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ABSTRACT

The banking industry in Taiwan is dramatically competitive and there many related
financial problems. To enhance financial competitiveness, banks in Taiwan must be flexible
and capable of undertaking various strategic initiatives. The purpose of this paper is to study
the operating efficiency of Taiwan’'s banking system during period of financial crisis, and to
discuss the influences affecting the systems operating efficiency. Successful banks are
characterized by high operating efficiency and relatively low risk. This paper also discusses
the relationship between operating efficiency and risk of individual banks and provides
suggestions for improving their operating efficiency.

This study separates banks into two categories; (1) banks operating under a financial
holding company which consists of 13 banks and (2) those banks which are operating
independently consisting of 12 banks. The sampling period was from CY 2006 through 2009.
To start with, input oriented DEA approach is used to anayze the operating efficiency, pure
technical efficiency and scale efficiency. The input variables include; fixed assets, deposits,
interest expense and other operating expenses; outputs consist of loans, investments and
operating incomes. Further, window analysis is used to evaluate the relationship between
operating efficiency and risk for each individual bank contained in this study. In the fina
stage, the Malmquist Productivity Index is employed to examine the trend of productivity
change.

The results suggest that: (1) the banks operating under a financial holding company
perform better and are more stable than independent banks in terms of technical, pure
technical, and scale efficiency during periods of financial crisis, due to larger loan services
with relatively low risk. (2) The banks under a financial holding company are typified by
high and stable operating efficiency in the high-risk environment, because their operating
scale is larger enough to distribute operational risks. (3). With regard to resource allocation
and utilization, improvement of administrative skills, and product innovation, the
productivity of the banks under a financial holding company tend to mature and outperform
independent banks.

Keywords: Data Envelopment Analysis Financial Crisis Financial Holding Company
Independent Bank Performance Evaluation Malmquist Productivity I ndex
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Banksunder FHCs

I ndependent Banks

62,094,756,000 54,855,000,000

Chang Hwa Bank Taiwan Cooperative
Bank

49,490,000,000 5,257,981,950
First Bank Bank of Kaohsiung

37,809,000,000 23,188,244,290
Hua Nan Bank Union Bank of Taiwan

64,109,878,380 19,337,974,630
Mega I nternational Far Eastern International
Commercia Bank Bank

33,624,000,000 29,646,307,660
Sun Bank Ta Chong Bank

49,157,525,710 16,234,638,580
Taishin International Cosmo Bank
Bank

47,948,870,450 19,579,100,500
Fubon Bank EnTie Bank

75,103,257,390 38,735,980,000
Chinatrust Bank Talwaness Business

Bank

13,195,571,620 2,100,000,000
Jih Sun International International Bank of
Bank Taipei

21,500,000,000 13,719,005,760
Yuanta Bank Taichung Bank

48,218,469,120 29,105,719,760
SinoPac Bank Standard Chartered Bank

32,042,022,720 10,512,342,650
Shin Kong Bank King's Town Bank

52,277,025,860

Cathay United Bank
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1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 0.962 | 0.952 | 0.989
0.656 | 0566 | 0.663 | 0618 | 0719 | 0.806 | 0.660 | 0.483 | o646
0634 | 0633 | 0631 | 0617 | 0637 | 0809 | 0658 | 0525 | 0643
0845 | 0.755 | 0.780 | 0966 | 1.000 | 1.000 | 1.000 | 1.000 | 0918
0887 | 0989 | 0923 | 0851 | 0.998 | 1.000 | 0.978 | 0811 | 0930
1.000 | 1.000 | 1.000 | 0938 | 0872 | 0917 | 0903 | 0918 | 0944
1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
0993 | 0999 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 0.999
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4.2.2

