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Abstract

Purpose: Standard Data Envelopment Analysis (DEA) models measures the efficiency of Decision Making Units
(DMUgs) in a period of time. In real occasions, multi periods are presented. In presence of a multi-period system, overall
efficiency depends on the performance of the DMU in all periods. That is to say, periodic efficiencies must be calculated,
also, the overall efficiency is depended to periodic efficiencies. In other words, a DMU cannot be overall efficient, but
considered as an efficient unit in each separate period. Hence, the question of pseudo inefficiency is raised?

Methodology: This paper investigates Ratio-based Data Envelopment Analysis (DEA-R) models to detect pseudo
inefficiency in multi-period systems.

Findings: The proposed algorithm consists of three steps. As the first step, the average of period-efficiencies is
calculated, then the overall efficiency is evaluated as a block-box. For the last step, a ratio of two quantities is estimated.
If this ratio is close to unity, there is no significant difference between these two quantities. Otherwise, the estimate
claims pseudo inefficiency.

Originality/Value: In the literature, pseudo inefficiency has been detected through applying the periodic weights, but
this paper proposes a three-step algorithm to investigate pseudo inefficiency. To elucidate the details of the proposed
approach, a comparison is made between Kao and Liu [8] and the proposed algorithm to measure the efficiency of 22
Taiwanese commercial banks for the period 2009-2011. The results demonstrate the practicality and superiority of the
proposed method in comparison with the existing multi-period models.
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2 Banker, Charnes and Cooper (BCC)
* Decision Making Unit (DMU)
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Figure 1- Multi-period system.
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Table 1- The Average of inputs/outputs in three years.

DMU Labour Physical  Purchaned Demand  S-term M-terms
Capital Funds Deports Loans Loarn
Chang Hwa 8.30 23.84 948.30 290.20 302.25 756.25
Kings Town 0.88 291 116.98 18.33 24.85 70.88
Taichung 1.80 3.38 238.69 65.53 77.47 169.20
Taiwan 6.73 14.15 754.38 241.95 256.18 669.49
Business
Kaohsiung 1.23 2.24 144.33 20.01 66.64 88.50

Cosmos 2.00 6.25 95.74 12.26 34.19 38.44
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Table 1- Continued.

DMU Labour  Physical  Purchaned Demand  S-term M-terms

Capital Funds Deports Loans Loarn
Union 2.46 8.13 251.11 41.76 40.90 140.29
Far Eastern 2.69 2.69 294.05 30.58 59.90 182.35
Ta Chong 3.66 4.30 254.56 47.94 65.28 191.43
En Tie 1.72 2.12 202.39 22.49 40.60 153.44
Hua Nan 9.49 25.68 1113.28 447.03 404.53 805.32
Fubon 6.57 11.51 913.13 224.18 220.77 657.54
Cathay 7.67 25.61 1135.10 224.48 228.03 682.71
East Sun 4.33 14.55 400.38 190.59 120.09 482.30
Yuanta 2.58 2.61 320.56 52.41 59.34 237.40
Mega 10.64 14.61 1070.72 462.10 391.09 958.96
Taishin 7.15 22.27 574.74 124.71 121.81 419.29
Shin Kong 2.91 6.20 353.67 68.37 68.84 257.27
Sino Pac 6.74 9.23 725.91 156.80 153.29 559.04
China Trust  16.40 33.61 855.35 119.02 260.26 733.77
First 9.73 23.75 1178.52 396.36 188.29 844.43
Taiwan 12.92 34.31 1708.72 367.29 176.79 1459.07
Cooperaive

slaelew «(Physical capital) gsbs 4l ,u ((Labor) Ll g5, 230 LIS le (635,9 slaesls [8] s 5 8 Allds 4 slal L
ey (Short—term loans) el slaels «{(Demand deposits) 333, (slaes o 5 (Purchased commercial) sl )l >
Je LI b ol odloas 8 55 55 5 58S aw lsew |y (Medium-and long term 10ans) el S 5 Sdaples sla

ol ol 55158 Y J g 55 e 5 odliaasls dls YY il (6l 0y55 2 GBS . Kbe 5 IS LIS ((solgiins

(Wi P9y 12 3l Jeolo glis - Jgu
Table 2- The results of the implementation of the proposed method.

