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Abstract This paper studies the bias of using DEA two-stage method for measuring managerial
efficiency. In using the method, first, the managerial efficiency is measured by a DEA method.
Then, a tobit model is employed to examine the influence of an exogenous variable. Data used in
this study were obtained with a Monte Carlo technique. The analysis determines the variance and
the correlation of inputs and exogenous variable at different levels. The results show that the
variance and the degree of correlation between inputs and exogenous variable significantly
influenced the managerial efficiency score. This caused the efficiency score to be either too high
or too low compared to the actual value. This also distorted the influence of exogenous variable,
which thus caused a bias and gave an imprecise managerial efficiency score. The analyst thus
should test the variance and correlation between inputs and exogenous variable before applying
the DEA two-stage method. If problems are detected, this can be corrected by ridding the influence
of exogenous variable from the output or reducing the variance of the data by using natural
logarithm. These techniques would improve the precision of estimating managerial efficiency score.
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AB18 1138 data envelopment analysis (DEA) Lﬂum?‘mﬁwfiﬁﬁﬂLﬁmﬂmmm’ﬁﬂuﬁﬁnm
UssAnsnwlunisdaniszesmiaegsia wiesileiiipaudavguannndnianisieaienia vie
stochastic frontier approach (SFA) ﬁqﬁ%ﬁmmvawL@?{Lﬂmmuﬁmm technical efficient effect UnLaua
mel Battese and Coelli (1993) mmim%ﬁqﬂm"ﬂﬁﬁﬂﬁlﬁmmfmﬂ,siﬁﬂizam%mwmwmﬂqiﬁ@ Tne)
mﬁﬁ%mmmuﬁmmmqLﬂmﬂﬁﬁ‘ﬁLﬂuﬁnwmmmmiﬂixmmﬁWﬁuﬂizﬁmﬁfﬁumﬁqﬁﬁummamLmz
WartduannldTdse@nsnnldnFaniu (Anmousiili simultaneous equation) d2135ABLBLLLIASS
e (DEA two-stage method) ga1unsn ldvnamauludneouzifaaiuldiduiu Wang, Weng, and
Chang (2001); Loikkanen and Susiluoto (2002); Mortimer and Peacock (2002); B ATWIA 'guwaxi

o

(2547); 194999 1198079, YNA LATEY, UAT SATNIA BuUNes (2548) Milszgnsisndouluasdunay
dl o a a o =2 X2 o AdldQ a 1 a a a - 1
Wwadasz@ninmlunisannis wazAnsnetladaiianinaseminuilsz@nsnnvireniulald
UszAnsninlunisdnnisresniegna Inaduneuusnldnan@n (outputs) wariladainda (inputs)
dszifiulsz@ninmlunisdanisaasbagsiasieisnaie wariuneunaesai Nannsnanasssndng
Andse@nsninlunisdnnisnsuiduldiusoulsniauan (exogenous variables) NaNNI0ALIAN

o

vidoulanuutladld’ luduiliflunnsimssinniasefidavinasennuissdaniamitananalsd
dsz@nsnnlunisdnnig wifﬁﬁ'mumﬂﬂmﬂa:mmrfhﬁuﬂixaw’ﬁf”qmﬁ'ﬁﬁﬁmmﬁ@ﬂﬁzgm (ordinary
least square, OLS) vi7a3sn19zANAzIiugega (maximum likelihood estimation, MLE) 35uald
Tunslaeauuuanaesnin (tobit model) (ﬁquﬁgumm, 2547)

a¢ina13Am N Barnum and Gleason (2008) A Rt e LT (bias) waziloymiAanu

Wenm3s (precision problem) lun13lE3aR8 LU LdeTURRY STUANEIAINANR 138 OLS Usyanau

'
o

ArduLlsrAvsaesannisnanes luduneuiass usinslas OLS v ldsassunndfldunauantis
p a a L pr o . @ ]

ANNNNLIZANENN (efficiency) LiesanFauilsmin (endogenous) Ta9aNn1sNdegluAIANNT

sr@ninnizaann il dnsn1nlunnsdnnis warlan LN TANLAILLLFALAN (truncated)

Aa \ o o [y a8 o .