4.5
4.4 4.5

2008

4.3

4.5
4.6

2008

48

BBC
4.4

4.6

1991



4.3 _2006~2007

2006 2006 2007 2007

DMU

1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 0.991 | 0.987 | 0.972

0.962 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000

1.000 | 1.000 | 0.985 | 1.000 | 0.963 | 1.000 | 0.974 | 1.000

1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000

0.650 | 1.000 | 0.589 | 1.000 | 0.627 | 1.000 | 0.634 | 1.000

0.941 | 1.000 | 0.931 | 1.000 | 1.000 | 1.000 | 0.837 | 1.000

0937 | 0.842 | 0935 | 0.831 | 0.919 | 0.876 | 0.873 | 0.928

0950 | 0971 | 0.953 | 1.000 | 0.954 | 0.996 | 0.873 | 1.000

0993 | 0.804 | 0.990 | 0.819 | 0.992 | 0.878 | 0.982 | 0.910

1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000

0.756 | 1.000 | 0.711 | 1.000 | 0.769 | 1.000 | 0.775 | 0.992

0986 | 0.836 | 0.995 | 0.717 | 0.999 | 0.745 | 0977 | 0.771

0947 | 0.825 | 0.903 | 0947 | 0.958 | 0.872 | 0.929 | 0.954

0.948 | 1.000 | 0.878 | 1.000 | 0.890 | 0.996 | 0.860 | 0.946

1.000 | 1.000 | 1.000 | 1.000 | 0.995 | 1.000 | 0.994 | 0.961

1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000

0.795 | 1.000 | 0.788 | 1.000 | 0.573 | 1.000 | 1.000 | 1.000

1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000

0946 | 0.693 | 0.955 | 0.592 | 0.994 | 0.667 | 0.949 | 0.651

0965 | 0.657 | 0.925 | 0.685 | 0.980 | 0.644 | 0.986 | 0.625

0978 | 0.863 | 0.990 | 0.763 | 0.981 | 0.795 | 0.977 | 0.988

0913 | 0972 | 0.989 | 1.000 | 0.989 | 0.934 | 0.987 | 0.863

1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 0.978 | 0.960

1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000

0.993 | 1.000 | 0.999 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
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4.4 _2008~2009

2008 2008 2009 2009

DMU

0.982 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 0.997 | 1.000

1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000

0989 | 0986 | 1.000 | 1.000 | 1.000 | 0.927 | 1.000 | 0.927

1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000

0.812 | 1.000 | 1.000 | 1.000 | 0.898 | 1.000 | 0.694 | 1.000

0979 | 1.000 | 1.000 | 1.000 | 0.959 | 1.000 | 0.971 | 1.000

0.915 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000

0951 | 1.000 | 1.000 | 1.000 | 0.978 | 0.874 | 0.988 | 0.836

0972 | 0940 | 0.999 | 0.899 | 0.994 | 0.908 | 0.979 | 0.878

1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000

0841 | 0943 | 0.827 | 0941 | 0.825 | 0.947 | 0.841 | 0.880

0990 | 0.748 | 0.994 | 0.688 | 0.968 | 0.685 | 0.986 | 0.620

0976 | 0904 | 0.998 | 0.909 | 0.994 | 0.843 | 1.000 | 1.000

0970 | 1.000 | 1.000 | 1.000 | 0.904 | 0.863 | 0.746 | 0.929

0964 | 0937 | 0979 | 0.925 | 0.907 | 0.900 | 0.891 | 0.872

1.000 | 1.000 | 1.000 | 1.000 | 0.959 | 0.934 | 0.952 | 0.934

0.966 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 0.955 | 1.000

1.000 | 1.000 | 1.000 | 1.000 | 0.962 | 1.000 | 0.952 | 1.000

0992 | 0.725 | 0.998 | 0.808 | 0.992 | 0.666 | 0.987 | 0.490

0998 | 0.638 | 0.997 | 0.812 | 0.989 | 0.666 | 0.989 | 0.532

1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000

0.998 | 1.000 | 1.000 | 1.000 | 0.978 | 1.000 | 0.989 | 0.821

0.883 | 0988 | 0.917 | 1.000 | 0.903 | 1.000 | 0.945 | 0.972

1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000

1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
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4.5 _2006~2007