DMU 2009 2010 2011 Average Overall Ratio Pseudo
Inefficiency
1 1 1 1 1 1 1 NO
2 0.73 0.89 0.79 0.80 0.79 1.02 YES
3 1 1 1 1 1 1 NO
4 1 1 0.98 0.99 1 0.99 NO
5 1 1 1 1 0.86 1.16 YES
6 0.82 0.85 0.76 0.81 0.98 0.83 NO
7 0.49 0.61 0.55 0.55 0.53 1.04 YES
8 1 0.86 0.80 0.88 1 0.89 NO
9 0.72 0.84 0.87 0.81 0.81 1 NO
10 1 1 1 1 0.78 1.28 YES
11 1 1 1 1 1 1 NO
12 1 1 1 1 1 1 NO
13 0.84 0.84 0.85 0.84 0.87 0.97 NO
14 1 1 1 1 1 1 NO
15 1 1 1 1 1 1 NO
16 1 1 1 1 1 1 NO
17 0.54 0.76 0.80 0.7 0.67 1.05 YES
18 0.83 0.81 0.82 0.82 0.85 0.97 NO
19 0.92 0.92 0.85 0.89 0.91 0.99 NO
20 0.69 0.94 0.91 0.84 0.89 0.95 NO
21 0.92 0.96 0.99 0.95 0.97 0.99 NO
22 1 1 1 1 1 1 NO
AVE 0.88 0.92 0.91 0.875 0.90
VAR 0.02 0.01 0.01 0.007 0.02
C.V. 18.% 11.31% 13.16% 13.46% 14.1%
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Figure 2- Pseduo inefficiency.
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Table 3- The results of model (4).

el L;JL@,L&:.; U’Zj} )‘ J».al?- JS

DMU 2009 2010 2011  Overall Overall
Model (4)

1 091 086 092 0.0 1

2 070 077 076 075 0.79

3 096 095 1 0.97 1

4 1 095 095 097 1

5 091 1 1 0.97 0.86

6 074 080 068 074 0.98

7 047 053 051 051 053

8 077 071 080 076 1

9 062 072 083 072 0.81

10 092 091 087  0.90 0.78

11 093 1 1 0.98 1

12 095 095 1 0.97 1

13 080 081 083 082 0.87

14 1 099 097  0.99 1

15 091 093 1 0.95 1

16 097 094 1 0.97 1

17 053 053 053 053 0.67

18 080 082 08 081 0.85

19 085 084 083 084 0.91

20 060 063 065 063 0.89

21 087 097 095 093 0.97

22 098 097 1 0.98 1

AVE 083 084 08 0845 0.905

VAR 002 002 002 002 0.02

CV. 19%  17.2% 17.9% 17.6% 14.1%
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Table 4- Mann-Whitney test result.

124.000 Mann-Whitney U
355.000 Wilcoxon W

-2.428 z

.015 Asymp. Sig. (2-tailed)
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Figure 3- T-test result.
s ) eslizal 50 38 LLISL Lasis o 545 Gl o (Gt 53 DEAR Juko 3l eslinl ns oo L5 (55l gl
a4 il 585 S loyss ohlS ke 5 JS DS sde 93 5 Jeol Cs S aS(g i il laebl LB sy Ll