NUAN9ENINN 0-1 A9uN91495 OLS L@ iuLloy1n heteroskedasticity (Greene, 2003) ne

| aa L Ao P ' @ a o 6 ¥ a o o a

ANGTIA t (t-statistic) NAwanlFR AR TageNdIAMITLATS uazazin RN ssindWlalana AT

n7@enFawlsdasresann1rannes ludunaniaes (Anderson et al., 1999; §ATWIA H1ND, 2547;

BATNIA BUNDd, 2548; Coelli et al., 2005) nadsiLruAraIANLLss9U (variance) aaetladeingn

1 = 2. a = X o = o o o 9 oy . T o 5 a =
A llftlsz@nsnmiiaTuainnisdanisisanisdpassiladasindgni ldmunzay muumaﬂiuﬂgmimmmwm

gnunsasdiunnsldnna linnnlasuulainisdanisisanisdnastiadeind i aonuwmnncan g
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and Wilson, 2005; Barnum and Gleason, 2008)
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1 a K a { [~ o a i U 1 [ o
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a o v = =2
M990 1 @mﬂﬂmeL@W’W:“ﬂﬂ\ﬁIﬂNﬂﬂwslmuﬂqiﬁm:l"]

BYATAT pX1Z Ly o, n, c,
1 0.0 100 5 100 5
2 0.0 100 25 100 25
3 0.0 100 45 100 45
4 0.5 100 5 100 5
5 0.5 100 25 100 25
6 0.5 100 45 100 45
7 0.9 100 5 100 5
8 0.9 100 25 100 25
9 0.9 100 45 100 45
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| 1 ! v
A Na

.2 o . a | a = o a adAa K Yo
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LLLAanssae R I lunnsAnsnasian e dutiade (input-oriented) nalAdeanNs
constant returns to scale (CRS) wazne lATedNNR variable returns to scale (VRS) Tneiseavidan
LA AT AN ARFUAAIANLANTST 2 T vun iRiTadesign 2 15ia nanan 1950 uasvioe
AnAWlA 100 wise LL@:ﬁﬂuamrﬁhﬂ?:Ew‘%nﬂ‘w‘l,umﬁmm?mmm%’@g@ﬁzﬁﬂﬁu 18 1m fneltsunss

' ¥

DEAP 2.1 imunaulne Coelli (1996)

a 3 aa A =3
M990 2 BULAaesRBLe N I lunNgANE

wuuataasnalidaauns CRS wuuaaeanglfdasuum VRS
Mine,xe Mine’xe
subject to -y + yA>0 subject to -y + yA >0
exi-xXZO exi-xKZO
A0 N A <1
A>0

AN FATNAA FuNaa (2548)

Alss@nannlunisdnnis (0) PAuanlFanuuLanaeariadeslAngLydng 0-1 (Coelli, 1996)
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censoring 1 1
- . . o 4 - e ade e
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o A
ANNTINANDEUBIALLTUEN (latent) A

yi* :B,Xifgi ;& ~N(O,G2)
fulsmundaunnls Aa

#n yi*S L il y, = L, (lower tail censoring)
in yi* > U Lfli'a y,= U, (upper tail censoring)
i Li<yi*< U, Lfll'a y,= yi* :B'xi +E,
andnsduanansafisnuuusnaestnin Gl

y, =B'x +g, . B'x+€ >0, € ~N(0,G%)

y; =0 ; else [B'xi +& 0]

Aadunsdin y, =0 &1 & < P'x azlddn
P‘yi :o‘ =ple, <-B'x|
P‘yi =y, 1y, >O‘

| o i ! < '
ideailunsalil y, =1 & g > -P'x Aaglddn

* '
P‘yi:yi =0 = P‘8i>'B Xi‘
B2 o2 ]
212V Preo B0
= (2m0o7) e
A9TIL P‘yl—yi = P‘yizyi ly; >0 *P‘yi>0‘

-v-B'x)2 /252
- (2n02)'1/2e( (y'Bx') 20%)

AUNAIEANEINA Y, =0 1A n, A1 uaTAIEANA y;, > 0 AU N, A1 AT maximum

likelihood function A8

_ ' 212 (HyPB'x)2/202)
L = yir:tOm-F(B xi)>ygo(2ncs ) “e

azl#l log-likelihood function Ae

2

_ ) S Bx)?
logL —yigologm-F(B Xi)>‘2yi§o'°9<2m R yigowi Bx)

a1 log-likelihood function axnsatlszannian P uaz O 1§&aeAs MLE
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Sannsnawnslinielfideanss CRS azilanligelindnaAnldandaanus VRS uazAnauansls
o 4 v o o . 2o o e 2o .
FAnanaailanuntslsuaestiadetind uasfaul sn1eue niETY 2sAea i UNNTANIUTDIAN
andunugszudnatladainduazsoulsnauaninaniliAnlssansninlun1sdanist A Nau
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o 1 d' 1% o U o = a' Ap ' a a al' J vl
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ANNLUTUTINNTI WAL T AN FNN T UTRId VAN LS sz NtTade e ssaud sn1ewen

Fuan lipnnuudslsuaerntlssdnsnmnauinldanas (N340 3 was 4)

A1919% 3 Andsr@nsanlunisdanisiady o seAuANuLsl ks zanduRufaeatladeiduavsaul snneuen

