 Taiwan Cooperative Bank 0.711 0.572 0.344 0.999 0.674 0.415 0.326 0.809 0.853 0.690 0.922 0.966 0.078
26 Shanghai Commercial and Savings Bank  0.941 0.925 0.250 0.920 0.646 1.000 0.354 0.948 0.981 0.931 0.859 1.000 0.141
Average 0.818 0.658 0.264 0.854 0.689 0.894 0.310 0.874 0.912 0.799 0.849 0.891 0.150

values of CCR (0.672) and the simple two-stage model (0.732) are
higher than the ones of our two models (0.524 and 0.554, respectively).
Secondly, the standard deviations of the efficiency scores from the first
two models (0.086 and 0.076) are smaller than our two models (0.110
and 0.115).

While the simple two-stages DEA model returns in no better
explanatory power than the traditional black-box model, the two new
proposed models provide superior results. Through constructing real
and complex network structure of the production, the discriminating
power of network DEA models can be significantly increased because the

simplified structures are more likely to overestimate the real perfor-
mance, and result in a less reliable solution.

3.3. Management implication

For banking management, not only the overall performance but also
division performances need to be evaluated in order to generate higher
profits. However, it becomes more and more important in banking in-
dustries to identify division and sub-division efficiencies. The empirical
findings of this paper help us distinguish the new trend in Taiwan

Table 3
Average efficiency scores of the relational decomposition model -2013-2015

DMU  Name eo e} w! el wA eb wh e? w? e’ w2 e§ w€

1 Chang Hwa Bank 0.824 0.635 0.292 0.946 0.701 0.911 0.299 0.934 0.892 0.833 0.881 0.778 0.119
2 Standard Chartered 0.721 0.506 0.296 0.645 0.589 0.993 0.411 0.788 0.850 0.670 0.840 0.992 0.160
3 KTB 0.767 0.589 0.252 0.716 0.645 0.958 0.355 0.800 0.895 0.718 0.806 0.984 0.194
4 Taichung Bank 0.939 0.963 0.088 1.000 0.789 0.681 0.211 0.938 0.997 0.935 0.941 0.993 0.059
5 Taiwan Business Bank 0.847 0.642 0.310 0.999 0.717 0.889 0.283 0.966 0.888 0.858 0.893 0.772 0.107
6 Bank of Kaohsiung 0.884 0.779 0.178 0.994 0.689 0.798 0.311 0.935 0.950 0.891 0.936 0.743 0.064
7 KGI Bank 0.814 0.539 0.080 0.754 0.626 0.996 0.374 0.836 0.972 0.812 0.941 0.824 0.059
8 Union Bank of Taiwan 0.542 0.274 0.206 0.568 0.732 0.848 0.268 0.643 0.847 0.543 0.917 0.598 0.083
9 Far Eastern Bank 0.767 0.700 0.274 0.838 0.682 0.754 0.318 0.800 0.908 0.720 0.809 0.966 0.191
10 Ta Chong Bank 0.632 0.523 0.220 0.650 0.606 0.706 0.394 0.640 0.890 0.568 0.853 1.000 0.147
11 En Tie Bank 0.995 1.000 0.463 1.000 0.773 0.965 0.227 0.992 1.000 0.992 0.676 1.000 0.324
12 Shin Kong Bank 0.841 0.669 0.138 0.947 0.744 0.699 0.256 0.878 0.945 0.831 0.938 0.960 0.062
13 O-Bank 0.796 0.563 0.263 0.726 0.408 0.958 0.592 0.853 0.884 0.755 0.818 0.968 0.182
14 Cathay United Bank 0.820 0.718 0.251 0.771 0.573 0.981 0.427 0.858 0.920 0.789 0.827 0.973 0.173
15 Taipei Fubon Bank 0.893 0.765 0.246 0.893 0.665 0.999 0.335 0.927 0.941 0.871 0.820 0.992 0.180
16 Hua Nan Bank 0.893 0.726 0.292 0.990 0.685 0.999 0.315 0.992 0.916 0.909 0.869 0.813 0.131
17 China trust Bank 0.849 0.599 0.308 0.890 0.655 0.924 0.345 0.901 0.876 0.790 0.705 0.992 0.295
18 Mega Bank 0.940 0.988 0.399 0.987 0.739 0.760 0.261 0.930 0.994 0.925 0.779 0.982 0.221
19 First Bank 0.872 0.624 0.326 0.999 0.676 1.000 0.324 1.000 0.869 0.869 0.878 0.935 0.122
20 E. Sun Bank 0.867 0.591 0.321 0.967 0.600 0.999 0.400 0.979 0.865 0.846 0.785 0.956 0.215
21 Tai Hsin International Bank 0.691 0.427 0.304 0.691 0.684 0.932 0.316 0.767 0.824 0.631 0.833 0.988 0.167
22 Bank Sino Pac 0.891 0.760 0.272 0.955 0.628 0.936 0.372 0.946 0.930 0.880 0.836 0.954 0.164
23 Jih Sun Bank 0.683 0.225 0.200 0.872 0.671 0.713 0.329 0.812 0.842 0.680 0.947 0.748 0.053
24 Yuanta Bank 0.963 0.949 0.188 1.000 0.705 0.913 0.295 0.977 0.990 0.967 0.899 0.943 0.101
25 Taiwan Cooperative Bank 0.711 0.552 0.356 0.999 0.697 0.424 0.303 0.823 0.840 0.692 0.920 0.929 0.080
26 Shanghai Commercial and Savings Bank  0.950 0.953 0.223 0.963 0.611 1.000 0.389 0.977 0.988 0.965 0.851 0.895 0.149
Average 0.823 0.664 0.259 0.875 0.665 0.874 0.335 0.880 0.912 0.805 0.854 0.911 0.146
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Table 4
Efficiency scores of the additive aggregation model — 2014