s 3 3 90 gSlS&l)KSLSw&\jS&)M&:}SrA@ 5380 93 0l o ‘("«J"u oS bt
G5 Azl g ooy -0

sy o gy l 03 plieadSle 5 liioes 453550 sl 23] Sladli 53 OT LIS L5 5 Glosss L (Slapionns
2248 (Jolewe 51 (G AL oo (plaptms i (2131 S P ezl S el (e (A S5 5 Ly glaesls
Sy Sl (S 48 oo ol 4 .ol OIS 1L s ot a o o 31 s 5oy (Slaayso by Sloyss Lz (o puns
3 el oo Camd s Sley0ys3 a5l aS Lagyys 3 esliasl (gl s ol 55 . dils HS 0y5 Jsb JS Ll sl LS Sleyeyss o 58
S pp 3ol (S el (gladibe S eslinal Sl 03 S ealinal (6 S (slaesls 2igy kot 31 o3l b el yo 4 25,531
AL s 3 Sl SKoe & s & 5 (63505 Dol 3 eslial (slay adke ol 3 eslial &S] 5 Glias Coaladibs oy
Slroys3 3l s [y 0355 (Slayss oIS sl plS s .l 50035 Conmbly 4y 48 IS o 35 Jho 3 1y a s 5 5 g5 3 (iomd
£33 08 b S a3 |y e LIS oSbe (23300 oo (S Slaosls e (A Lo (gladite 5l eslinal LK
b Sl 53 a0 o (6 S Slaosls y (e (i S ladibas ) oolital L slow o S S50t ) s JS' DS
33 0l e Bl S 4 S0 G 2gmse T S1 okl 005 OB BSL s s 4 (e 53 0l G il
Slr Sl 350 O3S DL Sl 585 G ) ol sae STl 3 55 O3S GlISL 5t 035 o 4 350

cLS)LATCJLMiULA Lg} aJ\.&\Jg-‘ Uumdb) °)}-’\-§£,J}l’ BE gi";b 6‘.&0:‘: S » [8]}:35}}3.&&})}(53% gf:}) qul

A

e [ 3)\Sen 315 ollss

<o

YA-YV iaip NF Y )Lg-g A Q)waa ¥ 0)8 “_éL_Jw.G 6‘.&}}3&‘)}6)}‘_93



v

BTt

L s,)bts &blSL'. &L-ﬁl;-:ﬁ ‘5‘]3 LB: o3l Lfi'":‘-’i

) o pokinr sl o

oo b sddiaules ohIST SWST, 5l (6 S laosls ilisy s 5 e galgring Je 5l Jools GDIST SUST, 4 as yme

21> [8] 5 5 58 sy L ol 3 35mse sy D SOV 53 )T slag el Al e S 5 se

o &ilio

Wl 025 S35 S andllas b 53 gudsd au A KS L sy ‘ﬁjg@:.h
Lo b ol

L.SiLG" Ased «u@dww.iy Ao 4))\.)& 9> Ao Q'il )L:JS\ )80 3 CéL.A B 6)@ @h 45.13)\)& ry\ﬁ‘ QKM‘}J A.L:Mju.lJu
Coss ol Jlm 53 5 0ls Ol D3 o3 bapT Lol 31 callio a8 S o ol 800y 5 - 5103,S Ayl5 5 oalin | ok Jl |
AR R

&L

[1] Farrell, M. J. (1957). The measurement of productive efficiency. Journal of the royal statistical society: series a
(general), 120(3), 253-281.

[2] Charnes, A., Cooper, W. W., & Rhodes, E. (1978). Measuring the efficiency of decision making units. European
journal of operational research, 2(6), 429-444.

[3] Banker, R.D., Charnes, A., & Cooper, W. W. (1984). Some models for estimating technical and scale inefficiencies
in data envelopment analysis. Management science, 30(9), 1078-1092.

[4] Fare, R., & Grosskopf, S. (1996). Intertemporal production frontiers: with dynamic DEA. Springer Dordrecht.

[5] Kao, C. (2014). Network data envelopment analysis: a review. European journal of operational research, 239(1),
1-16.

[6] Tone, K., & Tsutsui, M. (2014). Dynamic DEA with network structure: a slacks-based measure
approach. Omega, 42(1), 124-131.