AWANAeT

¥j = 0.3x4; + 0.3xy; +0.4z; yi = x1oi'3x(2)i32i0'4
GX = GZ pXWZ =0 pXWZ =05 pX1Z =09 pX1Z =0 pX1Z =05 pXWZ =09

CRS VRS CRS VRS CRS VRS CRS VRS CRS VRS CRS VRS

o, =0,=5 0.951 0958 0.954 0.965 0.965 0.970 0.953 0.960 0.964 0.973 0.975 0.981
G, =0,=25 0687 0.741 0.765 0813 0.765 0.844 0.738 0.801 0.841 0.884 0.780 0.867
C, =0,=45 0502 0617 0.601 0.690 0.588 0.713 0.641 0.731 0.764 0.821 0.765 0.866

ANn: AnnzAnnianllsingu DEAP 2.1
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y; = 0.3x4; +0.3xy; +0.47, Y = x?i'3xgi32i0'4
GX = GZ pXWZ =0 prZ =05 pXWZ =09 pX1Z =0 pXWZ =05 pX.]Z =09

CRS VRS CRS VRS CRS VRS CRS VRS CRS VRS CRS VRS

o, =0,=5 0025 0.026 0.024 0.025 0.019 0.019 0.025 0.026 0.020 0.019 0.014 0.013
6, =0,=25 0110 0.119 0.087 0.100 0.092 0.099 0.115 0.125 0.073 0.080 0.091 0.093
c, =0,=45 0.166 0.209 0.158 0.179 0.145 0.167 0.168 0.185 0.134 0.142 0.129 0.106

ANn: A1nn13ANUAan iU sunsn DEAP 2.1

LansAnERldaenndesiudadannuas Coell ef al. (2005) i1 AmuLlatevnnstlade
vdngauiiuasiaaasr@ansnnlunnsiannfiaundld 10.e Barnum and Gleason (2008) 145
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1
Y a 1 o

MLE nuqn A1duds2@nsnldesuienisidasunlaseesdauilsddszilmnadqulsnin wsamn

. o N i o o o o P a X
marginal effect Pa9FLLIN18Ren NANanaslatiaqgidnwazAdulsn1auaniaaull sy

2
o

A A o o o o = o s a X P o o o o
13RIl tIaa NI LAz A LUINBUANHANANNUTANTYL Na19A MNTIARELNLT LAz AALLTNEWan

P o o = o o & o § ya a o Ao !
NV’]’W’W'WJLLﬂ?ﬂﬁ\qu@\iLL@zmrJLLﬂ?WQ@@QN@ﬂ@NWuﬁQQ quWIV@WﬁW@TﬂQmQLLﬂﬁ‘ﬂr]Elu@ﬂ'V]Nm@ﬂ']

Usz@AnsninlunnsdnnisiAnanas (A9199 5) anuziANdulse@ns sigma (disturbance standard
deviation)? nauRniailasuudaslun1amsaiudng nanqae Watladevindnuasdaudsnauenidaanu
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sigma NIALAU (1397 6)

% A sigma WluAAlddmsuRiansanteanuminzaneeanisld MLE Tunstssunniandudsednsaeauuusnasd
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AN5199 5 A1 marginal effect 1a4fauLlsNTELaNALUITNNUAARERE MLE 04 s2iumanuuLlstsulazanduiusans
fladenindnuazsautlsnnauaniuansnaniy

¥ = 0.3x4; +0.3x5; + 0.4z, yi = x1oi'3xgﬁzi0'4
G = G pX1Z =0 pX1Z =05 pXWZ =09 pX1Z =0 pXWZ =05 pXWZ =09

CRS VRS CRS VRS CRS VRS CRS VRS CRS VRS CRS VRS

0,=0,=5 0.0038 0.0041 0.0027 0.0036 0.0004 0.0012 0.0038 0.0041 0.0022 0.0031 0.0003 0.0011
(0.0003)(0.0004)(0.0004)(0.0003)(0.0003)(0.0003)(0.0003)(0.0004)(0.0003)(0.0002)(0.0002)(0.0002)
G,=0,=25 0.0029 0.0036 0.0011 0.0020 0.0012 0.0022 0.0033 0.0044 0.0009 0.0018 -0.0018 -0.0007
(0.0003)(0.0003)(0.0003)(0.0003)(0.0003)(0.0002)(0.0003)(0.0002)(0.0002)(0.0002)(0.0002)(0.0003)
G,=0,=45 0.0024 0.0034 0.0013 0.0023 0.0008 0.0017 0.0029 0.0037 0.0013 0.0018 0.0010 0.0011
(0.0003)(0.0004)(0.0003)(0.0003)(0.0002)(0.0002)(0.0002)(0.0003)(0.0002)(0.0002)(0.0002)(0.0002)
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M19199 6 ANduLs2ANa sigma (disturbance standard deviation) 04 szALANNLUTUTIMLAZandNRUSTReTAs BN N
waTFALUTA N ALAN AT

yi = 0.3x4; +0.3x5; + 0.4z vi = x?i'ngisziOA
o,=0 p><1z =0 p><1z =05 p><1z =09 p><1z =0 pxwz =05 pxwz =09