DMU Name eo e e el e% e(l].z eg

1 Chang Hwa Bank 0.745 0.581 0.999 0.871 0.935 0.758 0.692
2 Standard Chartered 0.790 0.659 0.657 0.980 0.819 0.739 0.994
3 KTB 0.793 0.646 0.720 0.994 0.857 0.752 0.956
4 Taichung Bank 0.880 0.937 1.000 0.546 0.773 0.855 0.980
5 Taiwan Business Bank 0.828 0.604 1.000 0.966 0.983 0.793 0.969
6 Bank of Kaohsiung 0.926 0.905 1.000 0.923 0.962 0.933 0.898
7 KGI Bank 0.586 0.273 0.843 0.994 0.918 0.596 0.548
8 Union Bank of Taiwan 0.554 0.280 0.718 0.844 0.781 0.531 0.647
9 Far Eastern Bank 0.816 0.818 0.906 0.575 0.741 0.779 0.966
10 Ta Chong Bank 0.750 0.606 0.550 0.989 0.769 0.688 1.000
11 En Tie Bank 0.986 1.000 1.000 0.928 0.964 0.982 1.000
12 Shin Kong Bank 0.713 0.524 0.902 0.660 0.781 0.653 0.952
13 O-Bank 0.764 0.533 0.778 0.976 0.877 0.705 1.000
14 Cathay United Bank 0.826 0.715 0.714 1.000 0.857 0.786 0.986
15 Taipei Fubon Bank 0.891 0.810 0.835 0.999 0.917 0.864 1.000
16 Hua Nan Bank 0.884 0.882 0.987 1.000 0.993 0.938 0.669
17 China Trust Bank 0.785 0.534 0.883 0.997 0.940 0.737 0.976
18 Mega Bank 0.931 0.994 1.000 0.667 0.833 0.914 1.000
19 First Bank 0.845 0.613 0.999 1.000 1.000 0.807 1.000
20 E. Sun Bank 0.831 0.628 0.900 1.000 0.950 0.789 1.000
21 Tai Hsin International Bank 0.714 0.361 0.849 0.999 0.924 0.642 1.000
22 Bank Sino Pac 0.835 0.722 0.924 0.940 0.932 0.827 0.868
23 Jih Sun Bank 0.603 0.309 0.926 0.983 0.954 0.632 0.490
24 Yuanta Bank 1.000 1.000 1.000 1.000 1.000 1.000 1.000
25 Taiwan Cooperative Bank 0.755 0.719 0.957 0.415 0.686 0.702 0.966
26 Shanghai Commercial and Savings Bank 0.966 0.925 0.979 1.000 0.990 0.957 1.000
Average 0.808 0.676 0.886 0.894 0.890 0.783 0.906