2006 2006 2007 2007
0.937 0.948 0.928 0.951 0.942 0.954 0.917 0.966
0.949 0.925 0.950 0.913 0.947 0.898 0.979 0.923
0.943 0.937 0.939 0.932 0.944 0.926 0.948 0.944
4.6 _2008~2009
2008 2008 2009 2009
0.958 0.966 0.987 0.960 0.973 0.942 0.961 0.939
0.982 0.930 0.992 0.965 0.969 0.925 0.947 0.888
0.970 0.948 0.989 0.962 0.971 0.933 0.954 0.914
0. 9600 ."I\ &\
0.9400 \‘\.
— S
09200
== 10 & 4 i T 4= 1)

09000

(LRI

2006 =% 0GR 200TE=% 20TR oS 20BF -2 HNEFwE 0HF-2 IR wS

4.5 -

4.5
2008 2008
2008

2008

51

2007



( 2000)
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2008

4.3

43.1

4.7
4.7
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10000
0.0500 -
= F R
0.9000 —— AT
0.8500 — &E i 34
0.8000
JI0GE =% Z006FE =g Z0TE—F J0TEwE Z00BE—4 Z0E¥w g Z00FFE—F Z000Fw g
4.7 B
4.7 -
2006 2006 2007 2007 2008 2008 2009 2009
0.991 | 0.996 0.988 0.983 0.989 1.000 0.982 0.981
0.829 | 0.816 0.845 0.828 0.887 0.919 0.877 0.856
4.3.2
4.8 4.8
1.1%
0.7%
2008
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o980

0950 -
0.920 - —a— g dk W R R
0.890 = W N #F
0860 - . : : 1
0GR —2 HIGFwE 20078 -2 0TEwd NEE-—4 NEFTa: NWHFE-—2 HBEad
4.8 -
2006 2006 2007 2007 2008 2008 2009 2009
0.907 0.890 0.913 0.875 0.937 0.980 0.957 0.940
0.920 0.924 0.930 0.951 0.948 0.938 0.917 0.913
4.8 -
4.4
44.1
4.9 4.9
4.9
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4.9

1.0500
10000 +—g " + + - * "
0.9500 — AL
0.9000
0.8500 —8— % 1A 4
08000 - i
0.7500
TR -% FEEWE NITRE-F NITEwE NEE-F NEExE NNE S NNESS
49 -
49 -
2006 2006 2007 2007 2008 2008 2009 2009
0.997 1.000 1.000 1.000 1.000 1.000 1.000 1.000
0.936 0.916 0.947 0.942 0.960 0.977 0.873 0.829
0.804 0.789 0.799 0.798 0.845 0.907 0.840 0.748
442
410 411
410 411
410 2008
2008
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2008

1.0200

0.9900 -
0.9600 -
0.9300 -
09000 -

08700 -

0BE -2 206FE=S 20TE-% HNITF¥wd

J003% —% JEEw® 20M¥-—2 2000FEw$

4.10 -
4.10
2006 2006 2007 2007 2008 2008 2009 2009
0.948 | 0.933 0.892 0.971 0.980 0.996 0.946 | 0.899
1.000 | 1.000 0.999 0.981 0.987 0.985 0.939 | 0.947
411
411
2008
1
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( 2000)

( 2008)

100404

0.90He
= 3 fi o
083500

08000 1 —8— 4 i o

0.7500 - " ; : 1 i :
006k~ I006RwE Z00TE—F Z00THwE Z00AW—% ZJ00ARwE 20MEE—F J00E=E

411 -

411 -

2006 2006 2007 2007 2008 2008 2009 2009

0.960 | 0.972 0.989 0.976 0.974 0.982 0.972 | 0.982

0.837 | 0.808 0.808 0.817 0.870 0.924 0.866 | 0.763

58




45DEA_

412

DEA
2006 2009

4.12

/ 2006 2007 2008 2009
1| 0.9040 | 0.8895 0.9120 | 0.0027
2 0.9211 | 0.9692
3 0.8268 | 0.9615
1| 0.8575| 0.8871 0.8963 | 0.0030
2 0.9169 | 0.9579
3 0.8130 | 0.9454
1| 0.8481| 0.8487 0.8626 | 0.0022
2 0.8840 | 0.9202
3 0.7839 | 0.8908
1| 1.0000 | 0.9946 0.9872 | 0.0004
2 0.9733 | 1.0000
3 0.9552 | 1.0000
1| 05425 | 0.5696 0.5766 | 0.0072
2 0.5887 | 0.6296
3 0.4390 | 0.6905
1| 0.7644 | 0.7470 0.7507 | 0.0033
2 0.7855 | 0.8028
3 0.6402 | 0.7644
1| 0.7335| 0.7632 0.7877 | 0.0064
2 0.7743 | 0.8291
3 0.7006 | 0.9258
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2006 2007 2008 2009