CRS VRS CRS VRS CRS VRS CRS VRS CRS VRS CRS VRS

c,=0,=5 0.017 0019 0.021 0.018 0.019 0.019 0.016 0.018 0.017 0.012 0.014 0.013
(0.0012)(0.0015)(0.0015)(0.0014)(0.0014)(0.0015) (0.0012)(0.0014)(0.0012)(0.0009)(0.0010)(0.0010)
o,=0,=25 0.080 0.076 0.082 0.080 0.085 0.076 0.076 0.057 0.069 0.063 0.073 0.101
(0.0058)(0.0057)(0.0059)(0.0059) (0.0062)(0.0057) (0.0056)(0.0043)(0.0050)(0.0048)(0.0053)(0.0078)
0,=0,=45 0.126 0.168 0.147 0.150 0.140 0.144 0.106 0.114 0.120 0.118 0.116 0.093

(0.0092)(0.0131)(0.0108)(0.0118)(0.0103)(0.0108) (0.0079)(0.0090)(0.0089)(0.0092)(0.0086)(0.0072)
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wlazuulasaesan log likelihood FaLaw (m1319% 7)

AN5197 7 A1 log likelihood n4 seAuANLsUsuLazanduiusaastladeiduasfaudsnieueniunnseiv

yj = 0.3x4;+0.3xy; +0.47; Y = X?i-SXgiSZiOA
0,=0, p><1z =0 px1z =05 ng =09 p><1z =0 pxwz =05 p5<1z =09

CRS VRS  CRS VRS  CRS VRS CRS VRS CRS VRS CRS VRS

C,=0,=5 246.779 213.360 220.096 215.787 236.463 216.870 248.541 216.399 240.634 246.009 263.217 242.338
0, =0,=25100.165 98.981 100.654 96.583 96.459 94.372 105.526 122.874 114.645 108.453 110.999 63.844
0,=0,=45 56.089 18.188 41.523 26.612 45.672 38.504 69.542 49.517 57.696 46.084 62.634 50.419

un: annzAtu e ldsinsy Niogit 4.0

Tudunaunaasil aztan Anaan liidssansninlunisdaniadusoudsanluusuanang
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15ann utsaufazAtszansninlunnsdmanng (managerial inefficiency = 1 — managerial efficiency)
(Mortimer and Peacock, 2002; 8ATNIA 81984, 2547; Coelli et al., 2005; {94390 1194810 LAZALLE,
2548: Barnum and Gleason, 2008) Anad liHlsc@nininlunisdnnisnauandls linadngn
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Yi = 0.3x4j + 0.3x5; + 0.4z yi = x?i'Sx%BziOA
o,=0 p><1z =0 quz =05 p><1z =09 QQ‘Z =0 p><1z =05 p><1z =09

z

CRS VRS CRS VRS CRS VRS CRS VRS CRS VRS CRS VRS

c,=0,=5 0049 0.041 0.046 0.035 0.035 0.029 0.047 0.040 0.036 0.027 0.025 0.019
c,=0,=25 0312 0257 0235 0.186 0.234 0.155 0.261 0.198 0.159 0.116 0.219 0.132
0,=0,=45 0.496 0.376 0.398 0.306 0.410 0.285 0.357 0.265 0.236 0.181 0.235 0.134

Ann: annnzatuaasae U sunan Niogit 4.0

A19197 9 dowdaauuninsgiuzesan bifidssdninmadeidszanud i o srduanuulsmuuazanduiug
gaatladeindnasFqulsnieuaniwanenaii

_ ~ 030304
Yi = 0.3x4j +0.3xp; + 0.4z Yi = Xq Xoj Z
G,=0, px1z =0 p><1z =05 psz =09 p><1z =0 pxwz =05 psz =09

CRS VRS CRS VRS CRS VRS CRS VRS CRS VRS CRS VRS

6,=0,=5 0.019 0.020 0.015 0.019 0.002 0.007 0.019 0.020 0.012 0.016 0.002 0.006
G,=0,=25 0.080 0.098 0.035 0.065 0.040 0.071 0.090 0.114 0.030 0.055 0.060 0.023
c,=0,=45 0.115 0.154 0.069 0.121 0.052 0.100 0.136 0.159 0.067 0.091 0.062 0.063
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Tnaialiudoazudlatioguisenanasaanisulasdaya (transform data) Taavin natural logarithm
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NANAR VN Fa3d (Fare and Zelenyuk, 2002; Fare, Grosskopf, and Zelenyuk, 2004; Barnum and
Gleason, 2007; Barnum and Gleason, 2008)
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