banking industry, and suggest that banking management may readjust
their resource distribution and formulate new business strategies
accordingly.

Fig. 4 and Fig. 5 illustrate the average divisional efficiency scores and
their weights for 26 banks in Taiwan generated by relation model from
2013 to 2015. The results indicate some important implications for
banking management.

First, the “fund-raising” process is not only less important but also
worse performing than the “fund-spreading” process in a practical sense
w! < w?ande! < &2). Furthermore, “fund-raising” is the least efficient

process among others in the banking’s operation (approximately 0.7).
This suggests Taiwan banks can significantly enhance their performance
by expanding the deposit mobilization activities through various chan-
nels by utilizing information and technology.

Secondly, as for two traditional businesses of Taiwan banks, being
credit and investment, the comparison of w and w? illustrates that the
“crediting” process contributes much more to efficiency than the
“investing” process does. Regarding the efficiency of these processes,
investing process slightly outperforms crediting process (0.89 vs 0.85).
This encourages banks’ managers to restructure the resources in order to

Table 5
Average efficiency scores of the additive aggregation model - 2013-2015

DMU Name eo e eé el e% eé‘z eg

1 Chang Hwa Bank 0.785 0.635 0.968 0.911 0.940 0.787 0.778
2 Standard Chartered 0.749 0.554 0.653 0.993 0.823 0.689 0.992
3 KTB 0.772 0.589 0.739 0.958 0.849 0.719 0.984
4 Taichung Bank 0.925 0.963 1.000 0.705 0.853 0.908 0.993
5 Taiwan Business Bank 0.823 0.646 0.988 0.889 0.938 0.792 0.948
6 Bank of Kaohsiung 0.893 0.910 0.894 0.920 0.907 0.908 0.833
7 KGI Bank 0.699 0.452 0.844 0.922 0.883 0.667 0.824
8 Union Bank of Taiwan 0.555 0.324 0.709 0.848 0.778 0.551 0.572
9 Far Eastern Bank 0.814 0.754 0.852 0.742 0.797 0.775 0.966
10 Ta Chong Bank 0.706 0.539 0.659 0.792 0.725 0.632 1.000
11 En Tie Bank 0.993 1.000 1.000 0.965 0.983 0.991 1.000
12 Shin Kong Bank 0.836 0.773 0.947 0.704 0.825 0.799 0.983
13 O-Bank 0.840 0.700 0.838 0.992 0.915 0.808 0.968
14 Cathay United Bank 0.835 0.718 0.768 1.000 0.884 0.801 0.973
15 Taipei Fubon Bank 0.884 0.765 0.901 0.999 0.950 0.857 0.992
16 Hua Nan Bank 0.856 0.736 0.995 0.999 0.997 0.866 0.813
17 China Trust Bank 0.801 0.599 0.890 0.924 0.907 0.753 0.992
18 Mega Bank 0.944 0.988 1.000 0.760 0.880 0.934 0.982
19 First Bank 0.857 0.685 0.979 1.000 0.989 0.837 0.935
20 E. Sun Bank 0.876 0.768 0.880 0.999 0.940 0.854 0.964
21 Tai Hsin International Bank 0.707 0.419 0.777 0.932 0.855 0.637 0.988
22 Bank Sino Pac 0.873 0.760 0.955 0.936 0.945 0.853 0.954
23 Jih Sun Bank 0.615 0.291 0.873 0.875 0.874 0.582 0.748
24 Yuanta Bank 0.980 0.963 0.972 1.000 0.986 0.975 1.000
25 Taiwan Cooperative Bank 0.753 0.730 0.980 0.397 0.688 0.709 0.929
26 Shanghai Commercial and Savings Bank 0.957 0.953 0.983 1.000 0.992 0.972 0.895
Average 0.820 0.701 0.886 0.891 0.889 0.795 0.923
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DMU Name CCR Two-stage NDEA Relational model Additive model
Rank eo Rank ey Rank eo Rank eo