1| 0.7822 | 0.7949 0.7980 | 0.0003
2 0.7764 | 0.8082

3 0.8029 | 0.8232

1| 0.8023| 0.8327 0.8149 | 0.0035
2 0.8906 | 0.8302

3 0.7095 | 0.8241

1| 0.8445| 0.8854 0.8884 | 0.0032
2 0.8797 | 0.8140

3 0.9546 | 0.9520

1| 0.6492 | 0.6836 0.6446 | 0.0082
2 0.7089 | 0.6418

3 0.4701| 0.7139

1| 0.6935| 0.6844 0.6391 | 0.0072
2 0.7216 | 0.6440

3 0.4875 | 0.6039

1| 0.7458 | 0.8016 0.8108 | 0.0153
2 0.8651 | 0.8234

3 0.6289 | 1.0000

1| 0.7786 | 0.6007 0.6533 | 0.0109
2 0.7145 | 0.6944

3 0.4780 | 0.6538

1| 09642 | 0.8913 0.8448 | 0.0132
2 0.9515 | 0.8222

3 0.6621 | 0.7774

1| 0.9141| 0.9096 0.8919 | 0.0082
2 0.9770 | 0.9439

3 0.7184 | 0.8886

1| 0.7335| 0.7632 0.7877 | 0.0064
2 0.7743 | 0.8291

3 0.7006 | 0.9258

1| 0.8708 | 0.8932 0.9105 | 0.0037
2 0.9558 | 0.9842

3 0.8193 | 0.9400

1| 0.4166 | 0.3405 0.4300 | 0.0037
2 0.5038 | 0.4730

3 0.3862 | 0.4598
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/ 2006 2007 2008 2009
1| 0.5830| 0.5706 0.5303 | 0.0049
2 0.5842 | 0.5429
3 0.4029 | 0.4981
1| 0.7445| 0.8427 0.8486 | 0.0060
2 0.8308 | 0.7988
3 0.9207 | 0.9539
1| 0.8107| 0.7380 0.7625 | 0.0011
2 0.7221 | 0.7578
3 0.7909 | 0.7552
1| 1.0000| 0.9056 0.8911 | 0.0058
2 0.9106 | 0.8470
3 0.7725| 09111
1| 1.0000| 0.9666 0.9849 | 0.0006
2 1.0000 | 1.0000
3 0.9429 | 1.0000
1| 0.9109 | 0.9506 0.9569 | 0.0019
2 0.9965 | 1.0000
3 0.9015| 0.9821
O L e '
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4.6 Malmquist

(Mamquist Productivity Index MPI)
Mamaquist
4.6.1
4.13 2006
2008 MPI 2006
2008 MPI 1
effch techch
pech sech tfpch
2006~2007 0.923 0.996 1.044 0.884 0.920
2007~2008 0.941 0.901 0.966 0.974 0.848
2008~2009 1.193 1.099 1.029 1.160 1.311
1.012 0.995 1.013 0.999 1.007