[71 Mariz, F. B. A. R, Almeida, M. R., & Aloise, D. (2017). A review of dynamic data envelopment analysis: state
of the art and applications. International transaction in operation research, 25(2), 469-505.

[8] Kao, C., & Liu, S. T. (2014). Multi-period efficiency measurement in data envelopment analysis: the case of
taiwanese commercial banks. Omega, 47, 90-98. https://doi.org/10.1016/j.0mega.2013.09.001

[9] Jablonsky, J., Marek, L., & Berka, P. (2018). Multi-period data envelopment analysis models and resource
allocation: a case study. Journal of physics: conference series (Vol. 1026, No. 1, p. 012002). I0OP Publishing. DOI:
10.1088/1742-6596/1026/1/012002

[10] Bansal, P., & Mehra, A. (2018). Multi(period additive efficiency measurement in data envelopment analysis with
non[] gsitive and undesirable data. Operational research society of India, 55, 642-661.

[11] Tavana, M., Khalili-Damghani, K., Arteaga, F. J. S., & Hosseini, A. (2019). A fuzzy multi-objective multi-period
network DEA model for efficiency measurement in oil refineries. Computers and industrial engineering, 135, 143-
155.

[12] Xu, Y. W., Zhang, H. J., Cheng, K., Zhang, Z. X., & Chen, Y. T. (2021). Efficiency measurement in multi-period
network DEA model with feedback. Expert ~ systems  with applications, 175, 114815.
https://doi.org/10.1016/j.eswa.2021.114815

[13] Despi¢, O., Despi¢, M., & Paradi, J. C. (2007). DEA-R: Ratio-based comparative efficiency model, its mathematical
relation to DEA and its use in applications. Journal of productivity analysis, 28(1-2), 33-44.

[14] Wei, C. K., Chen, L. C., Li, R. K., & Tsai, C. H. (2011). Using the DEA-R model in the hospital industry to study
the pseudo-inefficiency problem. Expert systems with applications, 38(3), 2172-2176.

[15] Wei, C. K., Chen, L. C,, Li, R. K., & Tsai, C. H. (2011). A study of developing an input-oriented ratio-based
comparative efficiency model. Expert systems with applications, 38(3), 2473-2477.

[16] Mozaffari, M. R., Gerami, J., & Jablonsky, J. (2014). Relationship between DEA models without explicit inputs
and DEA-R models. Central european journal of operations research, 22, 1-12.

[17] Mozaffari, M. R., Kamyab, P., Jablonsky, J., & Gerami, J. (2014). Cost and revenue efficiency in DEA-R
models. Computers & industrial engineering, 78, 188-194. https://doi.org/10.1016/j.cie.2014.10.001

[18] Gerami, J., Mozaffari, M. R., & Wanke, P. F. (2020). A multi-criteria ratio-based approach for two-stage data
envelopment analysis. Expert systems with applications, 158, 113508. https://doi.org/10.1016/j.eswa.2020.113508

[19] Mozaffari, M. R., Gerami, J., Wanke, P. F., Kamyab, P., & Peyvas, M. (2022). Ratio-based data envelopment
analysis: an interactive approach to identify benchmark. Results in control and optimization, 6, 100081.
https://doi.org/10.1016/j.rico.2021.100081

[20] Mozaffari, M. R., Dadkhah, F., Jablonsky, J., & Wanke, P. F. (2020). Finding efficient surfaces in DEA-R
models. Applied mathematics and computation, 386, 125497. https://doi.org/10.1016/j.amc.2020.125497


https://doi.org/10.1016/j.omega.2013.09.001
file:///C:/نشریه/IMOS%202023,%204,%201/10.1088/1742-6596/1026/1/012002
https://doi.org/10.1016/j.eswa.2021.114815
https://doi.org/10.1016/j.cie.2014.10.001
https://doi.org/10.1016/j.eswa.2020.113508
https://doi.org/10.1016/j.rico.2021.100081
https://doi.org/10.1016/j.amc.2020.125497