1 Chang Hwa Bank 18 0.906 16 0.929 14 0.815 21 0.745
2 Standard Chartered 1 1.000 6 0.997 19 0.768 16 0.790
3 KTB 20 0.899 20 0.889 17 0.784 15 0.793
4 Taichung Bank 1 1.000 1 1.000 6 0.906 8 0.880
5 Taiwan Business Bank 8 0.986 10 0.970 12 0.844 12 0.828
6 Bank of Kaohsiung 1.000 1 1.000 3 0.952 5 0.926
7 KGI Bank 10 0.982 9 0.975 16 0.785 25 0.586
8 Union Bank of Taiwan 26 0.672 26 0.732 26 0.524 26 0.554
9 Far Eastern Bank 17 0.910 19 0.897 18 0.770 14 0.816
10 Ta Chong Bank 24 0.782 25 0.787 25 0.637 20 0.750
11 En Tie Bank 1 1.000 1 1.000 2 0.990 2 0.986
12 Shin Kong Bank 23 0.834 21 0.879 20 0.752 23 0.713
13 O-Bank 12 0.952 23 0.803 22 0.726 18 0.764
14 Cathay United Bank 21 0.872 18 0.901 15 0.797 13 0.826
15 Taipei Fubon Bank 16 0.913 14 0.933 8 0.869 6 0.891
16 Hua Nan Bank 9 0.986 8 0.988 7 0.905 7 0.884
17 China Trust Bank 13 0.932 15 0.930 13 0.834 17 0.785
18 Mega Bank 7 0.990 7 0.994 5 0.919 4 0.931
19 First Bank 14 0.927 13 0.937 10 0.868 9 0.845
20 E. Sun Bank 11 0.963 11 0.965 9 0.869 11 0.831
21 Tai Hsin International Bank 25 0.745 24 0.799 24 0.693 22 0.714
22 Bank Sino Pac 19 0.899 17 0.928 11 0.859 10 0.835
23 Jih Sun Bank 22 0.842 22 0.853 21 0.738 24 0.603
24 Yuanta Bank 1.000 1 1.000 1 1.000 1 1.000
25 Taiwan Cooperative Bank 15 0.925 12 0.953 23 0.711 19 0.755
26 Shanghai Commercial and Savings Bank 1 1.000 1 1.000 4 0.941 3 0.966

take advantage of investment business.

Third, our empirical result advocates the benefit of other fee-based
services (). With the growth in financial technology (Fintech) in
Taiwan, numerous new financial products have been born (e.g.,
providing credit cards, cash cards, trusts, wealth management), and the
quality of those products is continuously improving. This business
enjoys the highest efficiency score when compared to other traditional
businesses. As can be seen in Figure 4, the service activates of all banks
in Taiwan always outperform other processes. Especially, in 2015, the
efficiency score of this business of Taiwan banks rockets to a very high
level of approximately 0.96. Unfortunately, in comparison with tradi-
tional banking services, the size of this non-interest earning activity is
quite small (0.15 vs 0.85). In the context of intense competition in
banking industry, it suggests that Taiwan banks should shift resources to
strengthen the importance and contribution of this business.

Fourth, a close examination of “low-efficiency” banks (those whose
scores are less than 0.7), suggests that while Banks 10 and 21 seem to
streamline their non-interest services, those of Bank 8 are not only very
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inefficient but also have poorly distributed resources (¢ and w* are 0.65
and 0.076, respectively). Furthermore, it is apparent that the in-
efficiency of these banks is mostly due to “credit activities” (e!s and e of
these banks are relatively low). Therefore, in order to catch up to the
level of high performing banks, these banks should not only improve the
quality of “collecting deposits” process, but also expand loan activities
while focusing on controlling underperforming loans.