4.6.2
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414 (MPI>1) (MPI<1)
4.15
4.16
414 2006 ~2008
DMU
effch techch pech sech tfpch
1.000 1.135 1.000 1.000 1.135
1.000 0.842 1.000 1.000 0.842
1.000 0.808 1.000 1.000 0.808
0.838 1.045 0.949 0.883 0.876
1.000 1.132 1.000 1.000 1.132
1.128 1.099 1.116 1.010 1.239
1.152 0.977 1.146 1.005 1.125
1.091 0.974 1.070 1.020 1.063
1.050 0.971 1.000 1.050 1.020
1.000 0.885 1.000 1.000 0.885
1.000 1.021 1.000 1.000 1.021
1.000 1.136 1.000 1.000 1.136
0.982 1.194 1.000 0.982 1172
0.875 0.967 0.975 0.898 0.847
1.000 0.946 1.000 1.000 0.946
1.000 0.921 1.000 1.000 0.921
1.000 0.762 1.000 1.000 0.762
1.000 1.141 1.000 1.000 1.141
1.056 1.275 1.000 1.056 1.346
1.000 0.923 1.000 1.000 0.923
1.047 1.142 1.044 1.003 1.196
0.961 0.672 0.962 1.000 0.646
1.036 1.040 1.022 1.013 1.077
1.000 0.931 1.000 1.000 0.931
1.000 1.220 1.000 1.000 1.220
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4.15

DMU DMU
11 85% 10 83%
effch 2 15% 2 17%
7 54% 5 42%
techch 6 46% 7 58%
9 69% 5 42%
tfpch 4 31% 7 58%
4.16 _
tfpch
effch techch pech sech
1.019 1.017 1.022 0.996 1.035
0.998 0.995 1.000 0.998 0.996
4.15 69% MPI
1 MPI
1 42%
4.16 1

( 2001)
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MPI

( 2000)
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5.1
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2008

2006 2009

Malmaquist

68

CCR BCC

25



69



70



[1]
[2]
[3]
[4]
[3]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]

[19]

[20]

18-19

2007

2

2001
2001
2000
2004 TFT-LCD

2008

1998

Mamaquist
2009
2000
2001
Sueyoshi 2003
1993
1996

4 63-106

2005

2

2000
2010
2000
2008
2001 DEA
2004 DEA

- DEA
1-28
-DEA
26(3)  375-396
-DEA
33-56
-DEA

87-97

71



[21] 2007 TFT-LCD

27-52
[22] 1993
[23] 2004

1 23-58
[24] 2001 —
[25] 2000 19

13-20

[26] 2000
[27] 2008
[28] 2005 -
[29] 1999

3 35-55
[30] 2009 2006
[31] 1998

3 337-366
[32] 2006
9 )  127-176

[33] 2007
[34] 2005
[35] 2009

[36] Aly, H., R. Grabowski, C. Pasurka and N. Rangan, 1990. Technical, Scale, and
Allocation Efficienciesin U.S. Banking: An Empirical Investigation. Review of
Economics and Satistics, 72,pp.211-218.

[37] Alexander C.O., Leigh C.T., 1997. On the Covariance Models Used in Value at Risk
Models. Journal of Derivatives.

[38] Andersen, P. and N.C. Petersen, 1993. A Procedure for Ranking Efficiency Unitsin Data
Envelopment Analysis. Management Science, vol1.39, pp.1261-1264.

[39] Berger, Allen N & Mester, LorettaJ, 1997. Insde the Black Box: What Explains
Differences in the Efficiencies of Financial Institution. Journal of Banking & Finance,

72



Elsevier, vol 21(7), pp.895-947.

[40] Bonin, J, | Hassan and P. Wachtel, 2005. Bank Performance, Efficiency and Ownership
in Transition Countries. Journal of Banking and Finance, 29, pp.31-53.

[41] Banker R.D., A. Charnes, WW Cooper, 1984. Some Models for Estimating Technical
and Scale Inefficiencies is Data Envelopment Anaysis. Management Science, vol (9),
pp.1078-1092.

[42] Boussofiane, A., R.G. Dyson, and E. Thanassoulis, 1991. Applied Data Envel opment
Analysis. European Journal of Operational Research, vol.52, pp.1-15.

[43] Charnes A., WW Cooper, E Rhodes, 1978. Measuring the Efficiency of Decision
Making Units. European Journal of Operational Research, vol.2, pp.429-444.

[44] Charnes, A. and W.W. Cooper, 1962. Programming with Linear Fractionals. Naval Res.
Logistics Quarterly, vol.9, pp.181-186.

[45] Codlli, T.J.,, D.S. Prasad, and G. E. Battese, 1998. An Introduction to Efficiency and
Productivity Analysis. Boston: Kluwer Academic Publishers.

[46] Darke, L. and M. J. B. Hall, 2003. Efficiency in Japanese Banking: An Empirical
Analysis. Journal of Banking and Finance, 27, pp.891-917.

[47] Debreu G, 1951. The Coefficient of Resource Utilization. Econometrical Journal of the
Econometric Society, vol (19), pp.273-292.

[48] Elyasiani, E. and S. Mebdian, 1995. The Comparative Efficiency Performance of Small
and large US Commercia Banks in the Pre-and Post-deregulation Eras. Applied
Economics, 27, pp.1069-1079.

[49] Fries, S. and A. Taci, 2005. Cost Efficiency of Banks in Transition: Evidence from 289
Banks in 15 Post-communist Countries. Journal of Banking and Finance, 29, pp.55-81.

[50] Favero C.A., Papi L., 1995. Technical Efficiency and Scale Efficiency in the Italian
Banking Sector: a Non-Parametric Approach. Applied Economics, vol 27(4).

[51] Fare, R., S. Grosskopf, M. Norrisand Z Zhang, 1994. Productivity Growth, Technical
Progress and Efficiency Changes in Industrialized Countries. American Economic
Review, vol.84, pp.66-83.

[52] Farrell, M.J., 1957. The Measurement of Productivity Efficiency. Journal of the Royal
Statistical Society, Series A, vol.120, no.3, pp.253-281.

[53] Golany, B. and Y. Rall, 1989. An Application Procedure for DEA. OMEGA: Fuzzy Sets
and Systems, vol.119, pp.149-160.

[54] Koopmans T.C., 1951. An Analysis of Production as an Efficient Combination of
Activities. Activity Analysis of Production and Allocation, Cowles Commission for
Research in Economics, Monograph no. 13, Wiley, New York.

[55] Lovell C.A., 1993. Production Frontiers and Productive Efficiency. The Measurement of
Productive Efficiency.

[56] Mackara WF, 1975. What Do Bank Produce. Federal Bank of Atlanta Monthly Review
May.

[57] Nishimizu, M. and J.M. Page, 1982. Total Factor Productivity Growth, Technical

73



Progress and Technical Efficiency Change: Dimensions of Productivity Changein
Yugoslavia, 1965-78. Economic Journal, vol.92, pp.920-936

[58] Ora M., O Kettani, R Yolalan, 1992. An empirical study on Analyzing the Productivity
of Bank Branches. I|E Transactions, vol 24(5).

[59] Ray, S.C. and E. Desli, 1997. Productivity Growth, Technical Progress and Efficiency
Changesin Industrialized Countries: Comments. American Economic Review, vol.87,
pp.1033-1039.

[60] Sherman, H. D. and F. Gold, 1985. Bank Branch Operating Efficiency: Evaluation with
Data Envelopment Analysis. Journal of Banking and Finance, 9, pp.29-41.

[61] Siems, T. E., 1992. Quantifying Management Role in Bank Survival. Economic Review,
pp.297-315.

[62] Seiford, L.M., 1996. Data Envelopment Analysis: The Evolution of the State of the Art.
Journal of Productivity Analysis, vol.7, pp.99-138.

[63] Sumanth, 1984. Productivity Engineering and Management, McGraw Hill.

[64] TyroneT. Lin, Chia-Chi Lee, Tsui-Fen Chiu, 2009. Application of DEA in Analyzing a
Bank’s Operating Performance. Expert Systems with Applications, 36, pp.8883-8891.

[65] Venkatraman N., Ramanujam V., 1986. Measurement of Business Performance in
Strategy Research: A Comparison of Approaches. Academy of Management Review, vol
(11), pp.801-814.

[66] Weill, L., 2004. Measuring Cost Efficiency in European Banking: A Comparison of
Frontier Techniques. Journal of Productivity Analysis, 21, pp.133-152.

[67] Yeh, Q. J., 1996. The Application of Data Envelopment Analysisin Conjunction with
Financial Ratios for Bank Performance Evaluation. Journal of the Operational Research
Society, 47, pp.980-988.

74