4. Conclusions and Future Research Directions

Internal operational processes in the banking system are complicated
and have not been well studied in previous literature. This study pro-
poses relational decomposition and additive aggregation network DEA
models to measure the efficiency of a banking system, with a mixed
network structure consisting of series processes and parallel processes
with shared input resources. In the two approaches, the system effi-
ciency as well as all component efficiencies can be reliably derived and
obtained.

123456 7 8 91011121314151617 181920 2122 23242526

CCR — — 2-stage NDEA

Relational model <«ceeeee- Additive model

Fig. 3. System efficiency scores of the 4 models
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Table 7
Descriptive statistic of efficiency score — Comparing 4 models - 2014

CCR Two-stage NDEA Relational model Additive model

Mean 0.920 0.925 0.818 0.808
Median 0.930 0.935 0.824 0.821
Sta. Error 0.086 0.076 0.110 0.115
Min 0.672 0.732 0.524 0.554
Max 1 1 1 1

# of efficient DMUs 6 5 1 1

By comparing the results of four types of models in the non-
parametric Wilcoxon signed-ranks test, we find that: (1) the compo-
nent efficiency scores of the relational decomposition model are closely
consistent with those of the additive aggregation model; (2) the results
of the conventional CCR model are consistent with the simple two-stage
model; and (3) the results of the relational and additive models are
different from those of CCR and two-stage models. Moreover, our
empirical results of the two new models show that only one or two DMUs
for each year can reach the overall efficient state, as all components
must be efficient to achieve this. However, the CCR model and the two-
stage DEA model produce greater numbers of efficient banks than our
two new models. The results show the efficiency evaluations of the CCR
models and the simple two-stage DEA models are overestimated due to
the intermediate processes either being neglected or oversimplified.
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Conversely, the discriminating power of our new network DEA models
for mixed structure is significantly stronger.

Our research also has a significant contribution in terms of mana-
gerial implications for Taiwan banks. By evaluating the divisional effi-
ciencies and their contribution to the overall efficiency, we propose that
the quality of credit business of Taiwan banks can be improved, espe-
cially the “collecting deposit” process. Furthermore, bank’s managers
should pay attention to re-allocating recourses from traditional banking
products to other fee-based services. As for performance evaluation
experts, the similarity of our two models suggests that it is necessary to
first build an appropriate assessment system based on real situation
before extracting any technical measurement approaches.

This study discusses a mixed network structure in baking system
composed of series processes and parallel processes, and all components
of this system have shared resources. However, sometimes a DMU may
have functions or special task forces in each component. In other words,
real operation in banks may be more complex, not restricted as the
mixed structure of serial and parallel processes. For example, general
multistage serial and parallel processes, multistage processes with
feedbacks studied in [32], and other general multistage processes ([33]).
Generally, different components in banking system may have different
operational processes in real-world situations. How to measure the ef-
ficiency of such banking systems and how to identify the efficiency re-
lationships between the system and all components are challenges for

2015
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Fig. 4. Average system and divisional efficiency in relational model

1.000

@ === ==

o= — — ——
0.800

@-———mmmmmm———=—=
0.600
0.400

@ :ovccerenrenccnccnccnctaninsenne
0.200
0.000

2013
@ Wl —=@=-Wa Wh

@ m i m == -
*-——————0
O

----- -
@ cccctetiiiiiiiiiiiiiiiiiaa, Y

2014 2015

- 0- W2 —e— W12 We

Fig. 5. Average division weights in relational model
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Table 8
Wilcoxon Signed Rank Test

CCR Two-stage Relational model Additive model

NDEA

CCR -

Two-stage NDEA 0.8976 -

Relational model 0.0005*** 0.0002%** -

Additive model 0.0003*** 0.0001*** 0.8119 -

Note: (1) The numbers shown in the table are the p-value of the test; that is; p > |z|.
(2) *** denotes that the null hypotheses are rejected at the 1% significance level.

our future research.
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